Cortland Custom ICs
Preliminary Notes

Writer: Wayne Lowry
Apple User Education
030-1250-PN3

February 14, 1986

Copyright © 1985 Apple Computer, Inc. All rights reserved



Changes Since Previous Draft

These preliminary notes are the first draft. They are based primarily on the following
ERS's:

Mega // ERS 2.2, June 25, 1985
« Fast Processor Interface (FPI) ERS, September 5, 1985
« Video Graphics Controller (VGC) ERS 2.0, October 8, 1985
« Slot Maker ERS, May 1, 1985
.« Keyglu ERS 1.0, June 25, 1985
+ Sound Glu ERS, June 21, 1985
« Front Desk Bus ERS Rev B, June 13, 1985

Preliminary Notes ' 2 2/13/86



Contents

Forword

6

7 Chapter 1: Cortland Custom ICs System Overview
7 Introducton

7 Operation

7 System Speed

7 - Shadowing

8 The Video Graphics Controller

8 Memory Allocation

11 Chapter 2: Fast Processor Interface
11  Introduction

11 Operatdon Control

11 Standard Soft Switches
12 Memory Allocation

13 The State Register -~ <./

13 Shadowing

13 The Shadow Register

14 Shadowed Memory Map
15 The CYA Register
16  High Speed Operation

16 Disk Motor-On Detectors

17 RAM Control

17 Address Multiplexing

17 RAM Refreshing

17 Refresh Requests and Arbitration
17 CAS/RAS Refresh

17 ROM Control

18  Banks $F8 and SFE-FF

18  Extended Memory Card Slot
18  Extended RAM

18 Extended RAM Mapping
19 MSize
19 Ghosting

20  Extended ROM

21 /O Processing

21 The Slot ROM Register
22 Mega I Interface

22 M-State Counter

22  Synchronization

22 Mega I Cycles

23 SEO-SE1

23 Mega IT Bank Bit
23 DMA

24  Timing Control

24 F-State Machine
24 P-State Machine

Preliminary Notes . 3 2/13/86



24  Interfacing the Cortland System
24 Programmed /O Cards
25 DMA Cards

27 Chapter 3: Mega II

27  Introduction

28  Mega I Select Functions

28  Support of Internal Devices
28  RAM Refresh

29  Mouse/Game /O Operations

29 Interrupts

30 Game /O

30 Interrupt ROM

30 Video

30 Composite NTSC)
31 RGB

31 Text

33 Graphics
34  Memory Translatoon

34 State Register
34 Select Signal
35 Video Registers

37 Chapter 4: Video Graphics Controller
37  Introduction : :
38  The VGC Supports Apple II Video Modes

38 Text Background Register
38 Border Color Register

38 Mono/Color Register

39  New Video Modes

40 The Display Buffer

40 Pointer Bytes

41 Color Palettes

43 Pixels

44 Polygon Fill Mode

44  Clock Chip Interface

45  VGC Interrupt Registers
46  VGC Disk Register

46  VGC Test Modes

47 Chapter 5: Slot Maker
47  General Description

49 Chapter 6: Key Glu

49  Introduction

49 Key Glu Read-Only Status Register
49 System Status Register

49  Status Flags

51 Chapter 7: Sound Glu
51 Introducton

51  Write Operaton

51  Read Operation

Preliminary Notes 4 - 2/13/86



55 Chapter 8: Front Desk Bus
53  Introduction

53  Physical Layer

53  Modulation

53 Normal Modulation

53 High Speed Modulation
53  Signals

54 Attention and Sync

54 Reset

54 Service Request

54  Transactions

54 DatalLink

55  Front Desk Bus Peripherals
55 Registers

55 Commands

56 Talk

56 Listen

56 SendReset

56 Flush

56  Collision Detection
56  Error Conditions
57  Network Layer (FDB Types)

57 Normal Devices
57 Extended Address Devices
58 Register 3

59  Service Request and High Speed Enabling

61 Chapter 9: Integrated WOQZ Machine
61  Introducton ‘ _

61  Control Registers .
61 State Register

62 Mode Register (Write-Only)

63 Status Register (Read-Only)

63 Handshake Register (Read-Only)

63 Data Register

65 Appendix A: Mega II Character Generator ROM
67 Appendix B: Cortland Input/Output Timing

73  Appendix C: Signal Descriptions

Dealiminarv NOteS 5 2/13/86



Forword

These preliminary notes for the Cortland Custom ICs manual do not constitute a book.
They are merely a collection of notes and fragmentary information and are not guaranteed to
be either complete or correct. Their only reason to be is their availability now, so far in
advance of the product they describe.

After the developer seeding, the information in these notes will be incorporated into the

Cortland Custom ICs manual. That book will be the included in another manual (current
plan) in the suite of technical manuals for the Cortland.
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Chapter 1

Cortland Custom ICs
System Overview

Introduction

The Cortland system is divided into two separate subsystems. One subsystem consists of
the Mega II, 128K of standard Apple I memory, video generation logic, internal and
external O slots (right of dotted line, Figure 1). This subsystem is referred to as the
Mega II side of the system. The other subsystem consists of the 65C816 microprocessor,
the Fast Processor Interface (FPI) IC, up to 4M bytes of fast dynamic RAM, 64K bytes of
ROM, and additional internal /O registers. This subsystem is referred to as the FPI side of
the system (lower-left of dotted line, Figure 1).

Operation

The FPI IC is the processor and memory controller for the fast part of the Cortland system.
It controls the system speed, manages and refreshes the expanded system memory.

The Mega II IC is the integration and enhancement of several Apple II chips: an Apple II on
a chip. Thus, Apple II features are accessible within the Cortland system and all Apple I
software is compatible. '

System Speed

In normal operation, the Cortland system runs the FP side of the system at 2.8 MHz and
the Mega II side at 1.024 MHz. This allows faster processing without disturbing the
standard 1 MHz U/O and video timing that is required for compatibility with exisung
peripheral units. To run the system optimally, the FPI side of the system provides a
shadowing feature that allows access to I/O and the Mega II's video buffers.

Shadowing

The Cortland system uses the shadowing method to process the video displays while
running programs in the fast RAM area. Write operations that are performed using
shadowing write in both the fast RAM and the Mega Il RAM, thus the term shadowing.
Memory read operations, however, are performed only from the fast RAM. Fast RAM is
used because the system must slow down to access the slower Mega I RAM.
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The Video Graphics Controller

The Video Graphics Controller (VGC) IC supports and enhances existing Apple I video,
interfaces with the Macintosh clock chip, provides interrupt processing for three interrupt
sources, implements video modes, and provides test modes for chip and board-level
testing. The VGC provides these features in concert with the Mega II (upper-right middle
of Figure 1).
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Figure 1. Cortland Block Diagram

Memory Allocation

A minimum Cortland system includes 256K bytes of RAM and 64K bytes of ROM. The
Mega II side includes 128K bytes of RAM that corresponds to the current Apple O farmly
Main and Aux memory banks. This RAM is used for text and graphics display buffers and
to hold certain system software in reserved areas. The FPI side of the system includes a
minimum of 128K bytes of RAM, 64K bytes of ROM, and is expandable to a maximum of
4128K bytes of RAM (see Figure 2).

Preliminary Notes 8 2/14/86



$0

Main board fast1 2§K RAM and ;I/O |

$1
$02-7F Memory expansion card, RAMarea
$80-DF 6M bytes Reserved - currently unused
N _
$E0 N | Main board slow Mega Il 128K RAM,
% and l/O space
$E1 2N P

$E2-EF 896K bytes Reserved - currently unused

SFO-FD | 896K bytes | Memory expansion card, ROM area. 0 e e

$FE-FF | 64/128K bytes | Main board fast ROM area

Figure 2. Bank Memory Map
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Chapter 2

Fast Processor Interface

Introduction

The Fast Processor Interface IC (FPI) is the processor and memory controller for the fast
part of the Cortland system. It controls the system speed, manages and refreshes the '
expanded system memory, and provides the shadowing that allows access to /O and the
Mega II's video buffers. This sub-system is referred to as the FPI side of the system (see
Figures 1 and 3).

During normal operation, the Cortland system runs the FPI side of the system at 2.8 MHz
and the Mega II side at 1 MHz. This allows faster processing without disturbing the
standard 1 MHz UO and video timing that is required for compatibility with existing
peripheral units.

When it is necessary for the CPU to access an [/O location or the Mega II RAM, the system
is briefly slowed to 1 MHz and synchronized with the Mega II dming so that the access can

be accomplished. When the access is complete, the FPI side returns to 2.8 MHz operating
speed.

Operation Control

The various operating options in the FPI are controlled by a combination of existing
Apple II soft switches, Mega II soft switches, and FPI control registers. The control
registers include: the Shadow register, the CYA register, and the State register. The
following paragraphs describe these options.

Standard Soft Switches

To insure optimal compatibility with existing Apple I computers, the Cortland system
includes the standard Apple II soft switches. These soft switches operate in any bank
where shadowing is enabled and when the IO enable bit, in the Shadow register, 1s set to
zero. Most of the soft switches reside in the Mega I and cause the system to slow
momentarily when they're accessed. However, some of the soft switches are duplicated in
the FPI to provide ROM control, language-card operation in fast RAM, and to provide the
information necessary to properly implement video shadowing. The soft switches include:
80STORE, RAMRD, RAMWRT, SLOTC3ROM, INTCXROM, ALTZP, ROMBANK,
PAGE2, HIRES, and the internal slot-3 switch. The soft switches are designated wrize
only in the FPI and read/wrize in the Mega Il. Any access to the individual switches
slows the system momentarily.

Preliminary Notes 11 2/14/86



ADDR & DATA BUFFERS

- DATA 1-7 > . M2DAT 0-7
M
E
Addr 0-15 .
il - M2ADDR 0-15 o G
M2BAO > iAI
/IRQ,RDY,RESET /IRQ,RDY,RESET
¢ 1 s
RESET I
—
68C816 RDY,| RESET »  FPI ~ /M2SEL | p
JDMA,INH,/STRETCH E
ADDR & p+¢—py ADDR < M2R/W >
DATA — g - $+ DATA /CRAS,/CCAS,CROWO,1
- /CDIR,
Yp > YP RAG-9 /CROM
RIW » RWSI6 /ROMSELs
W . RAM v
128K L
¢———{ Byes e >
[\ ADDR 10-15 P - 2:4
V DATA 0-7 B
- » O
R/W R
> v
S—
| ADDRO-15 ROM
DATA 0-7 64K |gROMSELs > L
' o)
Bytes T

Figure 3. FPI Systemn Block Diagram

Memory Allocation

The FPI side of the Cortland system includes a minimum of 128K bytes of RAM, 64K
bytes of ROM, and is expandable to a maximum of 4128K bytes of RAM. This RAM is
used for text and graphics display buffers, and holds system software in reserved areas.
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The State Register

The FPI also duplicates the Mega II State register, allowing access to eight of the
commonly-used soft switches in a single transfer (see Figure 4). In this case, however, the
FPI version of the register is read/write, not write-only. Reading the State register does not
slow the system since it is read from the FPI, not the Mega II. Write operations to the State
register slows the system momentarily while the write to the Mega II takes place.

716 |s |4 1]13]2 1 | 0 | Soft Switches

— NTCXROM
ROVBANK
BANK2 .
RDRCM
RAMWRT
RAVRD
PAGE2
ALTZP

,,,,,,

Figure 4. State Register -

‘Shadowing

The Cortland uses a method called shadowing to handle the video displays while running
programs in fast RAM. All write operations to-shadowed memory areas are written in both
the fast RAM and the Mega [ RAM. Memory read operations, however, are normally
performed from the fast RAM. Because the system must slow down to access the slower
Mega I RAM, using the fast RAM minimizes the impact of display updates on the overall
system speed.

The Shadow Register

The Shadow register controls and determines which areas of fast RAM are shadowed into
the Mega II RAM display areas. The Shadow register also determines whether or not the
/O space and language-card areas are implemented (see Figure 5).

Shadowing is available in banks O'and 1, or in any RAM bank where shadowing is enabled

by the CYA register. Direct access to the video buffers and IO is available through
Mega II banks SEO-E1.
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L— Inhibit shadowing text pages 1, 1x
Inhibit shadowing HIRES Page 1

Inhibit shadowing HIRES Page 2

Inhibit shadowing 32K video buffer
Inhibit shadowing Aux HIRES pages
Reserved - read undefined, write zero
Inhibit 1/0 and language-card operation
Reserved - read undefined, write zero

Figure 5. Shadow Register °

Each bit in the shadow register is active high, meaning that the shadowing of the selected
area is inhibited if the appropriate bit is set. The Shadow register is cleared on reset by the
FPI so it defaults to shadowing all video areas. Programs that are aware of the Shadow
register can turn off shadowing in unused video areas by setting the appropriate bits and

therefore reclaiming the memory space in the unused video buffers in Mega I banks $EO-
El.

Within the Shadow register, bits O through 3 inhibit shadowing of the display areas
indicated in Figure 5. Bit 4 is used with the HIRES shadow bits 1 and 2. If bit 4 is clear,
any HIRES display area shadowed will shadow both the. main and auxiliary display pages.
If bit 4 is set, shadowing the auxiliary HIRES pages is inhibited and only the main HIRES
display pages are shadowed when HIRES shadowing is enabled.

Note: Text page 2 ($800-BFF) is never shadowed. If you need a text display area or a

code storage area, use Mega II banks SEO and E1; however, these banks are limited to
1 MHz operation.

The /O and language-card inhibit bit (JOLC) controls whether the $Cxxx address range
acts as RAM or VO. If bit IOLC is a zero, I/O is enabled in the $Cxxx space and the 4K of
RAM that would normally occupy that space is folded up into a second $Dxxx bank of
RAM, forming a language card. If IOLC is a one, the /O space and language card is
inhibited, and contiguous RAM is available from $xx0000 to $xxFFFF.|

Shadowed Memory Map

Figure 6 shows banks $O and $1, or any even-odd pair of banks, if shadowing is enabled
in the CY A register.
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Main 64K Aux 64K

SFFFF (Even bank No.s) (Odd bank No.s) SFFFF
$E0CO $E000
s DO A\ o
$A000 $A000

$8000 ' &\\\\\\\ $8000

X

$6000 \\\ &\\\\\g $5000 ﬁifyte

$4000 &\\\\ \\\\\\ § $4000 Buffer

52000 k \ NN 52000
e Text pages AN

$0000 $0000

/O space Shadowed video areas

Figure 6. Shadowed Memory Map
The CYA Register |

The Configure Your Apple (CYA) register contains bits that control the speed of operation
and shadow enabling in various banks. The CYA register is cleared to zeros on reset or
power up (see Figure 3). &
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l— Slot 4 disk motor-on detect

Slot 5 disk motor-on detect

Slot 6 disk motor-on detect

Slot 7 disk motor-on detect

Shadowing enabled in all RAM banks
Reserved - read undefined, write zero
Reserved - read undefined, write zero
CPU speed control: 1=fast, 0=1.024 MHz

Figure 7. CYA Register

High Speed Operation

The CYA register's bit 7 controls system operating speed. When CYA 7 is set to zero, the
system operates at 1.024 MHz (as in an Apple II). When CYA 7 is set to 1, the system
operates at 2.8 MHz unless it is slowed by Mega II accesses, distributed RAM refresh
cycles, or the disk motor-on detectors.

Disik Motor-On Detectors

Bits C through 3 of the CY A register are used to enable the Disk II motor-on/off address
detectors in the FPI. Because Disk II, and similar products, require 1.024 MHz operation
wher accessing the disk, the motor-on detectors slow the system to 1.024 MHz when the
disk .~ otor-on address is detected. When the disk motor-off address 1s accessed, the

syste m speed increases up to 2.8 MHz again. For example, if CYA 1 is set to one, the FPI
swit. hes to slow mode (1.024 MHz) when address $COD9 is accessed, and returns to
normal speed (2.8 MHz) following a SCODS access.

Note: Drives designed after the Cortland system should use the speed bit (CYA 7)
rather than the disk motor-on detectors (CY A 0-2). This allows drives to be installed in
slots other than 4-7 and stll shift the system speed properly if required. These new
designs should also avoid using the motor-on and motor-off addresses unless they are
used in a fashion consistant with the drive's CPU speed requirements.

The addresses detected are as follows:

Slot Motor-on Moto‘r-off

4 $COC9 $COC8
5 $CODS $COD8
6 $COEB $COF9
7 $COF8 $COF9
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RAM Control

The FPI controls dynamic RAM and provides the necessary signals without any external
ICs. It supports four 64K x 4 RAMs on the main PC board and up to four rows of RAMs
on the extended memory card.

Address Multiplexing

The FPI multiplexes the RAM addresses onto either 8-, 9-, or 10-RAM address lines to
provide support for RAM with 64K, 256K or IM words per RAM. The main-board
RAMSs (banks 0, 1) are 64K x 4 so the FPI multiplexes the address onto eight lines. The
external RAM card can support 256 x 1,256 x 4, IM x 1, or IM x 4 RAMs. The word
size of the RAMs on the extended memory card is indicated by the M size output from the
card. When M size is strapped low, the FPI provides multiplexing on 9 lines for 256K

words per RAM. When M size is strapped high, the address is multiplexed onto 10 lines to
support IM-word RAMSs. S

RAM Refreshing

The FPI supports dynamic RAM memory. Dynamic RAMs require periodic refreshing to
prevent their internal capacitive memory cells from discharging through internal leakage
currents. The FPI provides the refresh cycles necessary to maintain the RAM internal data
without requiring any attention from the programmer.

Refresh Requests and Arbitration

The FPI RAMs are not transparently refreshed; therefore, the FPI provides periodic refresh
cycles to maintain the RAM contents. These refresh cycles occur approximately every
3.5'us. When the FPI is running in fast (2.8 MHz) mode, the refresh cycles reduce the
effective speed by approximately 8% for programs running in RAM. Programs in ROM
continue to run at full speed because the RAM refresh cycles do not interfere with RAM
accesses. When running in slow (1.024 MHz) mode, refresh cycles are executed during an
unused part of the processor cycle and do not affect the processor speed.

CAS/RAS Refresh

Column Address Strobe (CAS) and Row Address Strobe (RAS) refreshing is used during
each refresh cycle (CAS is supplied before RAS). This causes the RAM to use an internal
refresh address counter and eliminates the need to supply a refresh address from the FPL.
This frees the address bus so that the FPI can execute ROM cycles while RAM refresh
cycles are occuring, thus allowing full speed operation in the ROM. T

ROM Control

The FPI provides control for 64K bytes of on-board ROM and up to 1M byte of ROM
when the memory expansion card is used to hold additonal ROM. Apple II series
compatibility is provided by supplying 32K bytes of ROM organized as two 16K byte
banks that occupy $C100-$FFFF and are enabled in sections as in the Apple lI. The
Apple I ROM is available only when JIOLC shadowing is enabled for the bank being
accessed. An additional 32K bytes of ROM is available for tool kits and operating system
support in bank S$FF.
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Note: The {Apple I ROM is only available when IOLC shadowing is enabled for the
bank being accessed or in the Mega II banks $SEO and E1.

If a IM-bit ROM is used on the main board, 128K bytes of ROM is available with an
R4 add.monal 64K bytes in bank $FE.

Banks $F8 and $FE-FF

Bank $FF holds the on-board system ROM. The 32K bytes of Apple I ROM are mapped
into $FF8000-SFFFFFF. Apple II ROM bank 1 maps into $SFFC000-SFFFFFF while
ROM bank 2 maps into $FF8000-SFFBFFF. An additional 32K bytes of ROM is mapped
into SFFO000-SFF7FFF. This ROM is accessible through bank $FF.

When the 1M-bit ROM is used on the main board, an additional 64K bytes of ROM
~ occupies SFExxxx.

Banks SFO-SFD are reserved for ROM system expansion. The ROM to occupy th1s area
resides on an extended memory card along with additional system RAM. ?

Extended Memory Card Slot

The extended memory card slot allows you to add memory cards holding up to 8M bytes of
RAM and 896K bytes of ROM memory. It supports additional memory only and is not to
be used for any other purpose. One M-byte or 4M-byte RAM cards can be constructed by
using 256K x 1 or IM x 1 RAMs.

Extended RAM

Up to 4M bytes (64 banks of 64K bytes) of RAM can be included on the extended memory
card. However, this requires 1M x 1 or 256K x 4 RAMs. The card supports up to four
rows of RAMs with each row holding either 256K bytes or IM byte.

To control and select individual rows of RAM, the FPI provides /CRAS, /CCAS,
CROWOQ, and CROW1 signals. Signals /CRAS and /CCAS are the basic memory timing
signals common to most dynamic RAMs. Signals CROW0 and CROW1 are row selects
which, when taken as a pair, indicate the row number to be accessed. Typically, CROWO .
and CROW/1 are used as the select 51gnals for a dual 4-1 decoder (74F139 or equivalent)
that demultiplexes /CRAS and /CCAS into a separate /RAS and /CAS for each row.

Extended RAM Mapping

Figure 8 depicts a IM-byte extended RAM card using four rows of 256K bytes per row.
The RAM banks above bank $11 are ghosts (repeat images) of the RAM in banks $2-F and
$10-11. A partially populated card causes holes in the memory map unless there is an
option on the card to alter the address decoding. For example, if the card described above
were populated with rows O and 1 only, there would be 512K bytes of contiguous memory
in banks $0-7 and another 128K bytes in banks $10-11. Banks $8-F would be empty.
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Main Board
fast RAM ‘ Row O

Row 1
$14,24,34... | Ghost 34
$15,25,35... | Ghost $5

$12,22,32... $16,26,36... | Ghost $6
$13,23,33... $17,27,37... [ Ghost $7

Active RAM

Figure 8. Extended RAM Mapping
MSIZE

A special input pin cailed MSIZE connects to the extended memory slot and is either
strapped to ground on the memory card or left open.

If the MSIZE pin is connected to ground (for 256K bit RAMs), the FPI multiplexes 18
address bits onto RAQ-8 and generates the CROWO-1 row selects for rows of 256K bytes.
If the MSTZE pin is left open (for IM-bit RAMs), the FPI multiplexes 20 address bits onto
RAOQ-9 and generates the row selects for 1M-byte rows.

Ghosting

The FPI always enables the extended RAM card for accesses in banks $2-$80. Rows of
RAMs on the card are selected by CROW0 and CROW 1. For a IM-byte card with 256K
byte rows (MSIZE=0), the selected RAM row number is given by the bank number mod 4.
The only exception is for banks $0-$1, which are always assumed to be on the main board:
therefore, the extended memory card is not accessed. This method of card and row
selection causes multiple images or ghosring of the RAM areas on the card.
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Extended ROM

An extended ROM card can support up to 896K bytes in banks $FO to $FD. This
capability requires an additional bank address latch-decoder on the memory card. The FPI
provides a signal (CROMSIL.L) that is a decode of one bank; however, the card must
provide the additional decoding to select individual ROMs within the selected space. This
can be accomplished, for example, with a 74HC259. addressable latch. The lower three
data lines are connected to the 74HC259 address inputs, CROMSEL.L connects to the latch
data input, and the PH2 clock is used to enable the latch. This one IC now decodes and
demultiplexes the bank address in the range of interest. Each latch output can be used to

chip-enable 2 27512 ROM or a 64K x 8 equivalent. Similar methods can be used to select
other sizes of ROMs.

The extended memory card connector provides a group of signals to support dynamic RAM

and additional general purpose signals to support ROM decoding and selection. Table 1
lists these signals.

Table 1. Memory Card Interface Signals

Signal Description
FRAO-FRA9 10 bits of multiplexed RAM address for RAM
cycles — least significant 10 bis of ROM address.
CROWOQ,1 2 bits select 1 of 4 RAM rows.
CRAS.L RAM /RAS smobe.
CCAS.L ‘ RAM /RAS strobe.
FR/'W Write enable to RAMs. R/W from CPU or DMA.
D0-D7 8 bits of bidirectonal data — CPU data bus.
CDIR.L Card data buffer direction control. High to read card data.
CROMSEL.L Card ROM select. Low for accesses to banks $SFO-FD.
PH2CLK CPU clock. Rising edge indicates valid bank address on DO-D7.
MSIZE Output from card. Indicates RAM row size.
Al10-A1S The 6 high-order addresss bits. Used with ROMs
14M 14 MHz clock signal.
vCC +5v +/-5%. 600 ma absolute maximum.

To control and select individual rows of RAM, the FPI provides the /CRAS, /CCAS,
CROWQ, and CROW1 signals. The /CRAS and /CCAS signals are for basic memory
timing common to most dynamic RAMs. The CROWO0 and CROW1 are row select signals
which , when taken as a pair, indicate the row number to be accessed. Typically, CROWO
and CROW!1 are select signals for a dual 4-1 decoder (74F 139 or equivalent) that
demultiplexes /CRAS and /CCAS into a separate /RAS and /CAS for each row. Figure 9
shows a typical circuit for RAM row selection.
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3.3 KQ
74F139

i 3ap—— /RAS3
CRASL \E‘?a 2app—— /RAS2
'AOa lap— /RAST1

B Oafo—— /RASO /RAS, /CAS for

3bpp— /CAS3 each row of RAMs

CCAS.L N qu 2bpo—— /CAS2
CROW —e J2. A1b 1bo— /CAS1
CKOW -o—e AOb Obpo—— /CASO

Figure 9. Extended Memory Card RAS/CAS Decoding Example

I/O Processing

?

Normally, all /O accesses are in the designated VO space and are sent to the Mega II as
well as the FP1. The only exceptions are when the unique FPI internal registers are
accessed, and when the interrupt ROM area is read. The unique FPI rcg1stcrs include the
DMA bank register, the CYA register, and the Shadow register.

_The FPI registers that are duplicates of Mega II registers include the State register and the
Slot ROM register. Write commands to these registers are also sent to the Mega II. Read
commands are from the FPI only.

The interrupt ROM segment is always available when both the shadowing and IOLC are
enabled in the Shadow register, and is not affected by the ROM bank soft switch.

The Slot ROM Register

The Slot ROM register is used to select either the internal /O or the /O slot device for each
logical slot. If the enable bit in the Slot register is set to a one, accesses to that slot's ROM
space (SCnxx) are sent to the Mega II and from there to the physical IO slot. If the enable
| bit is cleared, SCnxx read operations from that slot's ROM space are processed by the
.on- -board ROMs that control the built-in /O devices.

Slot 3 is a special case. Like slot 4, its hardware addresses are always available. However,
\ “its ROM space is controlled by the SLOTC3ROM switch to maintain compatbility with the
| existing Apple II products. '
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Mega II Interface

The FPI controls the transfer of data to and from the Mega II. When it is necessary for the
CPU to communicate (read or write) with the slow side of the system, the FPI holds the
CPU PH2 clock high and waits for the beginning of the next Mega II cycle. Shortly after
the cycle starts, the FPI asserts the Mega II select line and enables the buffers to drive the
CPU address onto the Mega [I's address bus (the Mega II R/W line is also driven at this
time). When the Mega II's PHO clock rises, the data-bus drivers are enabled and the data
transfer takes place. The cycle is complete when the PHO falls and the FPI drops the CPU
PH2 clock low at that time. In consecutive Mega II cycles (slow mode), the FPI generates

one CPU cycle for each Mega II. cycle, thus running the CPU at precisely 1.024 MHz to
support time-dependent code.

M-State Counter

To provide correct synchronization with the slow side of the system, the FPI uses an
internal counting circuit called the M-State Counter that is kept synchronized with the
Mega II. The M-State counter simply counts 14M clocks during PHO cycle time. The

counter outputs are used internally in the FPI to control the timing of the various signals
that interface with the Mega II.

Synchronization

Correct synchronization with the Mega II is provided by a signal called STRETCH.L, ‘rom
the VGC. Signal STRETCH.L is asserted during Mega II's count $D every 65 Mega !
cycles, and coincides with the stretched CPU cycle common to all Apple I products.

Signal STRETCH.L is held low for two clock cycles and serves two purposes within tne
FPL Initially, when the FPI is not yet synchronized after power up, STRETCH.L forces
the FP1 M-State counter to a $D count to provide the initial synchronization with the

Mega II. In normal operation, after the system is synchronized, STRETCH.L stretches the
FPI M-State counter cycle by holding it at a $D count when the Mega II cycle is stetched,
thus maintaining synchronization throughout the stretched cycles.

Mega II Cycles

The Mega II cycles are CPU or DMA cycles that access the slow side of the system. These
include all external and most internal /O, shadow video write operations, inAibired memory
or I/O accesses, and all accesses to the Mega II banks.
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SE0-SE1

A Mega II cycle typically begins when the FPI recognizes an address that requires access to
the slow side of the system. Approximately 90 ns after the CPU PH2 clock falls, the
address and bank address from the CPU becomes valid. These are decoded internally in
the FPI and the type of cycle to execute is determined before the PH2 clock rises. If the
cycle is a Mega II cycle, the FPI generates an internal "slow" signal that holds the PH2
clock high and holds RAS and CAS inactive. The FPI remains in this state until it reaches
the end of M-State 1 in the Mega II PHC timing. On the next rising clock edge, the FPI

o

sets its internal SYNC flag to indicate that it is now synchronized with the Mega II iming.
Mega I Bank Bit

To allow direct access to the Mega II auxiliary bank, the FPI passes the Isb of the bank
address to the Mega II during M-States 2 and 3 of each Mega I cycle. If shadowing is
enabled or the software is accessing bank SEO-E1, access to an odd-numbered bank will
access the Mega I auxiliary memory without requiring use of the soft swtches. For this to
work, the programmer must set bit 0 to 1 in the video control register at $C029.
Otherwise, the Mega II will ignore the bank bit and the soft switches must be used to
access the auxiliary 64K through an even-numbered bank.

DMA

DMA is supported with a full 24-bit address range; this is accomplished using a DMA
bank register that can be software-loaded to provide the upper eight bits of the 24-bit
- address required.

During DMA cycles, when the DMA signal is asserted by a slot device, the address bus is
rurned off within 30 ns and left off until the CPU PH2 clock goes high and the bank
address has been latched. At this time, the address bus is enabled, pointing "in" toward the
FPI and 65C816. The FPI decodes the address and stored DMA bank address to determine
whether the cycle is to RAM, ROM, or Mega T If the cycle is a DMA to the Mega II (or
slots) , the Mega I select line is asserted by the FPI and the FPI data buffers are umed off
if R/W is high. If the cycle is to the fast RAM, the data buffers are enabled while PHO is
high; the RAS and CAS signals are generated at appropriate times.

Note: To increase read/write data iming margins to the fast RAMs, the FPI generates

an early CAS for read cycles and a late CAS for write cycles. This provides earlier read
data available and less required write data setup ome.
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Timing Control

The FPI uses two timing speeds in its various functions. These speeds are controlled by
two sequencers: the F-State machine and the P-State machine.

F-State Machine

The F-State machine is a five-state sequencer that generates the RAS and CAS timing
signals for the fast RAMs. It includes circuitry to hold it in various states so that the timing

can be synchronized with the Mega II, and the RAS/CAS timing can be varied for read and
write cycles.

P-State Machine

The P-State machine is a four-state sequencer that generates the 65C816 PH2 clock and the
internal FPI quadrature Q-clock. The P-State machine is synchronized with the F-State
machine in such a way that the PH2 clock is always low for two clock cycles. This always
coincides with the minimum two-clock precharge period when both RAS and CAS are
inactive. For normal fast RAM cycles, PH2 goes high at the same time RAS goes active
(low). However, PH2 can be held high while RAS and CAS are low if, for example,
DMA cycles are going on, or during the slow cycles when PHO is low and a memory
refresh cycle is occuring. The result of this synchronization is that the minimum PH2 cycle
is five clocks long, two clocks low and three clocks high for a total of 350 ns.

Also, for slow cycles, the PH2 clock is held high until the F-State sequencer comes into
synchronization with the Mega II PHO clock and the slow cycle is completed. These slow
cycles can range from a minimum of 14 clocks to a2 maximum of 29 clocks in cases where
there is a maximum synchronization latency that coincides with the Apple II szrerched cycle.

An average cycle time for isolated slow cycles is 1.5 us. Consecutive slow cycles run at
1.024 MHz. ‘ :

Interfacing the Cortland System

The input and output functions are made possible by the use of pluggable, programmed e
cards and DMA cards.

Programmed I/O Cards

Most /O cards uséd in the Apple II also work in the Cortland system. Specifically, cards
that use the IOSEL and DEVSEL bus signals will not be confused by the larger address
range in the Cortland system. :

The CPU operates with a 24-bit address; however, the IO slots only get a 16-bit address.
Therefore, cards that try to decode a 16-bit address instead of using the DEVSEL and
IOSEL signals will not work properly. These cards include the multi-function IO cards
that emulate VO cards in several slots, and most add-on RAM cards. Fortunately, these
cards, in general, are not used for the Cortland system because of the extensive built-in VO
and the fast RAM expansion capabilities.

Cards that use INHIBIT will work properly if a) the system is running slowly, and b) they
assert inhibit within 200 ns of the ime PHO falls. However, compatibility with this type of
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card must be determined on an individual basis because many Monitor calls execute code in
bank SFF and the card does not receive bank information. The FPI generally ignores
inhibits that occur when the system is running fast, or when it is not in a bank where VO

and language-card operation Is enabled. This improves compatibility with existung cards.
DMA Cards

Many DMA cards work in the Cortland system but may require changes in their firmware
or associated software to function properly with the DMA bank register. In general, DMA
cards that assert/remove the DMA signal within the first 200 ns of the PHO cycle will
probably work properly as this allows sufficient time for the Mega II select line to be
activated by the FPI for video and /O accesses.

/Note: Normally the system should be running slowly when performing DMA,

| otherwise, DMA to /O or Mega 1I video areas will not work properly. However,
~| DMA can be perfomed while the system is running fast as long as the following

\ constraints are observed:

« Fast DMA can only access fast RAM or ROM (access to U/O, video, or the Mega I
banks do not work properly).

. Fast DMA may cause a repeated cycle to occur t0 the location currently being

accessed by the processor. This could cause a malfuncdon if the CPU is accessing
O when the DMA occurs; however, a repeated access to a RAM location will have
no effect. The 65C816 can be stopped indefinitely for DMA and does not require

any CPU refresh cycles from a DMA card.
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Chapter 3

Cortland Mega 11

Introduction

The Mega I is the integration of several enhanced Apple II chips. The following chips
comprise the Mega II:

« MMU Custom Chip

« IOU Custom Chip

« Character Generator ROMs (8 languages)
~ + TMG Timing Generator

« GLU General Logic Unit

« Video Logic

The Mega II, shown in Figure 10, has virtually all the characteristics of an Apple [T on a
chip; it supports a slotted architecture and has built-in peripherals.

Keyboard — Refresh
Speaker —— Vo
~ RAM

Game/Mouse — Timing - Memory
AQ-A15 Address

. Video
Main DB oK x 8K
Alt DB RCM s

Timing
Generator

Figure 10. Mega II Block Diagram
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Mega II Select Functions

The Mega II supports IO slots and built-in peripherals. In addition, the 16-pin Game /O
connector is supported by using an external chip referred to as the Slot Maker (see
Chapter 5). 4

Support of Internal Devices

The Mega II supports built-in peripherals and traditional slots. This allows peripherals,
such as a serial port, to be built on the main logic board; however, the internal peripherals
are disabled if a card is plugged into the corresponding slot. The Mega II disables the

internal peripherals using the Slot ROM Select register at location $C02D. Register $C02D
functions as follows:

D7 When this bitis O, the internal ROM is selected. When this bit is 1, the Slot
ROM (location $C700 to $CTFF) is enabled and device space $COFO to
$FF is enabled.

D6 When this bit is O, the internal ROM is selected. When this bit is 1, the Slot
ROM (location $C600 to $C6FF) is enabled and device space $COEOQ to
$EF is enabled.

D5 When this bit is 0, the internal ROM is selected. When this bit is 1, the Slot’
ROM (location $C500 to $CSFF) is enabled and device space $CODO to
$DF is enabled.

D4 When this bit is 0, the internal ROM is selected. When this bit is 1, the Slot
ROM (location $C400 to $C4FF) is enabled.

D3 Not used, therefore it must be set to zero.

D2 When this bit is 0, the internal ROM is selected. When this bit is 1, the Slot
ROM (location $C200 to $C2FF) is enabled and device space SCOAQ to
$AF is enabled.

D1 When this bit is 0, the internal ROM is selected. When this bit is 1, the Slot
ROM (location $C100 to $C1FF) is enabled and device space $C090 to SOF
is enabled

DO Not used, therefore it must be set to zero.

Note: Device space for slots 3 (8COCO to $CF) and 4 ($CODO to $DF) are always
enabled. On the Mega I, this register is forced to all zeroes.

RAM Refresh

The Mega I performs 256 refresh cycles every 3.25 milliseconds. That is, five refresh
cycles are performed every 63.5 microseconds.

Figure 11 depicts the phase 1 (PH1) bus activity. During the unused memory cycles, the

RAM address outputs (RAO-RA7) are the last refresh addresses. During this ume, RAS
and CAS signals are inactive (high).
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Figure 11. PH1 Bus Actvity

Mouse/Game I/O Operation

The mouse interface consists of two eight-bit up/down counters; one for the X, or
horizontal, direction and one for the Y, or vertical, direction. These counters unburden the
CPU from mouse-movement interrupts and they provide a passive mode (noninterrupt) that
is software compatihle with the Apple IL.

The counter counts :p when the mouse movement is dowrnv/right, and it counts down when
the mouse moveme 1t is up/left. The counter is reset after itis read thus providing a delta
count to the softwa 'e. The counters do not overflow in either direction. If the mouse
changes direction ufter a maximum count is reached, it does not count in the opposite
direction. If interrupts are not enabled, then at the maximum rate the counter reaches the
maximum count in 25 msec, or about 5,000 instructions.

Interrupts

There are three sources of interrupt from the mouse interface that can be masked . These
are: mouse movement, VBL, and a pressed button. The mouse movement and button-
pressed conditions generate an interrupt on the next VBL after the event occurs. All
interrupt-enable information for the mouse is contained in the Mouse-Interrupt-Enable
register.
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Game /O
The Mega II supports paddles O, 2, and 3, and switchs 0, 1, and 2.

Interrupt ROM
The Mega II maintains 15 bytes of ROM to support the interrupt handler. These bytes of

ROM are located in $C071 to SCOTF. When this space is accessed, the /ROMEN signal
goes to an active state.

Video

The Mega II provides a serial video output and an RGB that are similar to the Apple II.

Composite (NTSC)
A serial video stream (SERVID) is multiplexed onto the color gate (CLRGAT) signal.

When the serial information is combined with signals CREF and SYNC, Mega II generates
the same NTSC signal as the Apple II. The serial video information is valid only during

the time the NTSC signal is low.
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RGB

The RGB outputs are directly compatible with Apple I'

s video modes, and Apple's RGB
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