Engineering Manual Sun-2 Model 50
g

Company Confidential
Sun Microsystems Inc.
Part Number: 800-1146-01

Revision: 01 of 12 October 1984

This manual describes the two board that make up a Mode! 50, the 2050 base boarc and the 2031
expansion board. ‘

The 205C Beard is a single board workstation computer. It provides on a single, tripie height eurocarc
all components of a high-performance engineering/scientific workstation: processor. memory, virtuai
memory management. display subsystem. networking. serial I/0. system bus interface. and various
system utilities. The processor is based on a 1C Mhz 68010 CPU. extended with the Sun-2
multiprocess virtual memory management. The 2050 board contains one 1o four megabytes of
memaory with zero wait state access. Main memory 1s eguipped with byie parity error detection.

The 2021 Board is an optional mémory expansion board that provides an additiona! one to four
megabytes of main memory. It also provides a slot tor an optlional input/output expansion board,
such as a floating point processor.

This document describes subject matter proprietary to SUN MICROSYSTEMS INC. This document
may not be disclosed to third parties or copiec of duplicated in any iorm without the prior written
consent of SUN MICROSYSTEMS INC.

Sun and the combinat:on of Sun with & numeric suffix are trademarks o! Sun Micresystems inc.

Copyright @© 1984 Sun Microsysiems Inc



Sun-2 Model 50 Table of Contents

Table of Contents

1. Data Sheet

1.1. Features
1.1.1. Processor
1.1.2. Display
1.1.3. 170
1.1.4. Other Features
. Introduction
. Sun-2 Architecture Overview
2050 Board Bicck Diagram
. Sun-2 MMU Overview
. 2050 Board FloorPlan
. 2051 Board FloorPlan
. Specification Summary
1.8.1. CPU
1.8.2. Memory
1.8.3. Memory Management Unit
1.8.4. Dispiay Subsysiem
1.8.5. Ethernet Interface
1.8.6. Serial I/0 Ports
1.8.7. Other Features
1.8.8. Diagnaostic Features
1.S5. VME-bus Specification
1.9.1. Master Capabilities
1.9.2. Slave Capabilities
1.8.3. System Controller Capabilities
1.6.4. Power Monitor Capabilities
1.9.5. Environmental Characteristics
1.9.6. Power Characteristics
1.9.7. Physical Characteristics

—h e ad wd A Ld
DN O N WD

2. User Guide

2.1. Programming

2.2. MMU Implementation

2.3. Physical Address Assignments

2.4. Interrupt Ascsignments

2.5. Performance Data
2.5.1. CPU Speed
2.5.2. Video Memory Access Time
2.5.3. P1-Bus Access Times
2.5.4. DVMA Access Time
2.5.5. P1-Bus Reset

2.6. Connectors
2.6.1. J603: Serial Port A
2.6.2. J604: Serial Port B

)

-

OO O©OOOWODDMOMOMMODPOBPOMOONOOMBHEGLN = - 4



Sun-2 Model 50 Table of Contents ii

2.6.3..J6CS: Keyboard/Mouse 14
2.6.4. J700: Ethernet 15
2.6.5. J18C0: Video 15

2.7. Jumpers ‘ 16
2.7.1. Contiguration Jumpers 16
2.7.2. Permanent Jumpers, 2050 Board 17
2.7.3. Permanent Jumpers, 2051 Board 18

3. Theory of Operations 19
3.1. Ccnventions 19
3.1.1. Schematics 1S
3.1.2. Signa! Conventions 18
3.1.3. Component Conventions 20
3.1.4. State Diagrams 20

3.2. Major Blocks 21
3.3. Power 21
3.4. Initialization 21
3.5. Clock Oscillators 22
3.6. Derived Clocks 22
3.7.CPU ©23
3.7.1. Reset 23
3.7.2. Special Cycles 23
3.7.3. DTACK ) 23
3.7.4. BERR 24
3.7.5. Address Error Cycles 24
3.7.6. 68010 Cycle tc Memory 24
3.7.7. 68310 Write Cycle to Video Memory, Best Case 25
3.7.8. 68010 Cycle to I/0 25

3.8. DVMA Logic 26
3.8.1. Overview - - : 26
3.6.2. DVMA Cycles ~ .27
3.8.3. DVMA Arbitration Cycle 28
3.8.4. DVMA Cycle, Synchronous Memory 28
3.8.5. DVMA Cycle. Memory Refresh 29
3.2.1/0-Bus - 30
3.10. MMU and MMU Space Devices 31
3.10.1. Overview 31
3.10.2. Decoding 31
3.10.3. MMU Operation 31
3.11. 1/0 Devices 32
3.11.1. Overview 32
3.11.2. Decoding 32
3.11.3. PROMs 32
3.11.4. Timer 32

3.11.5. Keyboard/Mouse
3.11.6. Serial Communication Controller
3.11.7. Ethernet Contro! Register

88

Sun YMicraevetame Inn COoOMNmInENTIA! 17 Cimtakhse 1GC Y



Sun-2 Model 50 Table of Contents i

3.11.8. Data Ciphering Processor
3.11.6. 68010 Address Loac to DCP
3.11.10. 68010 Read/Write to DCP,.Best Case
3.12. P2-Bus Interface
3.12.1. Introduction
3.12.2. P2 Signals
3.12.3. P2-Bus Cycle
3.12.4. Panty Error Logic
3.13 Ethernet interface
3.13.1. Qverview :
3.13.2. Ethernet Data Link Controller
3.13.2. Ethernet DVMA Cycle
3.13.4. Ethernet Phase Lock Loop Deccder - U701
3.12.5. Ethernet Transceiver Interface - J700
2.14. VIAE Bus Intertace
2.14.1. VME Bus Utility Functions
3.14.2. VME Arbiter and Requestor
3.14.3. VME Master Interface
C.14.4. 68010 Cycle to VME Bus, Currently Busmaster
3.14.5. 68010 Cycle to VME Bus. Not Currentiy Busmaster
3.14.6. VME Slave interface
3.14.7. VME Interrupt Handler
3.14.8. 68010 Rerun Cycles
3.14.9. Rerun, VME Deadlock Case
3.14.10. Rerun, VME Rerun Case
3.15. Memory
3.15.1. Introduction
3.15.2. Memory interface
3.15.3. Memory Organization
3.15.4. Memory RAM and Bank Decoding
3.15.5. Memory Section Decoding
3.1£.86. Memory Drivers
3.16. Video
2.16.1. Overview
3.16.2. Videc Memory and Addressing
3.16.3. Video Memory Controller
3.16.4. Video State Machine
3.16.5. Video Interface to P2-Bus
3.16.6. P2-Bus Address Decoding
3.16.7. P2-Bus Request Generation
3.16.8. P2-Bus Intertace Timing
3.16.8. Video Controller
3.16.1C. Horizontal State Machine
3.16.11. Horizontal State Machine Timing Diagram
3.16.12. Verucal State Machine
3.16.13. Verucat State Machine Timing Diagram
2.16.14. Vicdeo Interrupt Logic

®

O
IS

ESBEEBLELEERS

%8&8%’88}3&'88%%‘3%888&888&&tﬁ&fs.{‘;.{}ﬁ

[ 0N6)]
w0 O

Sur Micresystems Inc CONFIDENTIAL 12 October 1634



Sun-2 Model 50

3.16.15. Video Clock and Shifter

Sun Microsvstems Inc

Table of Contents

CONFIDENTIAL

60



Sun-2 Mode! 50

S

~

List of Figur'es

List of Figures

Figure 1-1: Sun 2050 Board Architecture
Figure 1-2: Sun-2 Memory Management
Figure 1-3: Sun 2050 Board Floor Plan
Figure 1-4: Sun 2051 Board Floor Plan
Figure 3-1: DVMA Controller

Figure 3-2: Ethernetlinterface

Figure 3-3: VME Interface

Figure 3-4: Memory Interface

Figure 3-5: Memory Interface

)

.-

~ArAT etame T

AT ITAIT A

AN A e

NO O

26

41
49

w
r

~r o



Sun-Z Model 50 Data Sheet 1

1. Data Sheet

1.1. Features

1.1.1. Processor

e 32-bit VLSI CPU

1C 1Az operation with no wait states to main memory

ikt Bytes (64K) or 1/2/374M Bytes {256K) of main memory

1M Bytes (64K} or 1/2/3/41 Bytes (255K) ©f expansion memory
muliiprocess. demang paging virtuz! memcry management

iCh4 bytes virtua! address space per process

optional DES encryption processor

e o

[

1.1.2. Display

e dual-ported 128K Bytes video memory
e 1152 by 900 pivel display resolution
e 67 Hz non-interlaced video refresh

1.1.3.1/0

e integral Ethernet interface transfers directly into memory
s two programmable serial I/0 ports with {ull modem control
e two additional serial interfaces for keyboard and mouse

1.1.4. Other Features

¢ VME System Bus Interface

o DVMA (cirect virtual memory access) from VME Bus
¢ five programmable 16-bit timers

e 32K 10 128K Bytes EPROM

e extensive self-diagnostic capabilities

e triple-height Eurocard form factor

Sun Micresvstems Inc CONFICENTIAL 12 Octchar 1074
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1.2. Introduction

The Sun-2050 Board is a high-performance implementation of the Sun.2 architeciure on a single
400mm by 366.67mm Eurocard. The board includes the CPU. virtual memory managament. cptional
processor enhancements, one to four megabytes of main memory with parity errcr detection. 2 high-
resolution display subsystem, integral Ethernet and RS-423 interfaces. anc a dual-ported interface to
the VME-bus. ‘

The processor is based on the Motorola 68010 32-bit VLSI CPU. extended with the Sun-2 virtual
memory management unit (MMU). The processor executes from main mernory at 10 MHz witnout wat
siatss. The MMU was specifically optimized to support the demanc pzging regdirements ¢! the the
4.2 BSD version of the Unix (TM) operating system. It provides multipie. simultzneous process
centexts with up to 1€ megabyte virtual memory space each. In addition. the MMMU provides separate
acdress spaces for the system and for the user.

The Sun 2350 board centains 1M Bytes (64K RAM) to 4M Bytes (256K RAM) ¢f main me"n'\'\,. With
the Sun 2051 memory expansion board, ancther 1M Bytes {84K) to 4M Eyi2s (258K) of mam memory
can be added. 64K ancd 256K RAMs can be intermixed between the 2050 boarc anc the 2051 boarc.
and overall memory can be expanded in 1M Bytes increments. Memorv 1s equippec with byte parity
error detection.

Integral to the Sun-2020 Board is a high-resclution bitmap display subsystem teaturing & 1152 by
900 pixel display area and non-interlaced. 67 Hz refresh. The dispiay is refreshed out cf a dedicated.
dual-portec 128K Bytes video memory, which is logically part of main memory.

The Sun-2 Single Board workstation includes an integral Ethernet intertace. This interface uses a
VLSi Ethernet controlier that features high-performance frame handling and extensive diagnostic
capabilities. Ethernet packets are directly transferred in and out of main memory through the use of
direct virtual memory access (DVMA).

For serial 170, two highly programmable serial communication channels are provided featuring
software programmabie baud rates from 75 Baud to 19.2 KBaud and supporting asynchronous,
synchronous. or bit-stuifing protocols. Two additional ports are provided for keyboard anc mouse
interfaces. '

The Sun-2050 Board includes a bidirectiona!l interface to the VME Bus with master and slave
capabiliies. The board provides 24-bit address ancd 1€-bit data transfer capab:ities in both
directions. It also implements system controller functions such as arbitration, interrupt h(_ndhng,
reset. and power monitoring.

Other features of the board include an optional DES encryption processor, programmable timers,
and an identification PROM providing software-readable serial number and Ethernet address.

The board also includes extensive facilities for soltware and hardware diagnostics. Among them
are a bus-error register, a diagnostic display lor displaying error messuges, a watchdog timer for
automatic restart, and powerup self-tests.

Sun Microsystems Inc CONFIDENTIAL 12 Ocioher 1084
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1.3.Sun-2 Architecture Overview

The 2050 Board implements a Sun-2 architecture machine. The complete specification of the
architecture 1s contained in the Sun-2 Architecture Manual. The following is a brief overview of the
architecture and its implementation on the 2050 Board.

The Sun-2 architecture is divided into three spaces: the CPU space. MMU space. ancd Device
space.

The CPU space comprises the central processing unit (the "CPU") tcgether with coprocessors,
such as the floating point coprocessor, anc¢ DVM4& masters, such as the Ethernet interface.

The L4MAU space is the core of the Sun-2 architecture. It includes he Sun-2 memory management
unit {the "MMU") as well as all other Sun-2 architecture ext—nsmnst he CPU. such as the bus error
recister. the system enable register, the diagncestic register. and the ID-FROM. The ID-PROM
contains a unigue serial number and configuration cata for a parucular implementatior of the
architecture.

The Device space of the Sun-2 architecture defines what d=vices exist in the architecture anc how
they are accessed. These devices include main memory. the sysiem bus. and 170 devices.

All CPU accesses to device space pass through the MMU and thus are transiated and protected in
an identical fashion. In adcition, direct memory accesses by /0O devices also pass through the
memory memory management and thus operate in a fully protectec environment.

SUn decrosn‘«stems Inc CONF‘DE"‘T,AL 12 Ocinbor 1002



Sun-2 Model 50 Data Sheet 4

1.4. 2050 Board Block Diagram

Figure 1-1 illustrates how the CPU, MMU. and devices are interconnected on the 2058 Boarc.

CcPU Sun-2
68010 Victual AgZress MMU Physienat AdArpee
kg B i 1
10 MH2 ' I
\7 \/ NG
Eihernet VME vME Ma;n Vigeo
interiace Slave Mester Memory Memory
a1 T /- e . l
Data Bus N ’ . \] l NG
}l— D PROM —— DBoot PROM
r— System Enabiec Register b Timer
—— Diagncstic Register ——— SernzlLine Intertace
— Bus Error Register —— Keyboarc/Mouse
— Encryptlion Procesor

Figure 1-1: Sun 2050 Board Architecture

The CPU sends out a virtual address that is translated by the MMU intc a phvsical address. The
CPU. Etnernet iInterface. and VME Slave Intertace arbitrate for and share the virtual addiess bus on
the left side of the MMU. The VME Master Interface. Main Memory. Video Memaory, and 170 Devices
are addressed with physical addresses on the right side of the MKU.

Sun Microsystems Inc CONFIDENTIAL 12 October 1984
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1.5.Sun-2 MMU Overview

The Sun-2 Memory Management Unit provides address translation. protection, sharing. anc
memory allocation for multiple processes executing on the CPU.

The memory management consists of a context register. a segment map, and a page map. Virtual
addresses from the processor are translated into intermeciate addresses by the segment map and
then into physical addresses by the page map.

The memory management uses a page size of 2K Bytes ang-a seoment size ¢i 32K Sytes (gring 18
pages per segment). Up to 8 contexts can be mapped concurrently. The maximum virtual address
spece for each ccniextis 16M Bytes.

Figure 1-2 shows how virtual addresses are translated into physical ones.

Context
(3} {2) (9) (a) (11}
Register
usr® | sys¥ segment & page # Byte #
Segment Map (8)
pmeg &

Page Map ] e F3 -fe ® -1 -2

v P Type S Reserved Physicai Address

.- Type = O : Main Memory

V = Valid Bit Type = 1:input/Output

P = Protection (rwxrwa) Type = 2: VME 0-8 MB

S = Statistics (acc/moc) Type = 3:VMEE- 16 MB

Figure 1-2: Sun-2 Memory Management

Sun Microsystems Inc CONFIDENTIAL 12 Octcher 1084
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1.6. 2050 Board FloorPlan

Figure 1.3 gives an cverview of layout of the 2050 Board. which is the main CPU boarg.

Keyboard/ -
Mouse E 170 Devices CPU + MMU P-1 Bus
+ Ethernet Bus interface '"VME Bus
Serial A l— -
l,_ Clocks P-2 Bus
. Memory Bus
Senal B L Main Memory ’
Video Memory 1 MByte (64K) o
Ethernet f'L' (128 KB) 4 MB (256 K) ] .38
-3 Bus
Power Bus
Video E

Figure 1-3: Sun 2050 Board Floor Plan

The connectors on the backplane of the board are called the P1, P2, and P3 connectors. The P1
Connector carries the VIME Bus. also referred to as the P1-Bus. The P2 Connector serves for the
memory expansion bus. or the P2-Bus. The P3 Connector powers the board.

The connector on the input/output side of the board are.”in sequence from top to botiom' [J4605]
Keybcard/Mouse Connector, [4603) Serial Port A, {604} SeriatPort B, {4700] Ethernet Port, and
[J1800] Video Connector.

Sun Microsvatems Ing CONFIDENTIAL 12 Orioher 10824
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1.7.2051 Board FloorPlan

Figure 1-4 gives an overview of layout of the 2051 Boarc. which 1s the memory expansion bozrd.

P-1 Bus
VME Bus
Input/Qutput
Expansicn B
P-2 Bus
_ Memory Bus
Main Memory
1 MByte (64K) B
4 MB (258 K) B
Input/ P-3 Bus
Output ~ Power Bus

Figure 1-4: Sun 2051 Board Floor Plan

The connectors on the backplane of the board are called the P1, PZ. and P3 connectors. The P1
Connector carries the VME Bus. also referred to as the P1-Bus. The P2 Connector serves for the
memory expansion bus, or the P2-Bus. The P3 Connector powers the board.

The piggy-back connectors on the board provide for expansion with one ingut/output boarc. i.e., a
floaung point processor board. The connector at the lower left of the board provides an interface
from the input/output board to the outside.

Sun Microsvstems Inc CONFIDONTIAL 12 Ocioler 10204
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1.8. Specification Summary

1.8.1. CPU

e ME2C10 CPU. 10 MHz
1.8.2. Memory

e 1M Evtes {64K) or 1/2/3/4M Bytes (256K) of main memory

e 1M Bvies (63K) or 1/2/3/4M Bytes (256K) of expansion memory
e high-speed. no-wait state operation

e transparent harcware memory refresh

e byte parity errcr detection

1.8.3. Memory Management Unit

e Sun-2 memcery management unit

¢ two-level. muitiprocess virtual memory management

o {ull support fcr demanc paging

e 16M Byies virtual address space per process

e separate address spaces for supervisor and user

e valid. accessec. anc modified tags 1o assist paging algorithms

e separate reac. write, and execute tags for user and supervisor accesses

1.8.4. Display Subsystem

e dedicated dual-ported video memory
¢ 1152 by 80C cisplay format
¢ 100 MHz video clock-

1.8.5. Ethernet Interface

e VLS! Ethernet controller (82586)

¢ digital phase decoder

e packets transferred directly in and out of main memory
e exiensive diagnostic capabilities

1.8.6. Serial 1/0 Ports

» two programmable serial 1/C ports

e basec on synchronous communication controtler (8530)

e software programmable baud rates (75 baud to 19.2 kilobaud)
e asynchronous. synchronous. anc bit-stuffing protocols

» two serial ports tor keyboard and mouse

Sun ticigsyetame mn COMNFIDENTIAL

12 Octobar ¥

0
1>



Sun-2 Model 50 Data Sheet

1.8.7. Other Features

¢ VIME Svystem bus interface

e DVIMA (direct virtual memory access) from VME Bus

e cpticnal DES encryption processor (AMD 9518)

e up 10 128K Bytes EPROM (27128, 27256, 27512)

e iive programmavole 16-bit timers (AMD 9513)

e software interrunt capability

e soitware readable identification PROM ({storing serial number anc other informaiicn)

1.8.8. Diagnostic Features

e diagnostic LED display
e bus error register

e v.atchdog reset timer
e bus imeout timer

1.9. VME-bus Specification
1.9.1. Master Capabilities

e Data Bus Size: D16 MASTER 16-bit/8-bit data

e Address Bus Size: A24 MASTER 24-bit/16-bit addresses

e Timeout Option: TOUT(100 USEC) 100 microsecond timeout period
e Sequential Access: None

e Interrupt Handler: IH(1-7) STAT Level 1 through 7, jumperable

e Requestor Option: ROR R(3) Release on Request. leve! 3

1.9.2. Slave Capabilities

e Data Bus Size: D16 SLAVE 16-bit/8-bit data

e Address Bus Size: A24 SLAVE 24-bit-only addresses
e Sequential Access: None

e Interrupter Options: None

1.8.3. System Controller Capabilities

e Clock Option: SYSCLK 16 MHz, jumperable
e Arbiter Option: ONE Bus Request Level 3 Only
e Note: The 2050 Board must be the System Controller in a VME System.

Sun Microsvstems Inc CONFIDENTIEL 12 Octobher
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1.9.4. Power Monitor Capabilities
o ACFAIL Cption: ACFAIL asserted when VCC < 4.5V

e SYSRESET Option: SYSRESET asserted guring CPU Reset
o SYSFAIL Option: SYSFAIL not used

1.9.5. Environmental Characteristics

e Cperating Temperature: 10-55C
¢ Humidity: 0 - 80 %. non-condensing

1.9.6. Power Characteristics
e 12 Amp max &t +5 Volt +-5%

e 0.3 Amp max at +12 Volt +-5%
e C.5 Amp max at-12 Volt +- 5%

1.9.7. Physicel Characteristics

e Height: 386.67 mm (14.44")
e Width: 2C0.00 mm (15.75")
o Depth: 40.64 mm (1.6")

e Weight: 1788 g (64 oz)

\Q"‘fi bl mrpert e C';\"‘.’_,



Sun-2 Model 50 User Guide 11

2. User Guide

2.1. Programming

The 2050 Boarc implements the Sun-2 Architecture, Machine Type 2. The full architecture is
documented in the Sun-2 Architecture Manual and no attempt is made to repeat this information here.
However. this section does describe the features specific to this implementation of the architeciure.
2.2. MMU Implementation

The LMY of this machine type implements a page number field of 12 bits. It thus supports a
phyeical address of 23 bits, capabie of addressing 8M Bytes. The other physicai address bits in the

page map are not implemented. When read, those bits not implemented remain undefined.

2.3. Physical Address Assignments

Type hddress Device Wait States
0 23-bit Memory Bus
[0x00CC2G0] Physical Memory 1..8M Bytes 0
1 23-bit 1/0 Bus
{0x000C00] BW-Video Memory 1 (Write), 4..8 (Read)
[0xC2000¢C] Video Control Register 2
[0x7F0000] EPROM 2
[0x7F0800] Ethernet Interface 2
[0x7F1000] Encryption Processor 2..8
[0x7F1800] Keyboard/Mouse Interface 2
[Cx7F206C0] Serial Port 2
[0x7F2800] Timer 2
[Gx7F2000] Reserved 2
[0x7F380C] ‘Reservec 2
< 23-bit P1-Bus or System Bus
[0xCC0000] 0..8M Bytes VME 24-bit adoress 1 + device access time
3 23-b1t P1-Bus or System Bus
[0x00050GC] 8..16M Bytes VME 24-bit acoress i + device access time
[Cx7F0000] 64K Bytes VME 16-bit address 1 + device access time

L g L e etttk
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2.4. Interrupt Assignments

The foliowing table summarizes the interrupt level assicnments for the devicas that have been
described in this manual. All these interrupts are autovectored.

TIMER?
Seraa’ Port
TIMERZ..S
VIDEC

Ethernet cr system enadle register EN.INT3
Sysiem enable recister EN.INT2
Syster enadle recister EN.INT!

---------------------------------------------- A mmw--

W sE OO

In addition. the VME-bus can cause vectored interrupts on ali levels. Individual VME-bus interruct
levels can be disablec with jumpers.

2.5. Performance Data

2.5.1.CPU Speed

CPU clock cycle: 101.72 nsec (2.8304 MHZ)
CFU basyc cycle: 406.90 nsec

2.5.2. Video Memory Access Time

Read accesses are unbuffered and will cause 4 to 8 wait states. Write accesses to the video
memory are buffered. However, subsequent read or write accesses will have 10 wait until the video
memory has completed the requested operation. Write accesses to the video memory via the copy
mode will cause the same behavior as direct write accesses.

2.5.3. P1-Bus Access Times

This section describes the access times of the P1-Bus. The time to complete a P1-Bus access
censiste of three elements: overheac. the cost of P1-Bus acquisition if the 2050 toard is not currently
P1-Bus master, and the actual access time of the P1-Bus device.

The total number of wait states fcr 2 P1-Bus access can be computed by the following formula:

1 WS (overhead) + 2 WS (bus acquisition time if board does not have bus mastership and bus is
idle) + access time of P1.Bus device divided by the clock period of the CPU rounded up to the
nearest integer number.

Sun Yicrosvstemeg ime CONFIDENTIAL 12 Ortrhar 1084
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2.5.4. DVMA Access Time

DVIAA cycles from the P1-Bus are serviced after the current CPU cyclie completes and after
pending memory refresh cycles are executed. Thus DVMA cycles exhibit a variabie access time that
ranges from 0.7 microseconds in the best case to 1.5 microseconds worst case with an average of
about 1.0 microseconds.

Atter a CVMA cycle has executecd. a CPU cycle will start before another DVMA cycle is grantec.
This msans that the cycle time for DVMA is one DVMA cycle plus at least one CPU cycie. Thus the
CVMA cycle time will be in the range of 1.1 to 1.8 microseconds with an average of 1.4 microseconds.
as long as the DVIiA master can generate transfers at this rate.

2.5.5. P1-Bus Reset

The 2050 Board can be configured either as a P1-Bus Reset Master or Slave.

As a P1.Bus Reset Master, the 2050 Board issues Reset to the VME Bus. Fower-On Reset,
Watchdog Reset, and 68010 Reset will all assert P1-Bus Reset. Other P1-Bus devices may also assert
Pi-Bus Resetl. but this will have no effect on the on-board CPU and devices.

As a P1-Bus Reset Slave. the 2050 Board receives Reset from the VME Bus. but does not &rive
Reset to the VME Bus. The VME Bus Reset has the same eftect as an on-board power-on-reset.

Qor Viirrmcvetame Inm COMCINENTIAL A T A R et
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2.6. Connectors

User Guide

14

This section documents the pinout of all the connectors usec on the Sun 2050 board.

2.6.1.J603: Serial Port A
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2.6.4. J700: Ethernet

Rk L T T R

| 1 | ===- |} 9 | E.COL- |
| 2 | E.COL+ | 10 | E.TXD- |
| 2 | E.TXD+ | 11 | ==== |
| & | ==== ] 12 | E.RXD- |
| 5 | E.RXD+ | 12 | +12v |
| & | GND | 12 | -e-- |
| 7 | vee | 18 | ==-= &
I B IR R

D R R L e e

D L L L L T

P L L L

| 1 | VIDEO+ | 6 | VIDEO- |
| 2 [ ===- | 7 | GND |
| 3 | HSYNC | 8 | GND I
| & | VSYRC | 9 | GWD I
I

B e e L R R

~ () . . la e Rk R N
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2.7. Jumpers

This section describes all the jumpers used on the board. In the following listing. each group of
jumpers denotes exclusive combinations. That means. within each group only one jumper

combination may be active at a time.

User Guide

2.7.1. Configuration Jumpers

These jumpers allow confiquration of the 2050 Board for specific applications. Default Jumpers are

marked with an asterisk (*).

- - .~ = = . = = = e e me .-

B Lk T T T R S

Level

2/Level

1 Ethernet Transceiver

j*JEC0 |
j*383C |
1°3800 |
j=J800 |
jeJece |
|=J&30 |
1°J800 |

Enabl
Enabl
Enabl
Enat)
Enabl
Enadl
Enabl

e/Disabdle
e/Disable
e/Disable
e/Disatle
e/Disahle
e/Disable
e/Disadle

VME
VME
VHE
VIE
VME
VME
VME

Interrupt Level
Interrupt Level
Interrupt Level
Interrupt Leve!
Interrupt Level
Interrupt Level
Interrupt Level

e I e ha b SRR U SR Sy A S S MU

Address Comparator A20=0/1
Address Comparator A21=0/1
Adoress Comparator A22=0/1
Address Comparator A23=0/1

B e e sy g S S

1°9900 | 1
|*J900 | 3-
]*3906 | 5
j*Jc00 | 7

D e e e

Enabl
Enabl

e/Disable
e/Disable

VME
VME

Reset Master
Reset Slave

Rt b e e R bk F R A I AP

D e kT T i U S S

]°21600 | 1-2
]*5i600 | 3-4
1=21600 | 5-6
|*1800 | 7-8

S im b mrme At fmm

Videc
Vadeo
Vigdec
Videc

Register
Register
Register
Register

Sense Bt

Sense Bit

B A S g i i g g S i g

ATy .
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2.7.2. Permanent Jumpers, 2050 Board

The following jumpers are factory instalied and are normally nct modified. Those installed normally
are indicated with an asterisk ().

L L R R R T e L L T

{ LABEL | PINS | DESCRIFTION IN/OUT ]

|*J230 | 1-2 | Enatle/Disable UART Clock |
{=J200 | 3-4 | 10/12 MHZ CPU operatiop |
} 3208 | -6 | 12710 MHZ CPU operation |
| Jzod | 7-8 | Reserved |
| J200 | ©-10 | Reserved |
1*3200 | 11-12 | Enable/Disable Ethernet Clock |
|*320C | 13-14 | Ernatle/Disable Memory Refresh |

- - = - - . = - - . . = .- ., e ...

L R R R L L e

| J500 | 1-2 | PROM TYPE = 27128 |
j*Jsse | 3-¢ | PROM TYPE = 27256 or 27512 |
}=J500 | 5-6 | PROM TYPE = 27128 or 27128 |
| J560 | 7-8 | PROM TYPE = 27512 |
| J1201 | 1-2 | Enable/Disable 2nd megabyte (256K RAM)|
| J1201 | 3-4 | Enable/Disable 3/4 megabyte (256k RAM)|
}*J1201 | 5-6 | 64K/256K RAMs |
| J1201 | 7-8 | 256K/64K RAMs i
131201 | 9-10 | 64K/256K RAMs |
-1 -31201 | Y1-12 | 256K/64K RAMs i
121201 | 12-14 | 64K/256X RAMs |
| J1201 | 15-16 | 256K/64K RAMs ]
| J1G00 | 9-10 | Reserved |
| J1600 | 11-12 | Reserved "~ -~ = |
}*J1660 | 13-14 | 10/12 MHZ CPU operation |
| J1606C | 15-:0 | 12730 MHZ CPU operation - |
}eJ1801 | 1-2 | Enable/Disable 100 MUZ Video Clock |

- - - = > " = - - -

D e R

| 27128 | J600 | 1
| 27256 | J600 | 3-4 and 5-6 |
|3

| 27512 | J600

Coim Y mrmrrtmrme i~ lata S il Eatad S I L R s ]
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2.7.3. Permanent Jumpers, 2051 Board

On the memory expansion board, there are jumpers for ditferent memory sizes. The jumpers are
factory installed and are normally not modified. For a 1 megabyte base board. the jumpers for the
memory expansion board are as follows, organized by memory size on memory expansion board:

- > - =~ - - = -~

| SIZE | JUMFER| JUMPERED RINS |
| 1 MB | J2200 | 3-4 I
| 1+ MB | J220% | 5-6, 9-10, 13-14 I
| 2 MB | 2200 | 3-4, 5-6 |
| 2 MB | J22C3 | 3-4. 7-8, 11-12 |
| 3 ME | J2200 | 3-4, §-6. 7-5 |
| 3 MB | J22C1 | 7-8, 11-12. 15-16 I
| &6 MB | J2200 | 3-4, 5-6, 7-8, 9-10 |
| ¢ MB | J22C: | 7-8, 11-12, 15-16 |

- - - = = .- .- -

In adcition. the 2051 Board has a jumper block for the daisy chained VME-bus grant lines and the
VME -bus interrupt acknowledge chain. These jumpers are installed in systems that need to daisy-
chain those VME-bus signals. :

P T e

| 32100 | 1-2 | BUS GRANT 0 |
| 22160 | 3-4 | BUS GRANT 1 |
| 22100 | 5-6 | BUS GRANT 2 |
| 22100 | 7-8 | BUS GRANT 3 |
| 32100 | 15-16 | 1ACK CHAIN |

J T L LT T A L L

Qiin Mimrmrcictame tnn COMTIMNINT “an S « e
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3. Theory of Operations

This chapter describes the theory of operations of the 2050 Board ancd the conventions that are
usec in the schematics.

3.1. Conventions

This section describes the conventions employed in the schematics anc the documentation of this
board. The discussion assumes that the reader has a working knowledge of digital electronics and
has access to descriptions of the components used on the board.

3.1.1.Schematicsh

The schematics is contained in the file with extension ".PRE". The suffix of the schematics file
names reflects the drawing page number.

3.1.2. Signal Conventions

Whenever possible, standard drawing conventions are employed. Signal flow is shown from left to
right. anc top to bottom.

Both active-high and active-low signais are used. A signal name that is followed by a minus ("-")
indicates that the signal is asserted active low (<0.4V), e.g. OE-. Conversely, a signal that is not
followed by a minus is an active high signal (>2.0V).

For signals with multiple meanings or synonyms, the synonyms are listec separated by a slash "/".
For example, the signal name for a read-write signal that is active low for write is "READ/WRITE-"

Signals that are part of busses are indicated by a common prefix followed by a number. For
example. a 16 bit data bus might be labelled "D0". "D1", "D2", and so on to "D15". A group of
signals that are part of a signai vector are denoted by a common prefix separated by the suff:x with
".". For example. all P1 signals start with the prefix "P1."

Connector signals are distinguished by a suffix of "[]” with an optional string enclosed inside the
square brackets identifying the connector name.

Snin MirrAacuetame Inr CONFIDENTIAL 10 Nrtmlinr 1QC 4
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3.1.3. Component Conventions

Components are identitied by componen{ name (e.g. 74LS0C0), component locaticn (e.g. U100), and
properties if required (e.g. 100-OHM).

Component names (also referred to as Body Name in the wirelist) indicate the type of component
being used. The component name is derived from the “generic" or industry standard name.
Component names are translated into Diptypes that specify the physical ccmponent associated with
the comnecnent name. There is only one diptype for compenents that are sections of the same
physical package (e.g. four 74LS00 gates form one 74LSCO diptype}. Diptypes are translated by the
parts list into manufacturer codes anc part names.

Component locations provide a unigue designator for the component. They are chosen to indicate
the schematics page on whch the component is located. For example, component U100 is most likely
posiioned on page 1. Component locations consist of one letter foliowed by one to four digits. The
letter indicaies the type of component and is one of: )

Letter Component Type

C Stancard Capacitor

D Dicce

X £iectrclytic Capacitor

L Inguctiance

X Decoupling Capacitor

J Jumper cr Connector

R Resistor

) single-in-1ine component
U oual-1n=-line component

Location labels are cross-indexed in the wirelist into diptype and component names and locations
on the schematics.

Component Properties help to further specify a generic component. Three types cf properties are
used:

Property Meaning Example Interpretation

: Value Specrficzticn :10-UF This capaciior has & value of 13 UF

= Reference =A5CC This part is referred as part A50C

- Accitive Property +S3¢C ACC a 40-r1n soChel tc this compenent

B T e i R

3.1.4. State Diagrams

State Diagrams are drawn to the following conventions:
1. Left to right with incrementing state numbers along the horizontal axis.
2. Signal transitions represent the actucl logic levels of the named signal.

2. Signals are represented without propagation delays.

Qiin briacuetnme Inr Crrismen ™ol AIGEET L TR Rl
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3.2. Major Blocks

The major logic blocks are:

e Power

e Initialization

o Clocks

e CPU

¢ |0-Bus Intertace
o MMU

e /0O Devices

e P2-Bus Interface
e Memory

e Video Subsystem
e Ethernet interface

3.3. Power

Refererice: Schematics Page 19

The 2050 Board uses + 5V for all of its onboard logic. It also requires a +12V for the Ethernet
transceiver anc a -5V for the RS423 drivers and the Video ECL circuitry. The -5V is generated from
the -12V supply by on-board regulator [LM337:0137). Signal [-5VR] connects to the UART connectors
pin 25 to terminate that line.

3.4. Initialization

Reference: Schematics Page 19

The 2050 Board includes a power-on/power-off reset generator that provides an accurate reset
pulse. The circuit uses a dual comparator [tM393:u133]. a 1.2 Volt reference voltage [LM355. 0101]
charge capacitor [K: K100] and resxstor network [R:R100..R107].

The first comparator forms a power-on reset generator by comparing the voltage from the charge
capacitor with the reference. This comparator asserts its output until the voltage across the charge
capacitor corresponds to a VCC of 4.5 Volt. The second comparator forms a power-oft reset
generator by comparing the + 5V supply with the reference. This comparator asserts its output when
the + 5V supply voltage is below 4.5 Volt without the charge delay incurred by the first comparator.
The output of both comparators is wire ORed so that signal power-on-reset [POR] is active when
either comparator asserts its output.

Sun Microsystems Inc CONFIDENTIAL 12 October 1084
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3.5. Clock Oscillators

Reference: Schematics Page 2

The 2030 Board has 4 independent clock oscillators on board. They. are:

o 10-MHz CPU clock and constant clock (19.6608 MHz) [K1114A:0U200].
o 12-MHz CPU clock (24.0000 MHz) [K11148A:U201]}.

e Etharnet clock and VME system clock (16.0000 MHZ) [K1114A:U202].
e Video clock (100.0000 MHz) [K11144:U1800].

'n aaZiion. the Ethernet PLL [MB3502:U701] features its own cryste! osciiizicr with @ frequency o
100 MMz, All clock oscillators have disconnect jumper for ATE test purposes. The 12-M~z CPU
Ciock is installed only if the board is cenfigured for that frequency.

3.6. Derived Clocks

The system clock is the particular CPU clock for which the board is configured civided by two in
flichicp [74F74:u203-0). Counter [74LS590:U211] divides the system clock into clocts for the cat
ciphening processor, the timeout counter. ang the refresh clock. Counter [7415383:0212-1] divides
the constant clock [C.514] into clock [C.204]) for the UART anc the Timer.

The clock strobes [C.S4, C.S5, ETC] are derived from transitions on the system clock and enabled
with processor address strobe [P.AS] as illustrated in the figure below for a 12-state cycle.

66010 State 0 1 2 3 4 5 6 7 8 9 10 11 12

C.100 e e meme___ emem_ mmme___mmee___==--

P.AS- T DL T S

€.s¢ e

Sun Liinrmavatame Ine . COMFIDENTIAL ISRk iole bk alciy
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3.7.CPU

Reierence: Schematics Page 1
3.7.1. Reset

CPU Reset is generated by PAL [P16R4:U109] under three conditions:

e Fower-On-Reset: The power-on-reset generator asserts [POR] that causes PAL
[P16R4:U109] 10 assert processor reset.

e £rierne! Rese:: It the 2030 Board is configured as a rese! stave, then VME System Reset
[P1.SYSR] asserts RESIN that causes PAL [P16R4:U109] t0 assert processor reset

e WWatchdog Reset: If the CPU halts it asserts [P.HALT]. In this case, PAL {P16R4:U109]
automatically gener'étes processor reset to continue processing.

3.7.2. Special Cycles

In the discussion below, reference will be made to specia/ cycles. A special cycle is one in which
tne 68010 function code is neither program or data. Special cycles include CPU space cycles (FC =7)
anc MMU space cycles (FC = 3). Supervisor program fetches in Boot state, which are forced to read
from the Boot PROM, are also treated as special cycles.

Special cycles are recognized in PAL [P16L8:U101] and cause signal [Q.SPECIAL] to be asserted.
[a.sPECIAL] inhibits the assertion of [0.CAS]) in flipflop [74F74:uU204], inhibits the assertion of [P.BERR]
in PAL [P16L8:U103]. and selects signal [SPwaAIT] as source for DTACK in selector [74F151:U118].
Thus curing special cycles no bus errors can occur, and the source for the [DTACK] is [SPWAIT].

3.7.3. DTACK

The CPU uses a number of handshake signals to generate the timing required by the devices it is
accessing. The fcllowing table gives the source of the DTACK for the different page types anc special
cycles.

D L T e kb e L L

Condition Device DTACK

TYPE=0 Main Memory CS4 * (READ + =~F2.WAIT)
TYPE=1 Video Memcry CS7 * -P2.WAIT

TYPE=1 170 CS7 * -P2.WAIT

TYPE=2 VME P1.DTACK

TYPE=3 VME P1.DTACK

FC=06 A BOOT EPROM CS7?

FC=3 MMU Access Ccs7?

FC=7 A-A19 Breakpoint Internal

FC=7 A LOCAL Autovector Internal

FC=7 A-LOCAL VME Interrupt P1.DTACK

Lt e T

The handshaking is implemented with selector [74F151:U118] in conjunction with PAL
[A101=P16L8:U101] and PAL [A106 = P16L8:U106].

Qitm Mirramiatamme lon AR IT) A an o~ P
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3.7.4. BERR

Bus error can occur under the following conditions:

o Invalid Page Entry

e Protection Error

e Parity Error Lower Byte
e Parity Error Upper Byte
e \'NME Bus Error

e Timeout

These error concitions, together with signal [Q.SPECIAL] are ORed in gats [74ALS20:U130] asserting
[@.ERROR]. VWhenever [Q.ERROR] is active it disables all read-write strobes by disabling strobe decoder
[74F138:0400] and 17O decoder [LS2521:U403].

If [Q.ERROR] occurs in a non-special 68010 cycle. three things happen. First, PAL
[A103 = P16L8B:U103] asserts [Q.BERR] atter state [C.S5], thereby aborting the current cycle. Second,
the PAL generates [0.BERRCLK] which latches the error condition into the bus error register
[ALS534.U511]. Thirc. the PAL cleares the parity errcr flipflops [7¢F74:U424] with signal [Q.PARCLR] in
case they were set. .

3.7.5. Address Error Cycles

During address error cycles, the 68010 asserts address strobe but no data strobes. The effect of
_ this is that a normal cycle is executed; however, since no data strobes are active no read or write
strobes are asserted via decoder [74F138:0400]. The statistic bits in the MMU are updated on address
error cycies.

3.7.6.68010 Cycle to Memory

68010 cycles to memory execute normally without wait states by asserting DTACK at state 4. The
only exception to this is write cycles to memory that are shadowed to the video memory (in video copy
mode). In that case. signal [pP2.waIT] will delay subsequent write cycles until it is deasserted,
indicating that the video memory is ready to accept additional write requests.

66C10 State 0 1 2 3 4 5 6 7 0

C.160 e === --

P.AS=  eeemeeme emeee-

P.DS- (READ)  ===m==ee_  eeeee-

P.DS- (WRITE)  =ee=-emmcmmcmcooe =~ —--e-e-

P.DTACK- ==seescesccmmmee_  =emee-

Com M rcrcictama thna AT T T Ay TN e
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3.7.7.68010 Write Cycle to Video Memory, Best Case

68010 write cycles to video memory generate DTACK at state 5, causing 1 wait state. Cycles will be
longer if a previous videc memory cycle has not compieted yet.

T BEJIC State 0 1 2

(8]
»
w

6 7 8 9 10 11 12

c.160 RS S LS St L LI L

PRS- mmmmeeee eeeeeeeeeeeee-

P.OS- (WRITE)  =coe-emmcocmeomee -eeeeceeoceceeee

P.DTACK- = e=cccccccacccccece==_ ____ __ eeecccccccccecee-

3.7.8.68010 Cycleto1/0

6601C Cycies to 1/0 generate DTACK at state S. causing 2 wait states. Cycles to the cata ciphering
processor use special timing described in the data ciphering chip section. :

68310 State c 1 2 3 4 5 6 1 8 9 10 11 12
€.100 e e e ---- ——— -
_P.AS- D emmm— e
"RO/WR.10- emeeeeiemaeaod ———- -

P.DTACK- L T .



Sun-2 Model §0

3.8. DVMA Logic

Theory of Operations

Reference: Schematics Page 2, Motorola 68010 Data Sheet.

3.8.1.Overview

26

The DVMA Controller takes requests from DVMA devices. obtains the processor bus from the
68010. anc performs a read/write cycle for the device, generating appropriate function codes and

strobes.

The ZVIAA Davices in their oréar ol priority-are:

e Refresh
e tthernet
L ] \'ME-bUS

Figure 3-1 shows how the DVMA Controller and Strobe Generator interface to the 68010.

Retfresh
Request™

Ethernet
Request

External
Request

DTACK

Timeout

68010 CPU
BR 8G
\/
1  DvMma —>
Controller
—> —
> —>
—1 Dbvma >
Srobe Generator -
— —

Refresh
Enable

Ethernet
Enable

External
Enable

Function Codes
Adcress Strobe
Data Strobes

Figure 3-1: DVMA Controller
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N
=1

3.8.2. DVMA Cycles

DVMA requests are posted in the request flipflops [74F74:0207-0, U207-1, U203-1) with the rising
edge of the signals [R.REF, E.AS, X.DMA], respectively. The request flipflops are reset by signals
[R.DMAEN, E.CLR, X.DMAEN] respectively.

Posted DVMA requests are synchronized with register [74F374:0213) before entering the DVMA
controllier PAL [P16R8:u214]. The DVMA controller PAL prioritizes the incoming requests, issues a
bus request to the €8010 [s.BR]. then waits for the 68010 to release the processcr bus by watching
68010 bus grant [P.EG] anc the end of 68310 adcess strobe [P.aS]. betore asserting the DVIMA enable
corresponding te the reguest.

In additicn. the DVMA controller PAL generates a DMA-cycle signa! [s.DM2] that enables the tri-
state bufters in the DVMA strobe PAL [P16L8:U215] to drive the function codes {P.FCC..2}), address
strobe [P.AS]. and data strobes [P.UDS, P.LDS) and Ethernet read/write strobes [E.WE, E.OE]. Function
Coozs. data strobes. anc device codes are asserted as follows: ‘

F R R L E R L T T T T Y

DVMA DMA LDS uos FC Space
REFRESH 3 0 0 7 CPU Space
ETHERNET 2 1 -~E.AG 5 . System Data
EXTERNAL 1 X.LDS  X.UDS 5 System Data

D L L T e ket

Address strobe [P.AS] is asserted one state after [S.DMA]. being enabled by signal [S.ASON] that is
one clock cycle delayed from [S.DMA]. Address strobe is terminated with [S.ASOFF] from the DVMA
controller PAL. [S.ASOFF] is asserted on refresh cycles when [S.ASIN] is received, and for all other
cases when 'signal [Q.s7] was received. indicating normal completion, or signal [S.ERR] incicating
timeout. Since [Q.S7] is derived from the bus handshake signal [P.DTACK] the DVMA controller is able
to perform transfers to asynchronous bus devices.

L N
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Theory of Operations

3.8.3. DVMA Arbitration Cycle

28

Arbitration occurs concurrently with ongoing bus activity. The 68010. after receiving a bus request
{p.BR-] issues a bus grant [P.BG-]. When the DVMA controller sees bus grant and address strobe
[p.aS] deasserted, it acquires the bus and asserts the DMA Enable.

3.8.

OVMa-State
€.100

X . DMAREQ-

(]

_DMAREG-

F.BR-

w
o
(2]
—
z
]

”n
>
w
—
2
'

S-State
C.100

X .DMAEN-
S.AS-

S.ASIN-
Q.
Q.

0s-
S?
68010_0-

6E801C_AS-

i b omrmclicdnmie Tm

0 1 2 3 4 5 6 7 8 9

B T R R N
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3.8.5. DVMA Cycle, Memory Refresh

Memory retresh requests are generated every 12.8 microseconds by a low-to-high transition of
output [C.12800] of synchronous counter [74LS520:U211). This transition sets signal [R.DMAREQ] in
flipflop [74F74:0207-0]. which in turn is sychronized in register [74F374:0U213) and causes a refresh
cycle in DVMA controller [P16R8:U214). During the refresh cycle [R.DMAEN] is asserted which output-
enables refresh counter [74LS590:U210] and with its trailing edge advances the refresh counter to its
next siate. The refresh counter drives address lines [P.£02..09] which constitute the row-acddress
reiresh addresses of the RAM chips. During refresh cycles. both tanks of memory are enableZ. This
is done via PAL [P16L8:U108] asserting both [Q.BANKO. G.BANK 1] causing the RAS generation logic to
2ss=ri both [P2.RASO. P2.RAST].

Refresh cycles are shorter than other DVMA cycles in that they only last for eight states. This is
shown in the timing diagram below.

S-State C 1 2 3 4 5 6 7 € 1 ic 12 12 13 14 15

€.100 e e e e e mmme meee -e--

p.OMAZN-  __ o eeemiceeccececccmeccmmmeseceaaae

S.AS=  memmemme e

S.ASIN- = secesccccccceca. 0 eeeccsmeccecccc-mcceecccccceccce-

Q.DS= e eeeeeeececeeeecccmemeeeeeeeeeeemmeeceecemeaaae
Q.ST e memcececmeees

P.BACK- e

68010_0- e

68010_AS- =mmm=mmme e eeeeeecceeemccemmcoecoo—eoooo
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3.9.1/0-Bus

Retference: Schematics Page 1

The |70 data bus [10.D00..15] connects to the following devices:

e all input/output devices,
¢ all MMU devices. and
« the VME data port.

The 170 data bus is connected to processor data bus [P.D00..15] via bidirectional transceivers
[e3cs:L1106, L111]. These bus bufiers are enzoied via PAL [Pi16R4:L102] as foliows. The i/C Bus is
driven from the proccessor data bus on all processor write cycles ancd all DVMA read cycles. The
processor data bus s driven from the 1/0-bus on all DVMA write cycles and all processor read cycles
from 1/0 devices. MMU devices, and VME Bus.

Sun Mirraevctame In- CrImInrENT A AR RATIEN VIR el
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3.10. MMU and MMU Space Devices

Relerence: Schematics Page 3
3.10.1. Overview

The 14AMU consists of user context register [LS2518:U300]. System context register [LS2518:U301],
user/system context muitiplexor [74F158:0302), segment map RAM [2168:U303. U304]. anc page map
RAL[2168:U305 THROUGH U310].

Cther MMU space devices are the bus error register [ALS534:U511], the system enable register
[£.8554.U811) witn rel22oaTh [aLS244.Us12). the diagneostic regisier [sLSITz:uesa] wats LEDs
[LED4.J515.J516). and the ID PROM [P5Xx8:U510).

3.10.2. Decoding

The MMU and MiviU space devices are accessec via decoders [ALS138:U222. U323, U324]. Decoder
[aLS138.U324] is the read decoder, decoder [ALS138:U323] 1S the upper byte write decoder, and
aecoder (4LS138.u320] is the lowser byte write cecoder. Ali MMU space devices are connected tc the
lower byte.

3.10.3. MMU Operation

During a normal address translation cycle, the processor system function code [P.FC2] selects
between the user [P.FC2 = 0] and supervisor [P.FC2 = 1] context. The selected context value, together
with address lines [P.A15..23] index the segment map RAM which produces a page-map-entry-group
[ia16..23). The page-map-entry-group. in conjunction with address lines {P.A11..15] index the page
map RAM, producing as its output the valid bit [vVALID]. protection codes [PRGTO..5], type field
[TYPEO..1], accessed bit [acC], modified bit {[moD], and mapped address lines [MA11..22].

The protection field is checked with decoder [7aF151:u315). If the protection bit corresponding to
the state of the read/write line [0.R/W] an the processor function codes [P.FC1, P.FC2] is not set, then
output [PROTERR] will be asserted.

The accessed and modified bits are updated on all non-special cycles. For this operation, the
current value of the type field. which is in the same nibble as the accessed and modified bit, is latched
into register [ALS374:U316) with clock [C.S5].

The actual update starts with [C.S5] and ends with [C.S7). During this time, PAL [P16L8:U103)
asserts both [WR.UPDATE]}. which turns on write enable to RAM [2168:U307], and [WR.STAT] which
oulput enables register [ALS374:Uu316] with the new data to be written into RAM [2168:U207].
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3.11.1/0 Devices

Reference: Schematics Page 4. 5, 6, 7
3.11.1. Overview

Input/Output devices comprise the PROMs, the Ethernet Control Register, the Keyboard/Mouse
UART. the Senial Communication Controller, and the Timer cnip. Alt input/output devices connect to
the 1C-Bus.

3.11.2. Decoding

Input/output devices are selected with a MMU type field of 1 [TYPE1=0], [TYPEO = 1], and address
lines [Ma16..22) all ones. This condition is decodec with comparator [LS2521:U403] in conjunction
with gate [74F32:U233-3] producing signal [CE.10).

[CE.10]) disables the P1/P2-Bus decoder {74F138:U400] and in conjunction with [C.R-/W] enables
170 read decoder [ALS138:U401) and in conjunction with [Q.R/w.] I/0 write decoder [ALS138:U402].
Bom tne /0 reac and write decoder decode mappec address lines [MA11..13] {0 select one of eight
possible devices.

3.11.3. PROMs

Since the PROMs are larger than a single 2K page. they are addressed directly with the low-order
bits of the non-translated (virtual) address from the CPU, [P.A01..A14]. The PROMs are constantly
chip enabled with CE tied to ground.- The PROMs are output-enabled with signal [OE.PROM]

generated in PAL [Pi6LS: uxm] during boot cycles [BOOT = 1,FC = 6] and during read-PROM cycles
[RD.PROM = 1].

3.11.4. Timer

Timer chip [AM8512:U504] provides five 16-bit timers. The timer is driven by a 4.9152 MHz input
clock [C.204]. generated from the 19.6608 MHz clock oscillator [K1114A:U200] via binary counter
[74LS393:U212]}, independent of the CPU clock.

Gate input 1 of the timer chip is wired to the timer [FOUT] signal. Output [OUT1] is connected to
interrupt request 7 [IRQ7], and outputs [OUT2..5] drive interupt request 5 [IRQS] via open-collector
inverters [74LS05:U505).

3.11.5. Keyboard/Mouse

The serial keyboard/mouse UART [8530:U600] are implemented with a SCC (serial communication
controller). The SCC features two high-speed. highly programmable serial channels with built-in
baud-rate generators. The clock input to the SCC is a 4.9152 MHz input clock [C.204}, independent of
the CPU clock.

The serial lines to and from the keyboard/mouse are driven and received via inverters
[faLs04:U608,U610).
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3.11.6. Serial Communication Controller
The RS-423 UARTS [8530:U601] are implemented with the same type SCC as the keyboard/mouse
interface.

Serial pert A occupies channel A of the UART, in conjunction with inverter [74LS04:U608], driver
(26LS29:U609], and receiver [26L532:U606].

Seria! port B occupies channel B of the UART, in conjunction with inverter [74LS04:U610], driver
[26LS22:U€11]. and receiver [26L532:U607].

Receiver [26L832:U615] is shared between channel A anc E for svnchronous UART applications.
i
i

urposs Gf resisiors [R4.S19:5601) is 10 provioe RS-232 cempaticie fail-safe ine terminaton.

b

3.11.7. Ethernet Control Register

The Ethernet Control Register [ALS272:U716. ALS244:U717] controls the overall operation of the
Ethernet interface. Register [ALS273:U716] is reset with processor reset. Further information on the
Ethernet operation is contained in the section on Ethernet.
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3.11.8. Data Ciphering Processor

Reference. Schematics Page 5

The Data Ciphering Processor [9518:U506] has special timing requirements implementecd by PAL
[p16Ls:us07]. One requirement of the DCP is that its data strobe [MDS] may only be deassertec 20-70
nsec atfter trailing edge of its clock [C.400]. Other requirements of the DCP are iong hold times on
data and read/write; those are achieved by turning off the DCP data strobe early before the end of the
cycle. The state diacrams below illustrate these timings.

3.11.9.68010 Address Load to DCP

STATE 1 3 5 7 9 11 13 15 17

C.:00- e
€S9 emeeeeeemeeeeeeeeee
WR.DCP  mmmmmmeee eemeeee-
MAS-  memeemmee emeeeceeeceeeceeeee-

3.11.10.63010 Read/Write to DCP, Best Case

STATE 13 5 7 9 11 13 15 17

C.100- -

€.200 e e e e ----

€.400 o eeeeemee_ eeeccees
S5 o eeeeeemeecememeeeeeeeeeeee

S8 eeemeeeeemeeeeeeee

MDS_STRT=  =mmmmmemee  eeemee-eee-

MDS_END- = eememeeee- o eemeeee-

MDS-  mmemmmemee  emeee-

TIME160- e e e LT LT L PR e
TIME240-  ======--co-ececmcmeeoa- -—--
WAIT- (RD) ==--c=--=- R et

WAIT- (WR) meemmmeem meeeeee-
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3.12. P2-Bus Interface

Reference: Schematics Page 4, 10,11.
3.12.1. Introduction

The P2.Bus is the internal bus which interconnects the CPU to main memory, the video memory,
and erpansion memoery. Going off-board, the P2-Bus is brought out on connector [p96:P1102). pins 1
through 32 and €5 through 96.

3.12.2. P2 Signals

The P2-Bus consists of a number of address lines, bidirectional cata lines, parity lines. timing
signals. enable signals. and a handshake line.

Address Lines. Data Lines, Read/Write Line. and Handshake Line:

D e e e e N e Rk R R

P2.S1gnal Description

Pc.A0G.22 Address Lines (24)

P2.D0C. 15 Data Lines (1€)

P2.DIL. OIU Parity from CPU to Memory (2)
PZ.DOL., DCU Parity from Memory to CPU (2)
P2 .R/W Reag/write Strobe

PZ .WAIT Negative Handshake

B T e e kL L T X T

- = - - - - - T T = - " T - = = = = = = = e e

P2.Signal Description Asserted on

P2 .RAS Row-Address-Strobe C.S3

P2.RASC Row-Adcress-Strobe O C.S3 A_-P.A01 v C.S3 » REFRESH
P2.RAS1 Row-Address-Strobe 1 C.S3 A P.A01 v C.S3 A REFRESH
P2.CAS Column-Adcress-Strobe C.S4 o -Q.SPEC .

P2 .RD P2-Bus Reaft Strobe C.S% A ~ERROR A =CE.I0 A -TYPE1!
PZ.WEU P2-5us Write Strobe C.S5 A ~ERROR A =CL.10 A -TYPE1
PZ . .WEL P2-Bus Write Strobe C.S5 A ~ERROR A ~CE.IC A -TYPEL

D D R b e N e e e b e b R T P

The memory control signals [Q.RAS, Q.RASO, Q.RAS1, Q.CAS, Q.WEL AND Q.WEU] are generated
centrally on the CPU side of the P2-Bus.

RAS is generated by and-or gates [74F64:U218] in conjunction with inverter [74F04:U922). [0.RAS)
is asserted when processor address strobe is active (P.AS = 1) and the clock islow (C.100 = Ok This is
the case at the beginning of processor state 3. After RAS is first asserted, it is latched via inverter
[7aF04:u922) until the later of [C.S7] or [P.AS] being deasserted. [Q.RASO, Q.RAS1] have the same
timing as [Q.RAS] except they are only asserted if [Q.BANKO, Q.BANK 1] are asserted. respectively.

[CAasS] is generated by flipflop [74F74:U204-1]. It is asserted at time [C.S4] on non-special cycles
[a.SPECIAL=0]. [CAS] is inhibited during special cycles because the column address is not
guaranteed to be stable during memory management updates and thus would cause invalid decoding
in memory.

The upper and lower write enable to memory. [P2.WEU-, P2.WEL-] are generated in decoder
{74F138:u400] in conjunction with gates [74F32:U433-1, U433-2]. The write strobes are assertad with
[C.S5]) and cata strobe [Q.DS] active, with no error condition [C.ERROR] present. They are turned off
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with the processor upper and lower data strobe, [P.UDS, P.LDS].

Accesses to the P2-Bus are decoded in decoder {F138:U400j. A read or write referance to the P2-
Bus [RD.P2, WR.P2] is generated when: the page type is O or 1 [TYPE1=0], data strobe is asserted
[c.0S=1]. nc bus error condition exists [Q.ERROR=0], clock state 5 is asserted [C.S5=1], and the
reference is not to an 170 Device [CE.10 = 0).

3.12.3.P2-Bus Cycle

The timing of a P2-Bus cycle is illustrated in the figure below for a standard memory write cycle
followec by a memory reac cycle.

6EG20 State 0 1 2 3 4 85 6 ? 0 1 2 3 4 S 6 7 0

€.60 e mee_ e meee e e -

PZ.A00..11% XXXX XX XX XX

P2.A12..23 XXXKAXXXXXXXXXXX XXXXAXXXXKXXXXRX XX

pz.DoC. .1

ow

XXXXXXXXXXXXXXX XXXRXXXXXXXRXXXXXXY XYXXXXRX XX

PZ.RAS-  emememme e e

P2.R/W-  mmmmemee  eeeeeemmeeemeemceeeeees

PZ.CAS-  mmmemmmmmmcmmmen eemeeemmememmemeemee_ eeeee-
P2.WEU- WEL-  ====smc-ccececacccas  ceceeemeeesemeeeeeecemeeeceeeeeeeeeee-

P2.RD- i T e T

During read-modify-write cycles, processor address strobe and thus [o RAS] and [Q. CAS] stay
asserted for the entire length of the cycle.

Note that both [P2.RAS] and [P2.CAS] are asserted before the page map type field is decoded and
before the protection field is evaluated. Thus [P2.CAS] indicates a valid adaress. but not necessarily a
valid reference. Only the read/write strobes qualify a reference. '

The uming shown above applies to main memory read cycles anc main memory write cycles that do
not have the negative handshake [P2.waAIT] asserted. Accesses to video memory are similar to main
memory read cycles. except that signal [P2.waIT]} is active. [P2.WAIT] is asserted by the video memory
interface when it needs to delay the completion of the current cycle. On read cycles to video memory,
[P2.waIT] is asserted to delay the current cycle until valid read data is available. On write cycles to the
video memory. [P2.WAIT] is asserted whenever the video memory is completing a butfered operation
and is thus not yet ready to accept a new cycle. The same mechanism is used for write operations to
main memory shadowed by video memory (video copy mode).
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3.12.4. Parity Error Logic

Reference: Schematics Page 4

The Parity Error Logic generates parity for memory write operations anc checks parity for memory
reac operations. Note that the parity error logic is only used for memory accesses (page type 0). ltis
not used for any other cycles, such as video memory cycles (page type 1).

On writes. parity is generated with parity generators [74F280:U420. U421]. When signal [EN.PARGEN]
1S asserted. ocd parity is ganerated and stored in memory. Odd parity means that the sum of all data
bits and the parity bit is oad.

Or reacs. perity 1c checxked with parity checkers [747280:u422, u423). If the even output of the
parity checkers is true. then a parity error has occured. This parity error information is clocked into
the parity flipflops [74F74:U424.0, U424-1] on memory read cycles [TYPEO=0, RD.P2= 1} with the
leacing edge of [C.S7], delayed by two inverter delays [74F04:U404-2, U404-4].

The parity error flipfiops aré se:f-latch-ing. This fneans that they remain set until they are cleared by
signal [0.PARCLR]}. The parity error fliptlops remain cleared if panty checking is disabled
[EN.PARERR = 0].

The outputs of the parity error flipflops [PARERRL, PARERRU] are CRed with the other bus error
conditions in gate [74LS30:U130). This generates signal [Q.ERROR] which in turn generates bus error
[Q.BERR] to the 68010 via PAL [P16L8:U103].

Parity errors are different from other bus errors in that they cannot abort the 68010 cycle in which
they occur. This is because they are only detected at the end of a read cycle, after a point at which
the 68010 can abort the current cycle. The parity error flipflops provide the tunction of Iatchmg parity
errors until they are recognized by the CPU.

In order to recognize the bus error caused by a pending parity error, the 68010 must execute a
"non-special” cycle [Q.SPECIAL=0]. Under this condition. PAL [P16L8:U103] generates signal
[@.BERRCLK] which clocks the parity error flipflop state into the bus error register [ALS534:U51 1] and
signa! [Q.PARCLR] which clears the parity error flipflops.

Parity generation and checking can be disabled for testing purposes. To initialize parity in main
memory, all of memory needs to be written with panty generation enabled. When signal [EN.PARGEN]
is not asserted, then even parity is generated. This allows the parity error function to be tested.
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3.13. Ethernet Interface

Reference: Schematics Page 7, Intel 82586 Ethernet Controller Manual.

3.13.1. Overview

The Ethernet Interface is built around the Intel 82586 VLSI Ethernet Controller [u700] anc the
Fujitsu MB502 Phase Lock Loop Decoder [u701], as shown in Figure 3-2. The Ethernet Control
Reg!ster [ALS272:U7T 16, ALS244:U717] controls the overall operation cf the Ethernetinteriace.

Address Register Ethernet Data Link Controller
Processor Ethernet Front End
Adrs Bus
: N ‘intel 82586 ..} mBso2 |__Ethernet
Data Port -  Transceiver
Processor _
Data Bus

€ontrol Register’

—>

Figure 3-2: Ethernet intertace

3.13.2. Ethernet Data Link Controller

The Intel 82586 Ethernet Data Link Controller is configured as foliows: Maximum Mode [MN/MX.
=0}, asynchronous ready [READY = 0], directly eriabled [HLDA = HOLD]), and always clear to send [CTS.
=0]. The 82585 receives an 8 MHz clock from flipflop [74F74:u713-1). Pullup [R9-SIP:5700} supports
the VOH-level required by the 82586. For a complete description of this par, reter to the Intel £2586
Data Sheet.
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3.13.3. Ethernet DVMA Cycle

When the Ethernet controller wants to access main memory, it asse
[E.RD] or write control [E.WR]. Ethernet read and write controls
[74LS00:U715-3] t0 generate Ethernet data strobe [E.DS]. The leading
[e.DS] then sets the Ethernet DVMA request fliptlop [7T4F74:U207-1].
request [E.HOLD]. ANDed with Ethernet error inactive [E.ERR.] in gats [
[E.REQ] to the DVMA Arbiter latch [74F374:0213]). This will cause the
the bus frecm the CPU until the §258€ drops [€.HOLD].

’
’r

Ethernet Data Strobe is also clocked via [74F74:U713.0] at the ne¢
Eshe-nzt clogk {E C.i25] i€ ganserate Emnernet aadress sirebs {[£.450
address strebe latches the 24-bit Ethernet address into the Ethernet a
U702.U704] to generate Processor Address [P.A01 THROUGH P.A22] whe
enabie [E.DMAEN]. In adcition. Ethernet write control [E.wWR] s latch

generaie Processor Read/Write strobe [P.R/W.] when enabled.

At this point, the Ethernet has requested a DVMA cycle and is waiting
a write cycle (Ethernet to Memory), the DVMA controller will enable th
[aLS244:U707. UT08) witn Ethernet output enable [E.0E]. On a reas cyc¢
DVMMA controller will latch the data read from memory into the
[ALS373:U705, u706] at the trailing edge of Ethernet write enable [E.wWE;

are output enabled by Ethernet read-1 [E.RD1] to the Ethernet controlier «
in the diagram below.

The Ethernet read and write butfers are byte swapped between the
Ethernet data bus. This means that the processor data bits 0..7 are con
8..15 and vice versa.

It a bus error is encountered during an Ethernet DVMA cycle, the Ethe
[ALS74:U719.1] causing the Ethernet Error signal to be asserted [E.ERR].
Ethernet DVMA requeststo be set in the Ethernet DVMA request flipflop [7
bus error tlipfiop can only be reset by an Ethernet reset command [E.RESE

82586 State | Yo ) Ty} T2 | Ta | T4 |-

E.C.125 Cmmme____emem___ emee_____eme=

E.RD- -

P L L L L

E.RDO-  —eemeeeee-

B i

E.RD1- = eeeccecsmccocoma-

crmer -
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3.13.4. Eithernet Phase Lock Loop Decoder- U701

The Fujitsu Ethernet Encoder/Decoder [MB502:U701] connects the board directly to an external
Ethernet transceiver. The MBS502 uses a digital phase lock loop with 10 samples per bit cell. An
internal oscillator with external crystal X700 together with tank circuit [C:C700, C703, C704, L:L700)
supplies the 100 MHz input frequency to the PLL chip. Jumper [J.2:4704] selects between Ethernet
Level 1 and Level 2 interface characteristics (Level 2 if jumpered).

The Ethernet frontend is interfacec to the Ethernet data link controller with inverters [74F04:U709)
and flipfiops [74F74:U710, u712]. Pullup [R9.SIP:S700] raises the signal levels to those reguired by the
EDLC.

3.13.5. Ethernet Transceiver Interface - J700

The Ethernet Connector [4700] follows the standard Ethernet definition. Jumper [J4.2:4702] supplies
+ 5V tc the Ethernet connector for transceivers that require this voliage. The Ethernet transceiver
drop cable is terminaied with resistor networks [R4.S1P:R704, R705].
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3.14. VME Bus Interface

Reference: Schematics Page 8, 9, 10, VME Bus Manual.

The VME Bus interface consists of the following functions:

e VME Bus Utility Functions

e VME Arbiter

¢ VIME tAaster Interface
¢ VME Slave Interface
e VME Interrupt Handler

Ficure 3-3 shows how these functions are interconnected.

Physical
Address

Processor
Data Bus

Bus Select

L P R

VME Master Interface

Address Out

>__.

ALS373
| ALS244

Data Qut

>

ALS374
ALS244

—

VME Arbiter

>.__

____.>

VME
Address

Data

VME
Control

VME Slave Interface

Address In
ALS374 >
Data In
> ALS244 SN

VME Interrupl handler

.

Figure 3-3: VME Interface
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3.14.1. VME Bus Utility Functions

The VME Bus Utility functions are implemented by these four utility lines: System Clock
[p1.syscLk], AC Fail [P1.ACFAIL), System Reset [P1.SYSR], and System Fail [P1.SYSF].

System Clock is driven from the 16 MHz oscillator signal [c.62A] via a high-current driver
[74F244:u817). System Clock has no phase relationship with any other VME signals. It can be
disconnected irom the VME Bus by removing jumper [J.16:J900-15.16].

AC Fail is driven to the VME Bus by open collector driver [7aALS6411:U818). It is asserted while
Power-On-Reset is active. It cannot be disconnected from the VME Bus.

Sysiem Rese: is ¢riven (o the VME Bus by open collectcr driver [7aaLssatt:uere] liis asserted
whenever Processor-Reset is active. It cannot be disconnected from the VIAE Bus.

The 2050 Board can be configured either as a P1-Bus Reset Master or Slave.

As a P1-Bus Reset Master, the 2050 Board issues Reset [B.RESGUT] to the VIME Bus. Power-Or
Reset. Watchdog Reset. and 68010 Reset will all assert P1-Bus Reset. Other P1-Bus devices may aiso
assert P1-Bus Reset. but this will have no eftect on the on-board CPU and devices.

As a P1-Bus Reset Slave. the 2050 Board receives Reset [5.RESIN] from the VME Bus. but does not
drive Reset to the VME Bus. The VME Bus Reset has the same effect as an on-boarc power-on-reset.

System Fail is not used or generated by the 2050 Board.
3.14.2. VME Arbiter and Requestor

The VME Arbnter and Requestor functnons are implemented in one state machine [74F374:U812,
U813, P9X4:Us11, Pi6L8:us14]. Out of the options possibie within the VME Bus Spec, the arbiter
implements the ONE ROR arhiter option. ONE means that the arbiter monitors bus request level 3
[P1.BR3] only and accomplishes arbitration via the level 3 daisy chain [P1.BG3IN, P1.8G30UT]. ROR or
release on request.means that the arbiter only releases the bus when a request from another master is .
pending.

When the CPU wants to access the VME Bus, either for a standard read/write cycle or for a
interrupt acknowledge cycle. it asserts signal Bus Select [8.BSEL] via PAL [P16L8:U810).

If the arbiter currently does not own VME Bus mastership. it requests bus mastership by asserting
VME Bus request [P1.BREQ] and going through the normal VME Bus arbitration sequence. If the
arbiter already owns bus mastership. it will keep the bus mastership until another VME Bus master
requests it.

3.14.3. VME Master Interface

Once the 2050 Board obtains VME Bus mastership, the VME Master Interface allows the 2050
Board tc access VME Staves on the VME Bus. The interface consists of address and address modifier
latches [aLS374:U940, U941, U942, U943] and drivers [ALS244-1:U90C, U901, U902, U903}, write data
latches [4LS274:U910, U911]) and drivers [4LS2441:U908, US09]. read data buifers [aLS244:U908, U909];
anc control signal driver [74F244:U817-0). The VME Slave Device being addressed will respond to the
transfer by asserting either data transter acknowledge [P1.DTACK] or bus error [P1.BERR]. These two
signals pass through flow-through latch [74F373:U815] and are qualilied in PAL [P16L8:US16] before
reaching the 68010 CPU.
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The VME Master interface supports complete backoff/rerun capability. This capability is utilized
for VME accesses that take longer than 2 usec. In case of a VME access that is not completed within
2 usec, the state of the VME interface is frozen ancd a CPU rerun cycle is performed. During the rerun
cycle, the CPU can give the on-board bus to the Ethernet interface or to the refresh logic to allow
these devices to pertform their functions. After these devices complete their activities, the rerun is
terminated anc the CPU continues with its VME access. This operation is transparent to the VME
Bus. Notice that rerun cycles are also executed while the board is waiting for VME Bus mastership.

The VME rerun cperation in detail proceeds as follows. Starting with [C.S4] of a2 cycle, counter
[7aLs293:u212] starts counting with the falling edges of [C.400]. After eight input transitions the
counter asserts [B.C2). This signal is inverted via [74F04:U221.1] and reclocked in register
1-2727¢ U206; thersb, ganerating x(B.CR}). Signal [B.C2] closes tne [32=5. CTAlr] fiow-througn latch
[74F273:U815]. It a [BERR. DTACK] arrives before the latch closes the CPU will complete the cytle as
normal and the rerun sequence is aborted at that point.

It the CPU has not received a [BERR, DTACK] at this point the rerun secuence continues.- After two
additiona! transitions of clock [C.400], counter [74L5393:U212] asserts both [E.C2] and [B.C1]}. This
event 1s decoded in PAL [P16L8:U814] asserting output [B.TO3]. [B.TO3] enters PAL [P16L8:U810)
which in turn generates [B.FREEZE] and initiates the actual rerun cycle to the CPU with sicnal
[E.RERLN]. [B.FREEZE] causes the VME control signals. write cata. anc adcresses 10 be latched unul
the CPU resumes the cycle atter completion of the rerun.

The timeout counter [74L5393:U809] counts the number of bus reruns. Each assertion of [B.C2]
increments the counter by one. When the counter reaches 128 it asserts timeout.

3.14.4. 68010 Cycle to VME Bus, Currently Busmaster

68010 State 6 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

c.100 e e e emee e eeee e -ee-

P.AS- = mmeeeee- ———

P.DS- (READ)  =======- ----

P.DS- (WRITE)  =e=sce-coveccoo-- i -—--

B.BSEL- S -

B.AEN-

B.CEN- e -

P1.AS-  mmeememmeeeeoeee- S -—--

P1.DTACK= ====e==eecemcceccococcocmmemcmececeeceeocmeooe-

Ciim b mpmevictqmme bme lalat it Eatat Rk SN LRl P R R ala]



Sun-2 Model 50 Theory of Operations 44

3.14.5.68010 Cycle to VME Bus, Not Currently Busmaster

68010 State 0 1 2 3 4 5 6 7 g 9 10 11 12 13 14 18

c.io0 -—-- -——- ———- —--- -—— R— ———— ————

P.AS-  meeeeee : -——--

P.DS- (READ)  =-=-====- ----

F.DS- (WRITE)  =--==ss=mm---on- ----

——--
.ot

B.REQ- = =---essmsssocooesceceoee . T

B.AEN-  memeemeemeecmcmeeemeeoeeeoo

B.BEN-  emeeemem e eececmceeeenes

B.CEN- memmme oo ----

Pi.AS= e eeeas ----

P1.DTACK- = =ee-vec-c--e- ittt

3.14.6. VME Slave Interface

The VME Slave Interface allows the 2050 Board to be accessed by other VME Masters on the VME
Bus. It uses the address comparator [LS2521:0930] to match the four high-order address lines from
the bus [P1.A20..A23] against the base address bits [x.A0..A3] selected by switches [J.16:0900]. In
addition. the VME address modifiers 4 and 5 must be set. [P1.AM4 = 1, P1.AMS = 1}, the VME interrupt
acknowledge must be not set [P1.1ACK = 0], and the 2050 Board must not be bus master {B.AEN=0]. If
all these conditions are met and VME address strobe {x.AS] and a VME data strobe [X.uDS OR X.LDS)
is asserted then signal [x.DM&] is asserted, indicating that a VME Slave Interface requsast is pending.

The rising edge of [x.DMA] sets the external DMA request fliptlop [74F74:U203-1] posing an external
DMA request [X.DMAREQ] to the DVMA controller. In response. the DVMA controller requests the on-
board bus from the CPU and executes an on-board cycle using the external DVMA address stored in
register [ALS374:U904, US05. U906]. On a write cycle, the DVMA controller uses the data butfer
[ALS244:U908. U909] to enable data from the VME bus. On a read cycle. the data read from memory is
stored in register [ALS374:U910, U911] before it is driven to the VME bus with data buffer
[ALS2441:U912,US13]. ' e

At the end of the VME DVMA cycle the handshaking flipflops [74F74:U931] are set with the trailing
edge of [x.DMAEN]. If a bus error is present at this time, the bus error flipflop [74F74:U931-0] is set,
asserting [x.BERR]. Otherwise. the DTACK fliptiop [74F74:U931.1] is set, asserting [X.DTACK]. Both
[x.DTACK) and [X.BERR] are driven to the VME bus with open-collector driver [ALS6411:U818]. Signal
[x.DM&] stays asserted until the VME Master drops its data strobes. This in turn clears the Bus Error
and DTACK flipfiops [7aF74:U931].

~
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3.14.7. VME Interrupt Handler

The VME Interrupt Handler responds to Interrupts on the VME Bus. The 2050 Board does not
generate any interrupts to the VME Bus. Jumper J800 can individually connect and disconnect all
VME Interrupt leve's. Priority decoder [74L5148:U800] prioritizes the enabled VME interrupt requests
and generates encoced interrupt lines [B.IPL0..2). These enccded interrupt lines together with the
ontcarc interrupt requests are combined in PROM [27S33A:U105] which in turn drives the 68010
interrupt lines (IPLO. IPL1, IPL2].

When the 68010 recognizes an interrupt reguest. it issues function code 7 and sencs out the
interrust leve! being acknowledced on address lines [a01..403). The cn-board/offbcard interrupt
s=i22107 [74F151:u8C2) decoces whether an extsrnal imerrupt request is pencing a: the lavel the
€8C10 acknowledges. The output of this selector [B.IRQ] is sampied at state 4 i the
onbcard/offboard interrupt flipflop [74F74:U205-0]. Output [@.AUTOV] is asserted if no offboard
interrupt request was pending or if address bit [A19] is deasserted. indicating a non-interrupt cycle.
Cutput [0.aUTOV] is deasserted if an onboard- interrupt recuest is pending at the levei being
acknowledged and if address bit A19 is asserted, indicating a vald interrupt cycle.
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3.14.8. 68010 Rerun Cycles

Rerun cycles are executed on two conditions: VME Bus deaclock and long VME accesses. These
two rerun conditions are recognized in PAL [Pi6L8:Ug10] which generates [B.RERUN]. Signal
[B.RERUN] is synchronized in flipflop [74F374:u206) before driving PAL [P16R4:U102] which in turn
generates the required [Q.BERR, P.HALT] signals to cause a CPU rerun.

3.14.9. Rerun, VME Deadlock Case

The conciticn here is that the CPU is attempting to access the VME Bus whil& another master on
the VA4S Bus s atiempoing to access the 20330 Soard as a slave Gavice. Since the VME Bus has no
rerun capabilily, the 63010 must yield to the VME Bus reguest tc resolve the deadlock. The condition

is present if [B.SEL] anc [X.DMA) are simultaneously valid.

€EZI0 State 0 1 2 3 4 $ 6 7 8 8 10 11 12 13 14 15

€.100 e e e mmee_ eme_ mmme___ mmme___m=e-

p.AS-  e-ee;-.-— o ecemmememenee-

S.HALT= = =eceececeemcceccececcccccccccceneaa- --

3.14.10. Rerun, VME Rerun Case

The VME Rerun case is initiated for VME cycles that are not completed within the short timeout
time, including VME accesses waiting for VME Bus mastership.

T . 4
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£8010 State 6 1 2 3 4 5

€.100 e e meee e meee e

P.DS- (READ)  =======- — e

P.DS- (WRITE)  ===-mc-cccceneo- e — mememeeee-

F.DTACK= ==meeeececcccccccccccccecmcesceececcececemeeeeacce—eeemees

£.T03~  meeememeeeememcemmcmmmmmemeee o eeeeeaa.

B.FREEZE- ~  =======ceecmccccccmcacoa- ---

B.RERUN- mememmemmeccememeecmmee ememeseeeeeseeeee-

S.RERUN= mmmeemmemecccmcmeimccccmceen eeemeeeee——mceee-e

P.BERR= ===meeecccccccccememcccmmeeeee emeeeeeee-

P.HALT-  ==--- B it T L L TP --
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3.15. Memory

Reference: Base Board Schematics Page 11, 12, 13, 14, 15
Reference: Expansion Board Schematics Page 21, 22, 23, 24, 25

3.15.1. Introduction
The description of the memory applies in the same way 10 the memory contained on the 2050 Base

Board as to the memcry on the 2051 Expansion Board.

The memory desicri consists oi the foliowing functions:

e memory array {1/2/3/4M Bytes)
e address multiplexor and driver
e control signal criver

e bank decoder and driver

e data drivers

The interconnection of these pieces is shown in the Figure 3-4.
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P2.A02..08 Memory

F158

P2.A10..A17_3} .
18°8 = 144 RAMs

V,Mu: Adcress

F2a4 | ~~—23 Address (8)

P2RASO/T [ RASQ, RAS1
P2.WEL/U — VY WEL, WEU

P2.A1.18.16__]

F138 ~ CAS(8
P2.CAS o N ®)
| ALS244 —~~n~—-23 Datain (18)
P2.D00..15 -
P2.DI.P2.U
ALS244 | Data Out (18)

' Select

P2.A20..22 5} F151

Figure 3-4: Memory Interface

Qiin MirrAacuetame tn~ AONITINTA T A



Sun-2 Model 50 Theory of Operations 50

3.15.2. Memory Interface

The CPU interfaces to the memory via the P2.Bus. This means that all interface signals are
avzilable on the P2-connector [P96:P1102], allowing @ memory expansion board to be interfaced to
the same bus. The following description applies equally to the memory on the CPU Board as well as
to the expansion memory. ] :

3.15.3. Memory Organization

Memory is organized-as 8 banks of 18 RAM chips each, maxing a total of 143 chips. Each bank
stores i€ czte biis anc 2 parnity bits.

RAM chips can be either 64K or 256K Bits. With 64K RAMs. each bank stores 128K Bytes plus
parity. and all of memory stores one Megabyte.

With 256K RAMs. each bank stores 512K Bytes plus parity, making total memory capacity four
Megabytes.

3.15.4. Memory RAM and Bank Decoding

Due to the pipelined RAS-CAS access. memory is CAS decoded because the translated address
bits that select which bank of memory is accessed are only available in time for the CAS address
strobe. For special cycles [Q.SPECIAL = 1], such as MMU updates, CAS is not asserted.

Decoding for 64K and 256K RAM chips is as follows:

B L L R L L L b L ey,

| Decoding 64K RAMs 256K RAMS |
| RAS Bank A01 AD1 ]
| RAS Accress TA0Z..AQ¢ AQ2..A10 |
| CAS Address A10..A17 All..Ai1S |
| CAS Bank AG1.18.,18 A01,A20,A21 |

B L R R e N e

3.15.5. Memory Section Decoding

To allow the memory to respond to arbitrary 1 megabyte sections within the 8 megabyte memory
address space, memory select decoder [74F151:U1200] decodes the three high-order address bits
[P2.A20..422] and reads from the select jumper [016:J1200] whether the addressed 1 megabyte
section of memory is enabled or not. If enabled, the Memory Select signai [M.SEL] enables CAS
decoder [74F138:U1201) and read/write buffers [ALS244:U1210..Uu1214] via decoder [ALS138:U1202].

The first megabyte of memory is always enabled. The second megabyte of memory is enabled with
jumper [J1201:1-2] installed. The third and fourth megabyte are enabled as a pair if jumper [J1201:3-4]
is installed.
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3.15.6. Memory Drivers

The RAM signals are driven as follows:

[RAS, WEL, WEU], and the Address Lines are driven by 74F244 drivers with 33 Ohm series
termination. Each bank of memory has its own set of drivers for these signals.

CAS is driven directly by the CAS decoder {7aF138:U1201] with 33 Ohm series termination. Data to
the RAMs is criven by [ALS244] drivers with 68 Ohm series resistors [R:R1200-R1217].

Sun Micracetome Inr AN EINENTI! 19 Mreatiar 102
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3.16. Video
Reference: Schematics Page 16, 17, 18, 13
3.16.1. Overview

The video subsystam consists of the foliowing functions:

e video memory (128K Byte)
e video memory controller

e Cztz mulliplexor

e Pz-Bus interface

e Vig20 sync controlier

e video shitter

The irterccnnection of these pieces is shown in the Figure 3-5.

Video Address Video Memory

LS5002

441616

Processor Address

PZ.hgre ] ALSCZTS"2
Prccessor Port Multiplexor Vidso Register Video Shifter
ALsz74t4 | (08) | 1 s245°8 | (6D f Lsarars |8 J Fisar2 | vide
P2.Data Control Register Video Controller
> Hsy
s Vsy
Request Logic Memory Controller
P2.RD/WR
P2 WAIT
Figure 3-5: Memory Interface
e B U S PO‘J:”—:‘:‘:-':’
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3.16.2. Video Memory and Addressing

The 128 kilobyte video memory on the board, chips [4416:U1700-U1707, U1710-U1717], is dual
ported for processor access and video refresh. The memory is organized as 16K Words of 64 bits
each.. Processor update cycles read 16 bits at a time or write 8 or 16 b:ts at a time. Video refresh
cycles read 64-bits at a time.

The address for processor cycles is stored in register [ALS574:U1632] for the row-address and in
register [ALS574:U1633] for the column address. Register [ALS373:U1634] demultiplexes the
multiplexed memory addresses.

The address for video cycles comes from counters [74L5590~;U1630’, u1631] for row and column
address, respectively. Notice that the organization of the 4416 RAM chips requires an 8-bit row
address and a 6-bit column address. Address lines [v.A0] and [v.A7] are not used for column
addressing.

The video refresh counters are incremented every 640 nsec with the rising edge of [V.0E1-] except
during states without display enable. They are reset to O with signal [V.RESET-].

3.16.3. Video Memory Controller

The video memory controller state machine generates the timing for the video memory and other
basic timing strobes for the video subsystem. It consists of PROMs [P5x8:U1604, U1605] and latches
[74F374:U1606, U1607]. The state machine is clocked with [v.C.40].

The memory controller has a total of 16 states, enumerated 0 through 15, that are continuously
executed in sequence. Each state has a duration of 40 nsec, making the 16 state cycle repeat every
640 nsec.

The memory controller can execute three basic types of cycles: lIdle cycles, Processor update
cycles, and Video refresh ‘cycles. The memory controller executes an idle cycle or a processor
update cycle between states 0 through 7 and a video refresh cycle between states 8 through 15."

Idle Cycles are exécifed befween state 0 through 7 if no request is pending [v.SREQ = 0]. During an
- idle cycle, memory control signals are not asserted.

Processor Update Cycles: Processor Update Cycles are executed befween states 0 and 7 if
synchronous request is asserted [v.SREQ = 1] and if the register select bit is clear [v.BS19 =0]. During
a processor cycle, signals [v.PRA] and [v.PCA] enable the processor row and column address from.
the processor address latches [F374:U1634] and [F374:U1635], respectively, in time for [v.RAS] and
[v.CAs], the row and column address strobe.

Read Cycle: A read cycle is executed if no external write strobes [v.LDS, V.UDS] are pendmg in the
request latch [ALS374:U1615]). The memory word addressed by bank selects [v.BS1] and [v.BS2] is
enabled via the RAS decoder PAL [P16R4:U1616). The read data passes from the video RAM chips
onto the internal data bus [v.B00..15] through buffers [74LS245:01730..u1737] and is latched in the
data output register [ALS374:U1602, U1603] at the rising edge of si_gnal [V.ACK].

Write Cycle: A write cycle is executed if a external write strobes [v.LDS, v.UDS] is pending in the
request latch [ALS374:U1615]. Write cycles are similar to read cycles except that the flow of data
reverses. Write data is output enabled from the data input register [ALS374:U1600, U1601], passes
through buffers [74L5245:U1730..U01737], and is then written into the RAM chips sclected by active
RAS strobe [v.RAS0..3] and write enable strobes [v.wu, v.wiL]. The RAM Write Enable signal [v.WE-] is
asserted starting at state 3 for early write-cycle timing.

Sun Microsystems Inc CONFIDENTIAL 12 October 1984
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Video Reiresh Cvcle- Video refresh cycles are executed cduring every memory controller cycle
betwean staie 8 and 15. During a viceo refresh cycle. signals [vV.vRA} and [V.VCA] enable the video
row anc column adcress contained in registers [74F374:U1640! anc [74F374.U1641]. respectively.
These registars are loaded from counters [74L5590:U1620) and [74LS590.U1631). Video memory cata
is reac out 64-bits in parallel and is latched at the end of state 15 in the video cata register
[74LS374:U1720-U1727) with the trailing edge of [v.vCa-}. In addition to executing the video refresh
cycle. the current memory controlier state is decoded in decoder [74F138:U1728] to enable
consscutive bytes from the videc data register onto video output bus [v.00-v.07] vie conirc! lines
[v.OEC-..v.0E7-]. Starting with [V.0E0-] in state 0. one byte irom the widec cata register is enabied
every twc states. The cdata on the video owtput bus is then loaded intc the video shifters
[764F194:U1805.U806]. '

A prccessor cycle is executed if the synchronous reguest [V.SREQ] is active (the generation of
[V.SRZQ] is descrived below under request logic). During a processor cycle. signals [v.PRa] and
[v.PC4] enable the processor row and column address from the prccessor acddress latches
[2LS374.U1632]) anc [ALS374:U1623). respectively. in time for [V.RAS) anc [V.C4S]. the row anc column
acdress strobe.

et it Rk Rl -~~~ . e~ s
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3.16.

4. Video State Machine

SREQ=0

Stete 0 1 2 3 & 5 6 7 & & 10 11 1z 15 1t 15
voe o1 2 s . e TTe i
V.C-40 S LT T I DTS TS DU T D E T T L S
V. RAS= | mmemmmememmm e

V.CAS- it T

V.VRA=  eeeeeemceececceceececemeeeee eemeeeeememeeee
V.VEA=  memeemeeee e

O T D
V.PCA- | mmmmmmmmmmmeeee eeeeeeeeeeeecememcceeeeceeeeee
V.G- I L L LR E L L L L LR R T

VW= e cececceeccmoeecee oo
V.HCLK L me=eeee-

V.ENREQ ----

SREQ=1

Stte 6 1 2 3 & 5 6 7 5 s 10 11 12 13 12 15
voe o 1z 3« s s TR
V.C.40 e _me__ e m e mm === ===
V.RAS-  mmmmmmmmmeee  eeeeemeeeee-

V.CAS- o mmmmmmmmmmmmmee emmmmmmmeemmeens

V.VRA=  mmeemmemmeemmeeeeceeceemceeee eeeeemmmmeeeeeeae
V.VCA= mmmemee e e oeeee

V.PRA- e memmeeeccecmeeececeeceeeees
V.PCA= mmemmmmmmmmmmeee eeemmeeeeeemeeccmeccmeeeeeeo
V.6- o mmmmmmmmmmmmemee eeeeeeeemeeeeee-

V.- eeeeemmmeeme o eeeeeemeemesemeeeeel
V.ACK- ----

V.HCLK  _ ee=meeee-

V. ENREQ -—--

c
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3.16.5. Video Interface to P2-Bus
3.16.6. P2-Bus Address Decoding

The video board responds to three types of accesses: direct reads, direct writes, and copy writes.

For direct reads and direct writes, the video logic is selected if the four most significant P2 address
bits [P2.A20..A23] are all ones. In that case, decoder [ALS138:U1621] produces signal [v.BSEL-], which
generates a video request via PAL [P16L8:U1620].

Copy writes occur if the copy comparator [LS2521:U1623] matches P2 address bits [P2.A17..P2.A22]
with video base address bits [V.BASE1..6] and if copy mode is set [v.COPY = 1] in the control register. If
all of these conditions are true then comparator [LS2521:U1623] generates [V.CSEL-] which generates
a video request via PAL [P16L8:U1620].

PAL [P16L8:U1620] also decodes [P2.A17] in direct mode [V.BSEL = 1] to generate the read/write
strobes for the video control register [ALS273:U1610,U1611]. :

3.16.7. P2-Bus Request Generation

The video board implements buffered write cycles and unbuffered reads. Reads follow the
traditional conventions of memory systems. When the processor reads from the video board, the
video board performs the desired access and returns the data read to the processor. Since the
memory on the video board is dual-ported and asynchronous to the processor, the processor will
have to wait until the read data is available. This is implemented by the video board asserting the
[P2.waAIT] signal until the read data is ready.

Write cycles, on the other hand, are buffered. The video board provides a set of registers that store
all information related to a write cycle, effectively implementing a 1-deep FIFO. This means that on a
write cycle the processor does not need to wait until the dual-ported video memory is available.
Instead, the write cycle is automatically completed with the data stored in the registers. A second
write, however, can only be initiated when the first write cycle has been completed. This is done by

. asserting the [P2.wAIT] signal if a write cycle to the video board is attempted while a previous request
is stillin progress.

An interesting case occurs if a write cycle is immediately followed by a read cycle. In this case, the
write cycle is still in progress while the new read cycle is pending. The design of the request logic
assures that the read cycle is only begun after the write cycle has been completed.

This read/write cycle handshaking is implemented in PAL [P16L8:U1620]. A requestis set when the
video section is addressed in with a read or write cycle in direct mode [v.BSEL] or with a write cycle in
copy mode [v.CSEL]. Signal [BUSY], causing [P2.WAIT], is set while a request is in progress.

The leading edge of the request signal [v.Req] clocks the demultiplexed processor address into the
processor address register [ALS534:U1632, U1633]. It also clocks the low-order address bits [P2.A01,
P2.A02] and the write enable bits [P2.WEL, P2.WEU] into register {[ALS374:U161 5].

[V.REQ] is sampled with signal [V.ENREQ] into flipflop [74F7‘4:U1624-0]. The sampled signal is
reclocked on the next clock edge of [v.c.40] into flipflop (74F74:u1624-1] and becomes signal

{v sRcQ). This signal controls the memory state machine to perform either a CPU cycle [v.sRea=1] or
andle cycle [v SREQ = 0).

Sun Microsysteins Inc CONFIIDENTIAL 12 October 1084
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3.16.8. P2-Bus Interface Timing

B L e L R R . R R L L L

P L L L L T T R T e e e L T R P

e T R kb T

P2.WR- ==----- o mmmmmmee -
VL RDACK === = === = = oo oo e oo e e e e e e e e oo
V.REQ- ------- e e
V.ACK= =====--cccocccomooonannn B e
V.MALT= =memmmmmmmem ¢ emeemeee emeeemcceemeeee-

- o - - 05 D . e - - - - = == - -

V.REQ- ==-=--- ——— eeeeeeeeeeeee-
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3.16.9.Video Controller

The videc coniroller generates the timing for the videc moniter. The following description applies
1o the “stancard Sun-2 video monitor™. This videc monitor has the folloving attributes:

Visaible Dispiay 1152 pixels by 9CC lines
Video Clock: 10 nsec 100 MH:z
Hcrizontal Cycle: 16.00 usec €2.5 kHz
Vertica: Cycie: 15000 usec 68 .66 Hz
Herizontal ketrace: 4.45 usec
Vertical Retrace: 6CC usec

Video controller latch [74F374:U3812] latches the outputs of horizontal anc verical decoding

SECI on the nsing edze of [V.HCLK].
3.16.10. Horizontal State Machine

Horizcntal counter [741LS393-U1810] is advanced every €30 nsec with the falling edge of clock
[v.HCLK]. Horizontal counter is reset with [V.HCLR] generated by video controller latch.

Herizontal decode PROM [Pox4-u1g11] decodes horizontal counter inputs [V.H50] through [V.HS6].
plus vertical blanx [VBLANK] from the verticai state machine. Horizontal decoge PROM outputs are
[V.HCLR, V.HSYNC, AND V.DISPEN]. '

3.16.11. Horizontal State Machine Timing Diagram

Signal State

STATE+1 0000 0D0O0CO0OO0®IT111111111222222
01234567 89901234561782012345

HOLK == = - = = = = = = == = = = - = _=_-_=_-_=_=_=_-_~_

DISPEN =-=---=-=--ceoco-emcccooccoooocoonoon

{sYne - emeee-e-

HRESET --

3.16.12. Vertical State Machine

Vertical counter [74LS393:U1813, U1814] is advanced on falling edge of horizontal sync [v.HSYNC].
Vertical counter is reset with [v.vCLR] from video controlier latch.

Vertical decode PROM [Poxa4:u1815) decodes vertical counter states [V.VSTATE1..7], the AND of
[V.vSTaTES..9], and [v.vSTATE10}. Vertiical decode PROM outputs are [V.VSYNC, V.CLR, V.VBLANK, AND
V.ReSCT]. The vertical decode PROM tunction is definec in PROM A1815.
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3.16.13..Vertical State Machine Timing Diagram

Signal State

STFTE+1 G O C
coo
012

Theory of Operations

ceg9g¢999¢g¢2¢
ooo00c00CO0O0111
2345676901

..........

D L b L

R L L L

3.16.14. Video Interrupt Logic

enab'e [V.INTEN] is enabled.

«

Interrupt flipflop (74F74:U1803-1) is set at the leading edge of [v.vBLANK] as Icng as interrupt

im A remembame JAn
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3.16.15.Video Clock and Shifter

The 100 MHz video clock [v.C.10] that is generated by crysia! oscillator [K11144:01800] s buftered
by gate [74F08:U1808-0] anc is then divided into a 50 MHz cleck by Hlipflop [74F112:U1801-0]).

The wvideo data [v.00..7] is loaded into two 50 MHz shitt register. [74F194:U1805. US106]. one
shiiting the odd anc one the even bits. respectively. A pair of odd anc even bits [v.vIDO, V.ViD1]
tcgether with 10 nanoseconc clock [v.C.10:] and 2C nanosscend clock [v.C.20] is converted from TTL
to ECL isvels by converter [104124:11807]) and drives the 100 LiHz shitt register [108141]. Since both
true and inverted data is loaced into the shifter. differential output levels [VIDEO.. VIDEO -] are
avaiabie on its outputs. The Gifferential outcuts are terminated with 290 Ohm resis*ors [= R1800.

1801] 10 [-5V] and are intended tc drive difierential ECL terminatec with an impedence of i0C Ohm.

R
The timing is illustrated in the figure below.
v.C.10 T T T

v.C.20 e e mmme_ mmem__ mmmm__ mmee_ meee_ ===

V.C.40  meeeemee emeemeee eemmmmee_ eeemmee-

V.STETEOD o emmeeecmessmeses_ eeeesmescmemoa-

V.DISPEN ~  ====—ceecceecmcmcmcccccceeaoas

v..oadp  ____  eeecccccccecca--

V.LDEN  ___ emeeeee-

v..o o eeeeee-

V.ELD e e mmme_ mmme_ mmem__ mmem____mmem___ ===

V.ECLK e e == === _=-
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paltype palibls8
palraze A101
palid 1.24 84/07/31

PALBEGIN

Inputs

1 INPUT P.FCO

2 INPUT P.FCI

3 INPUT P.FC2

4 INPUT BOCT-

5 INPUT Q.AUTOV-
6 INPUT RD.PROM-
7 INPUT Q.AS

8 INPUT C.S7

9 INPUT PIN®

11 INPUT B.DTACK

10 G
20 vCC

% Outputs

19 OUTPUT Q.MMU-

18 OUTPUT C.S7AS

17 OUTPUT OE.PROM-
16 OUTPUT Q.SPECIAL-
16 OUTPUT Q.INTVEC-
14 QUTPUT Q.VPA-

13 OUTPUT FCT7-

12 OUTPUT SPWAIT-

EQUATIONS

ASSERT §.MMU- § Function code 3. MMU sccess.
ENABELE ALVAYS .

OR / P.FC2 & P.FC1 & P.FCO & Q.AS

ASZZIRT C.STAS $ Dexcrgezize: C.S7 & AS

ERAZELZ  ALWAYS

OR / C.87

OR / Q.AS

ASSERT OE.PROM- % Boot and FC=6; Fetch inst from EPROM.
TUUTLE  ALWAYS

OR P.FC2 & P.FC1 & / P.FCO & BOOT & Q.AS

OR RD.PROM

ASSERT Q.SPECIAL- % Special Cycle. Inkibit CAS.
ENABLE ALWAYS

OR P.FC1 & P.FCO % FC=7 or FC=3. INTA or MMU cycle.
OR P.FC2 &2 P.FC1 & / P.FCO & BOOT &% BOOT cycle.

ASSERT Q.INTVEC- % VXE ipterrupt acknowledge cycle.
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PALEND

ENABLE ALWAYS
OR P.FC2 & P.FC1 &2 P.FCO &2 C.S7 & / Q.AUTOV & Q.45
ASSERT Q.VPA- % Local interrupt acknowledge cycle.
ENABLE ALWAYS
OR P.FC2 &2 P.FC1 2 P.FCO &2 C.S7 & Q.AUTOV & Q.AS
ASSERT SPWAIT- % DTACK for SPECIAL cycles.
ENABLE ALWAYS
OR P.FC2 & P.FC1 & / P.FCO & BOOT & / C.S7 % Boot cycles
OR P.FC2 & P.FCi1 2 P.FCO & / Q.AUTOV & / B.DTACK & VME Vector
OR "P.FC2 & P.FC1 2 P.FCO & Q.AUTOV % VPA cyclés. No DTACK.
ASSERT FC7-
ENABLE ALWAYS
OR P.FC2 2 P.FC1 & P.FCO
TIMING: NO-CLOCK
% - 12345678901234567890123466789012346678901234667890
Q.mu- = _TmTemeeme e ittt e
QA - - -- - -~ -~~~ - -~ === - -
P.FCO Tttt Tt e e e et
P.FC1 -—== ==== -=-- -—-- -——= -
p.FC2  __ mmmemmees mmmemmems mmeeeees —
¢cs7 O m=e=—-- -
¢c.s;fAs O e e et e m == ===
BOOT- = L emmemeenenenn T T T M T T --
RD.PROM- = ==e--ssmm—eoooo-—- -
OE.PROM- = ===--—-m—--e-- _mTmTmmmmsmmm——————
Q.SPECIAL- =  ====-- T T === = =
Q.AUTOV- = = =s--smssoemcsc—ce—cee—— oo
Q.INTVEC- = ==------oo-ossossssoososooooo—- ittt

- Q.VPA- = mmmmmemmmmmss oo mee e oeo oo so— oo _=-
SPWAIT- = =======----- ittt _Tmmmemses e -
B.DTACK = - - - ~-~-°- -~ "~ °-‘°"~“°"~“~‘°-°~°-°~°" ‘"~ °". -~~~
FC7-  =eTeTetemetee-  memmm—mmememee- I e _--
FPINS XXX XXXXX XXX IXIXX XTI XX IZX IXXX IXILX IIIXIIXXIIIIIXX
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paltype pallbrd
palname Al102
palid 1.16 84/07/30

PALBEGIN
% Inputs

INPUT Q.SPECIAL-
INPUT CE.IO-
INPUT Q.R/W-
INPUT S.DMA-
INPUT POR!-
INPUT TC_20480-
INPUT S.RERUN-
INPUT TYPE1

"0 ONO O WN

1 CLOCK C-80-

10 GND

11 OUTPUT-ENABLE QOE-
20 vCC

% Outputs

19 OUTPUT RD.IO--
18 OUTPUT WR.IO-

17 OUTPUT S.BERR-
16 OUTPUT S.HALT-
16 OUTPUT X.HALT-
14 OUTPUT INIT-

13 OUTPUT P.HALT-
12 OUTPUT P.RESET-

EQUATIONS

: WRITE Q.R/W ; % Define WRITE

: READ Q.R/VW- ; % Define READ

ASSZRT RD.IO- % Enzble data bulfers from I0.Dx->P.Dx
ENLELE  ALWAYS

Ch / S.DMA & Q.SFICIAL & REIAD S MU resl cycle

5 / S.DMA & CZ.ICZ &t RELD % 1/0 read cycle

OR / S.DMA & TYPEL & READ . % VME read cycle

OR S.DMA & WRITE % DVMA wTite cycle

LSCT=T WR.IO- % Enable data buffers from P.Dx->I0.Dx
ZHRrsLE  ALWAYS

OR / S.DMA & WRITE % ¥MU + I/0 + V™E write cycle

OR . S.DMA & / CE.IO & / TYPEl & READ ¥ DVMA read cycle from P2-btus

ASSERT S.BERR- % Clocked output. Syncronized bus error
OR S .RERUN

ASSERT S.HALT- % Clocxed ovtput. Syncronized kalt.

ORrR S.RERUN
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paltype paliél8
palname A103
palid 1.15 84/07/31

PALBEGIN

]

Inputs

INPUT Q.ERROR
INPUT Q.SPECIAL-
INPUT C.SB
INPUT Q.57
INPUT Q.AS
INPUT WR.PMAPOL-
INPUT Q.R/VW-
INPUT MOD
INFUT S.DMA-

1 INPUT S.BERR-

8 INPUT TIMEOUT-

- 0 003NN N -

10 GKD
20 vCC

% Outputs

19 OUTPUT Q.BERRCLK
17 OUTPUT Q.BERR-

16 OUTPUT Q.PARCLR-
16 OUTPUT WR.STAT-
14 OUTPUT WR.UPDATE-
123 OUTPUT WR.PMAPOX-
12 QUTPUT MOD1

EQUATICNS

: WRITE Q.R/V ; % Cc:zfusing once '-' gone
ASSZRT Q.BERRCLK ' % Demorgarize: .

ENABLE ALWAYS % Q.BERR & /S.DMA & /S.BERR X Q.AS

o4 / Q.BZRR

OR S.DMA

OR S.BERR

OR / Q.AS

ASSERT Q.BERR- % Processor bus error

ENABLE ALWAYS )

OR Q.ERROR &2 C.S5 & / Q.S7 & Q.AS & / Q.SPECIAL % Set only bdbtwn CS5-QS7
CR Q.BERR & §.AS % Hold while Q.AS

OR Q.BERR & / S.DMA & / Q.PARCLR % Clear parerr st end of cycle
ORrR S.BERR & C.S5 & Q.AS % Rerun cycle

CR TIMEOQUT 2 C.S6 & / Q.S7 & Q.AS % Handle timeout on Q.SPECIAL
ASSERT Q.PARCLR- % Pulse at end of Q.BERR

ENABLE ALWAYS
OR Q.BERR &£ / S.DMA & / Q.AS
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ASSERT WR.UPDATE- % ¥r stirobe for pmap nibble
ENABLE ALWAYS % ...contalning scc/mod bits
OR / Q.ERROR & C.S6 & / Q.S7 & / Q.SPECIAL ¥ Update for normal cycles
OR WR.PMAPOL & Q.SPECIAL & / Q.57 % wWritten by CPU

ASSZRT WR.STAT- % OE stat bits to pmap ertry
ENABLE ALWAYS

OR / Q.ERROR 2 C.S6 & / Q.S7 & / Q.SPECIAL % Turn-on quickly

OR WR.UPDATE & / Q.SPECIAL $ Turn-off slowly
ASSERT WR.PMAPOX- % OE IC bus to pmap entry
ENABLE ALVAYS

oRr WR.PMAPOL & Q.SPECIAL % Turno-on guickly

GR WR.UPDATE & Q.SPZCIAL % Tura-cf! slowly
ASSZIRT M0OD1 % Pmap page modified bit
ENABLE ALWAYS % De-morganize: MID cr WRITE
OrR / ¥3D & / WRITEZ

TIMING: NO-CLOCX

123456578801234567890123456788012345678901234567880

5
Q.AS - -- me mm mmmee mmee e eemmeeeee
C.Ss e e e e e e e e -
Q.S7 ——— - e e ST T
Q.ERROR  —emmeeme ToooleeT LT =<
Q.SPECIAL-  =mmommmmmmmooome et .
S.BERR- 7 —-me-eoe- - e e
S.DMA- e e
TIMEQUT- ~  —=—-m=====—o-e- B T I -
§.BEIRRCIK -- -_-- -
G.BERR-.. e e —
Q.PARCLR-  ==mm—mmmm e ST e o T e DT
WR . PMAPOL- - mmmmeeee- L mmmmemee e _mmemmm—ee- _
WE.UPDATE- ---------- e _mmemmees  mmmmmememeeee- - -
CWR.PMAPOX= =mmmmmmmmmmmmme T e e C
WR.STAT- =—==—-----e- B _m———-=
M0D I
Q.B/W-  =memTois ToelTTTT T --
¥OD1 m——e SEETeeee--  memmmmmeee- s
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static ckare sccs_id = °1.3 84/07/20°%;

/= This information proprietary to Sun Microsystems Inc =x/

- a—— —
p— p—— ———

Atttor: Model-50 Group
Date : Marck 9, 1984
Prcm Name: A1CS

Proz Type: 1024 I 4.
Speed: 35 nsec.

~
»

[ 2K 2N BN BEE INE BEE SR

T ——— — . e

L]
~

#include */usr/local/pl/proz.c*

e o ———— ———— . 2 i S et S

#define rasge(low,x,bigh) ((lov<=x)&x(x<=high))

/* Define inputs o 1K x 4 prom. */

#defire cpu_intl (a0)
#define cpu_int2 (ai)
#define cpu_int3 (a2
#define cpu_int4 !(a3)
#define cpu_intS !(a4)
#deZine cpu_int6 !(a5)
#deZine cpu_int7 - (a6)
#define wvme_1ipl2 !(a7)
#define vme_ipli !(a8)
#defize vme_iplO !(a9)

/* Define vme interrupt levels.s/

#define vme_iptl. (tvme_1pl12
#define vme_int2 (tvoe_ipl2
#define vme_int3 (tvme_1pl2
#define vme_int4 ¢ vme_1pl12
#define vme_ints ( vme_ipl2
#¥deZize vme_inté ( vme_1pl2
#define vme_int7 ( vme_ipl2

/* Perform priority encoding =/

intlevel()

{ 1int level;
level = O;
17 (vme_ipt!
12 (vme_int2
12 (vme_int3
1t (vme_int4
17 (vme_1ints
1t (vme_ints
1f (vme_int7
return(level)

cpu_intl) level
cpu_int2) level
cpu_int3) level
cpu_int4) level
cpu_intS) level
cpu_int8) level
cpu_1nt7) level

— — —— —— — —
— ——— - — —

REREREFR

nonuw o un

oo dsWN -

!vope_ipll
voe_ipll
vme_1ipll

tvme_1pl1

!vme_1ipli
vme_1ipll
vme_ipli

Se Se me e &4 woe

..

e e e e o e e e e S— e e

FEREEER

~
*

/*

—~— T - ——— ————— ——— ——————- S—— — — —— ———
e e o . i et S — ——tt, S St e i S S S o, o S o S— w—

Purpose: Interrtupt level priority enceding. VME has precedence.

T ——
e e e

vme_1ipl0)
!vme_1pl0)
vme_1pl0)

-tvme_1pll)

voe_1p10)
'vme_1pl0)
voe_1iplC)

Lovest priority */

Highest priority =/
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/* Define Dutputs =/

#define 1pl2 (intlevel () & 0x04)
sdeZine 1pl1 (intlevel () & 0x02)
#define 1plO - (intlevel () & 0x01)

main()

{
prez1024x4;

prozdegin
proz(0,¢0,11p10)
proz= (0,41, '1plt)

troex{0,d2,11312)
proc(0,¢3,1)
promeand;

wTiteproz ("AL05%,0);

}

/% msd =/

/% 1sb =/
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paltiype palifls8
palname A106
palid :.10 B4/07/31

PALBEGIN
% Iopsts

1 INPUT C.

2 INPUT C.S7
3 INPUT C.S©
4 INFUT CT.I0-

& INPUT PINS

6 INFUT PINE

7 INPUT Q.R/w-

8 INPUT P2.WAIT-
g INFUT P.AOL

11 INPUT R.DMAEN-

10 GKRD
2C vCC

% Outputs

© OUTPUT PIN1S
.2 OUTPUT PIN1S8
17 OUTPUT PIN17
16 OUTPUT PIN1§
15 OUTPUT TOWAIT-
i4 OUTPUT IOWAIT-
.3 OUTPUT Q.BANKO
12 OUTFUT Q.BANK1

EQUATIONS
: WRITE Q.R/V ; % For ease of reading

ASSERT TOWAIT-
ENAELE ALWAYS
OR WRITE & P2 .WAIT

% At 10 MHz, 2 walt I/0, 1 wait frame buffer.
: IOWAIT_10MHZ

OR CE.I0 &2 / C.S7

OR / C.S5 ;
% Av 12 MHz, 3 wvait 1/0, 2 wvait frame buffer.
: IOWAIT_12MHZ

OR CE.I0k / C.S9

OR / C.S7 ;

ASSERT IDWAIT-
ENABLE ALWAYS
IOVAIT_iOMHZ % Initial prodtctr st 10 mhz

ASSERT Q.BANKO % Seiect first ra= bank
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ENABLE ALWAYS % De-morganize: / P.AO1 or R.DMAEN
OR P.AOl & / R.DMAEN

ASSERT Q.BANK1! % Select Secozd Raxm Bank
ENABLE ALWAYS % De-morganize: P.AO1l or R.DMAEN
OR / P.AOL & / R.DMAEN '

TIMING: NO-CLOCK i :

< 12345678801234567890123458789C123468678901234567880
Q.R/VW- B e e et
P2.WAIT- --=- ———___==- ---- -
TOWAIT- - - == __mm———— - - _
€.88 = = e e e = = = = = = = = = = ===~ ===~
c.57 Tt Tt Tm__Tm_ T e mm_ v mm_ e e .,
C.Ss¢ -——-- ---- -——-- -—-- ——— -———-
CE.I0- emmmemmme T emmmmmee 7 emeeeees _
IOWAIT- s -t st - - -_-_-_- _
P.AO! T S e A e e e
R.DMAEN- —— ——— m-- ——— -—-- _——
Q.BANKO  ------ __mm———- - - __mm———— _ mm———- -
Q.BANK1 - m————- _mm———— __—m———- __mm————- __m———- __=——-
PINS ) 0 PP D009 0009 00009000000 009000LV000900090090900004
PINB p » ¢ e et Sondin b 4 pPH D OPOODI ) B BB OOl > PB DO ¢ p 4 b 4
PIN1S PR T YT I IR YT PRI ITNNYRYIITYY
FINi8 TR R TRR T YR IR R R NP INRRINNNNVNRINNTYYRY
PINIT ihddddddaddddddddddiddadda i d NN AN A
PIN1S ?777777277777772777727722727 7222772277777 7777772777

FALEND
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static chars sces_id = “1.8 84/08/02°;

/=

This information proprietary to Sup Microsystems Inc */

A ——— L

*= Author: Model-50 Group

= Date . March ¢, 1984

* Prom Name: A1604 and A1605°

= Prcz Type: 32 x 8.

= Speed: 35 nsec.

= Purpose: Video Memory State Machines

= Ticing:

= The video state machines perform &5 optioral read or write access

=  to the frame bulfer memcry followed by & video tvpdate rezd cycle.

* The basic memory cycle consists of 16 states; the state machine

= is clocked every 40 nsec and, hence, repeals every 640 nsec.

t 3

= XREQ=C (No CPU read/wTite access)

B e v e - - - -~ - -
= State 0 1 2 3 4 5 €6 7 88 9 10 11 12 13 14 b

B e e o - - - - - - - -~ - - -
* Clock == == == - T-_ t<_ e vm_ mm_ mm v v e mm e e
* VOE\ 00000000111111112222222233333333444444445555555566666666777 77777
* RAS\ - _—— —— —————————— ——
* RASO\  =--c--sesmmmsommem et e e

® CAS\ ittt ettt ————-

= G\ - - -

* WE\ = meeeeemeeemee- et Lt Lttt Lt -
_® CEVRA\ =—=-—---—mecrceccrmcr e - -
2 QEVCA\  se-cosssmmmemcm e e c e e

* OEPRA\ _ eeeeeee e e e esescoseceo e
_®_DEPCA\ ==-==sem-mmeemee © " eeemeeee—eeee— --- -
* HCLK TTIILLlIIT T

* ENREY  ---- T T

s LCAD ——ms T e=ZT T =T —— ——— — ——- ——
= LDO -- -- -- - -- -- -- -_
= D1 - .- - - - - - -
* .

= XREq=! (CPU read/wTite access)

B e e o e e e e e e e e
= State O 1 2 3 4 5 6 7 8 ¢ 10 11 12 13 14 1B

B o o o o - - - - - - - . - - T - > T - - - - -
= Clock == == == == == == == mm  me me_ mm mm_ v mm e ==
= VOE\ 00000000111111112222222233333333444444445555555586666866677777777
* RAS\  -=---oe  meeeeeeseees ——
+ CAS\ L mmmmmemmemmee— emmememememeeeee

L I A ettt A

f Y\ e eeemecccccn e ————
# DEVRA\ =—----=s-smsocosseseoconcomecnees | mmemeemmcme—eeeeo
5 DEVCA\  sommmm e s e e e e e e e

» OEPRAN e e
= DEPCA\ ---------omoeeee eeem e m e
s ACK ————

* HOQX =00 eeemeee-
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= ENREQ ----
* LOAD ---- .-
* LDO - -- - - -- -- - -_
* LDt - - - -- - -- - -
L
=/

#include */usr/local/pl/prom.c*®
#¢e’ine raange(lov,x,kigh) ((low<=x)2E(x<=2igh))

/* Define inputs to 32 x 8 proms =/ ¢

®define stated (80)
#c¢efine statel (al)
#define state2 (a2)
#define state3 (a3)
#define xTeq (a4)

/* Define outputs =/
#define nstate nrstate()

anstate ()
{ int state,xstate;

tate = (cvb(statel)=d0+cvb(statel)*di+crdb(state2)xd2+cvb(statel3)*d3);

xstate = ((state + 1) % 16);
return(xstate)

}
#define ras ((xreq &2 range(2,nstate,6)) || range (10, nstate,14))
#define cas - - ((xTeq & renge(5,rnstate,8)) ] \ -
: 4 _ (range(13,nstate,15) || (nstate = 0)) )
#define g -- ----((xreq &2 range(5,nstste,8)) ||-range(13,nstate,16))
#define ve __ ((xreq &2 range(3,nstate,10)))
#define pra fange(“étisiaio,-33‘ a
#defipe pca rarge( 4,nstate, 7)
#define vra range( 8,nstate,11)
#define ves racge(12,nstate,16)
#delfine ack (xreq 2z (nstate==9))

#define heclk razxge(0,nstate,1)
#defire load ((nstate § 2) == L
#dellne enreq (nstate == 0)

main ()
prom32:z¢;

prombegin

proe(0,d0, (nstateXd0))
proa(0,d:, (pstateldl))
prom(0,¢2, (nsiated2))
proz(0.¢3, (astzteZd3d))
proe (0,44, Ipra)
proe(0,¢5, tpea)
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prom(0,¢6, tvra)
prom (0,47, tvea)

prom(i,do0, tras)
prom (1,41, fcas)
prom(1,42, ig)
prom(1,43, tve)
prom(1,d4, hclk)
proz(1,d5, load)
prom (1,48, erreg
prom (1,47, ack)
promerd;

vriteprom(®*A1604°,0);
vriteprom(®A1606°,1);

}
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paltype palifr4
palname Al818
palid 1.6 84/07/30

PALBEGIN

% Inputs

2 INPUT V.BSI!

3 IKNPUT V.BS2

4 INPUT V.LDS-

E INFUT V.UDS-

6 INPUT V.RAS-

7 INPUT V.VWE-

8 INPUT V.RCD-

9 INPUT V.STATE3
12 IN?UT V.DISPEN-
1 CLGCK CLK

1C GND

11 OUTPUT-ENABLE OE
20 VvCC

% Outputs

18 OUTPUT V.VWU-
18 OUTPUT V.¥WL-
17 OUTPUT V.RASO-
16 OUTPUT V.RAS1-
16 OUTPUT V.RAS2-
14 OUTPUT V.RAS3-
13 CUTPUT V.CEN-
EQUATIONS

: VIDEC_CYCLE  V.STATEZ3 ;
: CPU_CYCLE / V.STATE3 ;

% Eguations to genmerate all video

ASSERT V.RASO-

OR
OR

V.
V.

RAS 2 / V.BS2 & / V.BS
LE

RAS & VIDED_CYC

ASSERT V.RAS1-

OR
OR

V.RAS 2 /
V.RAS & VIDED_

V.BS2 2
0

ASSERT V.RAS2-
V.RAS & V.Bs2 2
D

CR
OR

V.RAS & VI

ASSERT V.RAS3-
V.RAS & V.BS2 2
V.RAS & VIDzO_CYCLE

OR
OR

%
b

RAM RAS strobes

& CPU_CYCLE

& CPU_CYCLE

& CPU_CYCLE

& CPU_CYCLE

5
%
%
%

Cycle is for video
Cycle is for CPU

RAS bank 0
CPU cycle to this bank
Video cycle runms all banks-

RAS bank 1

RAS bank 2

RAS bank 3
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paltype palifls
palname A1620

palid 1.11 B4/08/01

PALBEGIN

Inputs

INPUT V.BSE.-
INPUT V.CSEL-
INPUT P2.RD-
INPUT P2 .WZU-
INPUT P2.WEL-
INPUT V. WL~
INPUT P2.A17
INPUT V.WU-
INPUT V.ACK
1 INPUT Q.AS

- 0 MO &N -

10 GND
20 VCC

% Outpots

19 OUTPUT V.RD-
18 OUTPUT V.RDC-
17 OUTPUT V.WLC

16 DUTPUT V.WUC

16 OUTPUT V.REQ-
14 OUTPUT V.RDACK-
13 OUTPUT V.WAIT-
12 OUTPUT VREQ

EQUATICNS

ASSERT V.RD-
ENABLE ALWAYS

Or V.BSEL & P2.RD & / P2.A17

ASSERT V.RDC-
ENABLE ALWAYS

8]:3 V.BSEL & P2.RD & P2.A17

ASSERT V.WUC
ENABLE ALWAYS

OR / V.BSEL
OR / Q.AS
OR / P2.A17
ORr / P2 .WEU

ASSERT V.WLC
ENABLE ALWAYS

ORr / V.BSEL
CR / Q.AS
OR / P2.A17

% NAME OK, we gen botd V.REJ and V.REQ-

% Enadble frame buffer read dsts to P2

% Epstle control reg read data to P2

% ¥rite tpper byte control reg
% De-morgazize: V.BSEL Z AS & Al7 & WEU

% ¥Write lover byte conirol reg
% De-morganize: V.BSEL & AS & A7 & VEL
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OR / P2.\EL

ASSERT V.REQ-
ENABLE ALWAYS

OR V.BSEL & Q.AS & / P2.A17 2 P2.RD &/
OR V.BSEL 2 Q.AS & / P2.A17 &£ P2.VEU & /
OR V.BSEL & Q.AS & / P2.A17 & P2.WEL & /
OR V.CSEL & Q.AS & P2.VEU & /
OR V.CSEL 2 Q.AS & P2.WEL &/
OR V.REQ &/

ASSERT V.RDACK-

ENAELE ALWAYS
OR V.ACKR / V.WNL &/ V.WU
OR P2.RD 2 V.RDACK

ASSERT V.VAIT-
ENABLE ALWAYS

OR V.BSEL & P2.RD & / P2.A17 & / V.RDAKK
OrR V.VAIT 2 P2.RD & / V.RDACK

OR / P2.WEL 2 / P2 .WEU & V.REQ

OR V.WAIT & V.REQ & / V.ACK

ASSERT VREQ
ENABLE ALWAYS
OR V.REQ-

TIMING: NO-CLOCK

% Frame

<< <<

bufZer request

.ACK & / V.RDACK
ACK
.ACK
.ACK
.ACK
.ACK

% Hold til ack

$ Used to hold deassertion of V.WAIT

% Set st ex¢ o©f read req
% Hold till RD gone

% Izdidbit DTAKK

% Set on RD

% Hold until V.RDACK
% Set 2t end of write
€ Ecld till V.ACK

% Inverter

s . 12345678801234567890123456789012346

P2 .RD-
P2 .WEL- "~

- ——— o ——— -

P2 .WEU-
Q.AS

V.RZQ-
VREQ

.ACK - -
.WAIT-
.ROACK-

—— - -

- — - ———

-——am - - -

CcC <

-——— G o -

- - -

——— - - ————— - - -

-

- - - -

- o -
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static chars sccs_1d = *1.12 84/08/20°*;

#include °/usr/local/pl/prom.c*®
#define range(low,Xx, bigh) ((lov<-x)zz(x<—high))

/% This information proprietary to Sun Microsystems Inc i/‘

/t e e ——
= Author: Model-50 Group

= Date : March 9, 1984

s Prom Name: A1811l

= Proz Type: 612 x 4.

* Speec:. b5 nsec.

® Purpose: Video horizontal state machine.

s Timing:

*

* 1 Herizontal state = 84 pixel; 1 pixel = 10 mnsec.
t

* Range Length  Length Time

* [S:ate [Staze] [Pixel] [usec]

*

- - - — - - - - - - - - - - - G T G e e G - G - -

* sxx 1152 x 900 Display x==
* cycle 00..24 25 1600 18.00 EFreq = €2.E8 KHz
* visidble 0C. .17 18 11862 11.82
= invisble 18..24 7 448 4.48
= froantporch .. 0 o o
* hsync - 18..19 2 128 1.28
= backporck  20. .24 . ..320 ...3.20
* xxx 1024 x 1024 Display »»= - : -
* cycle 00..24 25 1600 16.00 HFreq = 62.5 KHz
* visible 00..16 ---18 ' -- - 1182 11.B2 -
* ipvisble 16..24 =7 - __ 448 4.48
"+ frontporchk 16.~16 ---_ 4-- - 84~ 0.64 -
v bksyze 17..18 2 128 1.2
* backpcerech 19..24 € - 384 3.84 -
B e e - - - - -—
=/

/% Defipe Inputs =/

ice res_1152x900;

2de’ine b0 (a0)
#define bl (a1)
#define h2 (a2)
" .ilme 3 (s3)
sdefine h4 (24)
sdefine k5 (25)
#d4efine b8 (a8)
tdefine b7 (a7)

#define vdlark (a8)

#define state {(cvd(BC)=*d0 + cvdb(hi)»*dl + cvb(k2)=42 + cvb(h3)=d3 + \
i cvdb(h4)=*d4 + cvp(n5>:cs + cvb(h6)=d6 + cvb(h7) =47 )
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#define nstate ((state + 1) ¥ 25)

dispen()
{ 1nt dispen;
1¢ (res_1152x900) { .
dispen = (!vblank Xk range(0,nstate,17));
} else {
dispen = (!vblank 2% range(0,nstate,15));

}
rettro(dispen);
}
bsync OO

{ 1p: hsync:
iz (res_1152x900) {

hsync = raoge(18,nstate,19);
} else {
keyzc = range(17,nstate,18);
}
return(hasync) ;
)
#de’ire hreset (nstate == 0)

#define vclock (mstate == 21)

main ()
{
prom5:i2x4;

res_1152x800 = 1;
prombegin

pron(0,d0, hsync())
proz(0,¢1, dispen())
prom(0,d2,7d¢1spen()) ~
proz(0,d3, hreset)
prozend; ‘

res_1152x8C0 = O;
prombegiz

prom (1,40, bsyrc())
pro=(1,d1, dispen())
prom(1,d2,'aispen())
prom(1,d3, hreset)
promend;

vriteprom(®A1811°*,0) ;
vrittTrom(®AL811_1C24°,1);
}
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static chars sccs_14 = °1.10 84/08/20°;

#include °/usr/local/pl/prom.c*
#define range(low,x,high) ((low<=x)&&(x<=high))

/*

~
*

SR R R 2 BE BE BE BE W NP N N I S I SN SN S S S S R

This information proprietary to Sun Microsystems Inc */

Author: Model-50 Group

Date : March 9, 1984

Prom Name: A1816

Prom Type: 512 x 4.

Speed: 65 nsec.

Purpose: Video vertical state machine

1 states = 1 line = 18.00 usec (62.50 KHz)

Range Length Time
[Lines) [Lines] [usec]
*#*x 1162x900 Display #*s»
cycle 000..938 937 14992 €6.70 Hz
visible 000..899 900 14400
invisble 900..938 37 592
frontporch - 0 0
vsync 900..909 10 180
backporch 910..938 27 432
**% 1024x1024 Display »=*»
cycle 000..1080 1061 16978 68.91 Hz
visidle 000..1023 1024 16384
invisble 1024..1060 37 692
frontporch . 0 0
Vvsync 1024..1033 10 160
backporch 1034..1060 27 432

- —— - - - - ———— —— - - - o

»*
~

~ 1nt res_1162x900;

/% Defipe Inputs to prom */
#define vO o
#define vi (al)
#define v2 (22)
#define v3 (a3)
LIt 74 (a4)
#derliue vb (as)
#define v6 (a8)
#define v7 (a7)
#define v8 (a8)
#define v9 (28)
#lefine vi0 (20)

#define line (cvb(v0)*d0 + cvb(vi)*dl + cvb(v2)*d2 + cvd(v3)*d3 + \
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cvb(vd)=d4 + cvd(vG)*ab + cvd(v8)*dS + cyb(v7)*d7 + \
cvb(v8)*d8 + cvb(v9)*d9 + cvb(vi0)=410)

vsyac () .
{ int vsync;
i1 (res_11562x900} {
vsync = range(800,1l1ne,909);
} else { :
vsync = range(1024,14ipe,1033);

)
return(vsync) ;
}
vblank ()

{ 1ip: vblank;
17 (res_1152x900) {
vblank = (line >= ©00);
) else {

vdlank = (line >= 1024);
) -
rescrz(vtlank) ;
}
vreset ()

{ 41nt vreset;
1f (res_1152x900) {
vyreset = (lipe >= §36);
} else { _
1060) ;

vreset = (line >=
}
returz(vreset) ;
etz ()
{
proz812x4;

res_1182x900 = §;
prezbegin

pre=(0,40, vsync())
proz(0,d1, tvreset (D)
prom(0,d2, vdblsak())
prom(0,¢3, vreset())
prozend;

res_11521900 = 0;
proebecin

crom(1,¢0, vsyncQ))
prom(1,¢1,1vreset())
prom(1,¢2, vdbiank())
prom(1,¢3, vresst())
promend ;

vTiteprom(®A1816°,0);
wTiteprom(*AiBIE_1C24°,!
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paltype pallér8
palaame A214
palid 1.3€ 84/08/28

PALBEGIN

% Inoputs

2 INPUT S.RREQ-
3 INPUT S.EREQ-
4 INPUT S.XREQ-
5 INPUT S.EH3LD
€ INPUT P.BG-

7 INPUT S.ASIN
8 INFUT S.ERR-

9 INUT Q.57

1 CLOCK CLK

10 GND

11 OUTPUT-ENABLE QOE-

20
%

19
18
17
16
16
14
13
12

EQ

cC
Outputs

OUTPUT
OUTPUT
oUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
oUTPUT

UATIONS

: IDLE

R .DMAEN-
E.DMAEN-
X .DMAZN-
E
S
S

.DMA-

.ASOFF-
PIN13-
S.BR-

/ R.DMAEN &k / E.DMAEN & / X.DMAEN ;

% Non-coatigous DVMA
: GRANT1

P.BG &/ S.ASIN & IDLE & S.BR & / S.ERR ;

% Back-to-Back DVMA (Last state on current DMAEN cycle)
P.BG & S.ASIN & S.ASOFF & S.DMA & S.BR & / S.ERR ;

" OR

. GRANT2
ASSERT S.BR-
OR / P.BG & S.RREQ
/ P.BG & S.EREQ & S.EHOLD
OR / P.BG & S.XREQ
i S.BR & S.RREQ
CR S.BR & S.EHOLD & / R.DHAEN
OR S.BR & S.XREQ
OR S.BR & R.DMAEN & / S.ASIN
OR S.BR & S.DMA & / R.DMAEN & / Q.57

ASSERT R.DMAEN-

OR
OR

S.
S.

RREQ & GRANT!
RREQ & GRANT2

n WMARANMNMNM AN

Set

Set

Set

Hold. Pending S.RREQ

Hold. Pending S.EROLD /R.DMAEN
Held. Pending S.XREQ

Hold wkhile R.DMAEN

Hold while E.DMAZN and X.DMAZN

Refresh ¢dvms



Dect 4 11:35 1984 A214.pal Page 2

OR R.DMAEN & S.DMA & / S.ASOFF
OR R.DMAEN & S.DMA & / S.ASIN
OR S.DMA & / S.ASOFF & / E.DMAEN & / X.DMAEN % Deal with S.DMA on POR
ASSERT E.DMAEN- % Ethernet dvma
OR S.EREQ & S.EHOLD & / S.RREQ & GRANT1
OR S.EREQ & S.EHOLD & / S.RREQ & GRANT2
OR E.DMAEN & S.DMA & / S.ASOFF
OR E.DMAEN & S.DMA & / S.ASIN
ASSERT X.DMAEN- % VME-bus dves
OR S.XRESJ & / S.RREQ & / S.ERZJ & GRANT!
313 S.XRES & / S.RREQ & / S.EREQ & GRANT2
OR X.DMAEN & S.DMA & / S.ASOFF
OR X.DMAEN & S.DMA & / S.ASIN
ASSZIRT S.DMA- % R.DMAEN or E.DMAEN or X.DMAEN
ORr S.RREQ & GRANT! % Refresh turoons
OR S.RREQ & GRANT2
OR S.EREQ & S.EHOLD & / S.RREQ & GRANT! % Ethernmet turtons
c= S.EREQ & S,EU"'D & / S.RREJ & GRANT2
CR S.XREQ & / S.R & / S.EREQS & GRANT1 % VME turnens
OR S.XREQ & / S. RE~ & / S.EREQ & GRANT2
OR S.DMA & / S.ASOFF
OR E.DMA X / S.ASIN
ASSERT 'S .ASOFF-
CR R.DMAEN 2 S.ASIN
OR- - -—-S-DMA & Q.S7 & S.ASIN
OR S.ERR
% Assert E.CLR to clear Etkerret reguest flipflcp.
ASSERT E.CLR-

.OR - S.EREQ 2 E.DMAEN & / S.ASIN
TIMING '
5 1122334455567788990011223344556677889900112223445565778899001122
CLK = == = = s e e e === s s s s - - - = - e - - .- -~~~
P.BG- reemme | mmmee= T T T T T T T T T T T T T Ll e
S.BR- Pomes | mmmee- ——— meememeemeeea
S.RREQ- mmme e e
S.EREQ- =  —=---—-—emeee- - == -- -—— -
S.Z®gLy memeee.  mmmsses—scee—eee
S .XREG- ececcceremmr——————— —em=  eeeccsccmaccccccec e e
S.ASOFF- ? - mm=eeme- T __Tmmmemeeee T -
S.ASIN -——- ——-- - === ———-_ mmm__ -
.57 -—— -- -- - -
X .DMAEN- ??7mmmmmmmmmmmmmmmm—mes | —==eo= | meeemmemeece—emm——eeeeo
E.DMAEN- P77 mmmmmmmmmm e B B e e
R . DMAEN- ?P?mmmm | mmmmee B TR SIS emememeeee
S.DMA- ?7%====  eemmee  memeee meeeeeeeeee
E.CLR- L S—— R :::::::::::: .............. e
S.ERR- = meememeceeesemcemcecmmcccmr e e _ mmm=——-
OE-
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PIN13-

PALEND

.......
..............
................
.............
.......
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paltype palifl8

palname AS00

pa

14d 1.11 84/07/30

PALBEGIN

%

- 00 3OO I N -

1

1<
20
%

19
18
17
16
15
14
13
12

Inputs

INPUT
INPCT
INPUT
NPT
INPUT
INPUT
INFUT
INPUT
INPUT

INPUT

GND
vce

Cutputs

OUTPUT
CUTPUT
OUTPUT
OUTPUT
OUTPUT
CUTPUT
CUTPUT
OUTPUT

EQUATIONS

XM ma XM

‘Vvvrto oo m

.0E-
.FCO
.FC1
.FC2
.AS-
.UDs-
.LDS~

: WRITE Q.R/V ;

ASSIRT E.WE
ENASLE ALWAYS

OR / E.DMAEN
OR / S.ASON
CRr S.ASOFF
8]3 WRITE

ASSEET E.CE-

ENABLE ALWAYS
E.DMAEN & / S.ASOFF & WRITE

OR

W WA R

ASSERT P.FCO
ENASLE

Function codes

R.DMAEN:
E . DMAEN:
X .DMAEN:

S.DMA

for DVMA cycles:
FC=7. CPU space.
FC=5. Supervisor dsata.
FC=5. Supervisor data.

¥ Re

fresh DMA enadle

% Ethernet DMA enable
% VM= (eXterral) DMA enadld

% Re

% De
$E.

2d cr Write

morganize:
DMAEN & S.ASON & / S.ASOFF & / WRITE
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OR NEVER

ASSZIRT P.FC}
ENASLE S.DMA

4 A215.pal Page 2

OR / R.DMAEN

ASSERT P.FC2
ENASBLE §S.DMA
OR NEVER

ASSERT P.AS-
ENASLE §S.DMA
CR S.ASON ¢

ASSZRT P.UDS-
ENABLE S.DMA
OR E .DMAEN
CR X .DMAEN

ASSERT P.LDS-

ENABLE S.DMA
OR E.DMAEN
CR X .DMAEN

TIMING: NO-CLOCK

.R/W-
.ASON-
.ASOFF-
.DMAEN-
.V
.0E-

MM o R

. DMAEN-
.DMA-
.FCC
.FC
.FC2
.AS-

‘vvvto o

.AO
.DMAEN~
.UDs~-
.LDs-
.UDs-
.LDs-

WU X XXM

PALEND

% Address strobe fcr DVMA cycles

/ S .ASOFF
% Data strobes fcr DVMA cycles
X/ E.AO k S.ASON & / S.ASOFF
& X.UDS & S.ASON & / S.ASOFF

Z S.ASON & / S.ASOFF
X X.LDS & S.ASON & / S._ASOFF

12345678901234567890123456789012345678501234567890

...................... - - -
———————————————————————————————— mﬁm
................ — x
................................ A E—
——— m——e—e -- - __ -~ XXXXXXIIIIIIIILIIX
RP——— -
e z T cmmmm—m= emmmmme- s
............................. mmm
R EE A 2 R MR A ar s e G e e G GRS N - mmx
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1type paliér4
lname AB07
11¢ 1.18 84/08/01

PALBEGIN

5

O 00 oo n WD

Inptuts

INPUT WR.DCP-
INPUT C-160
INFUT C-320
INPUT C.S¢
INPUT P.AO!
INPUT RD.DCP-
INPUT C.S8
INPUT C-80-

CLOCK CLK

1 OUTPUT-ENAELE Oz-

20
%

19
18
17
16
15
14
13
12

EQ

AS

o 3o
\S 1) P9

vce
Outputs

OUTPUT MAS-
CUTPUT D.START-
CUTPUT D.END- -
OUTPUT T160-
QUTPUT T240-
OUTPUT WAIT-
OUTPUT MDS-
OUTPUT P2.WAIT-

UATIONS

SEZRT MAS-

ENABLE ALWAYS

OR

AS

P.AOl & WR.DCP & / C.S¢9

SERT D.START-

ENABLE ALWAYS

OR
OR
GR

AS
Or

AS
OR
OR

AS
CrR

/ P.AOL & RD.DCP &
/ P.AOL 2 WR.DCP &
D.START & / T240

nn
U)U)
0 O

& C.S8

SERT D.END-
D.START & / T240

SERT T160-
D.END & C.S9 & / C-320 & C-160
Ti60 & / T24¢

SERT T240-
T180

% Write strobe from I/0 decoders

% Address strobe to DES chip

% DCP addr stroSe. Unclocked.

% DCP data strode. Unclocked.

% DCP datas strobe. Clocked.

% Internal clocked edge

% Internal clocked edge
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ASSERT WAIT- % Clocked

OR D.START & RD.DCP & / D.END & / T160 & / T240

OR D.START 2 RD.DCP & / C.S9 & / T160 & / T240

OR D.START ¢ RD.DCP & C-320 & / T180 & / T240

OR D.START &2 RD.DCP & / C-180 & / T180 & / T240

OR D.START & WR.DCP & / T240

ASSERT MDS- % Actual data strobe to ciip

ENABLE ALWAYS

OR D.START

0)3 D.END

OR MDS & / C-80 .

ASSERT P2.WAIT- % Open-collecior WAIT

ENASLE WAIT

OR WAIT

TIMING

% 11223344556677889900112233445556877889900112233445566778899001122
CLK --------------------------------
c-80- :_I-:_I_:_I-:_‘_'_‘.'_Z_:_Z_I ----co-oC-C-c-co-ZZoZ-oCooozCczZ
C-160 e R ==
c-320 ST DT ST T TS i, Tl
€C.86 = memmeeeemeeeeeeee memm | e

€.S9  eemeeecceeee- - emeecaeeea

P.AGL eeeeeeeeaao

MAS= = sececemeecmemmemmmmcmmmemcee | e e e
WR.DCP- - ------ -—_ - - ---
RD.DCP- = =mcmeemmmemeeee mmmmmmmmmmmmmmeee | ceecceeeea
WAIT- ?772777??7 e=meeeeesceseesmeee meeeeeeeeeeoo
P2 .WAIT- P77 00000000000 00004 IXTTIIXIIIYIXY
D.START- ??727???  mmmemmmmmeee——eee | meeeeemeeeo
D.END- 777777777 00200 =eeememeeecemecee ==eeeeeeo
¥DS- R 2 s —
T160- e e e
T240- 27777 mmmmmmmmmmmm—s | mmmmmm oo T —
OE- '—" '_"
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paltype pallbl8
palname A810
palid 1.42 84/10/04

PALBEGI
% Izputs

INPUT RD.P1-~
INPUT WR.P1-
INPUT B.AEN-
INFUT B.TC3-
INFUT X.DMA-
INPUT P.RESZT-
INPUT X.DMAEN-
INPUT P! WRITE-
INPUT C.S54-

1 INPUT Q.INTVEC-

3 INPUT P.R/V-

o0 0O oS WA -

10 GND
20 VCC

% Outputs

19 OUTPUT VME.DWEN-
18 OUTPUT B.BSEL-

17 OUTPUT B.RERUN-
16 OUTPUT B.FREZZE-
15 OUTPUT VME.DOE-
14 OUTPUT XHOLD-

12 OUTPUT VME.DIE-

UATIONS
ASSERT B.BSEL- ) % CPU vacis vme mastership
ENABLE ALWAYS
OR RD.P1 & / X.DMAEN % Read cycle
OR WR.P1 & / X.DMAEN % Write cycle
CR Q.INTVEC & / X.DMAEN % VME interruapt acknowledge cycle
OR B.BSEL 2 C.S4 % Hold during read-modify-write cycles
CR B.BSEL 2 B.FREEZE % Hold¢ during any rertn coaditicn
ASSERT B.FREEZE-
ABLE ALWAYS
OR B.RERUN & / X.DMAEN & / P.RESET § Set
OR B.FREZZE & / C.54 & / P.RESET % Hold startirg oz RERUN turrn-cf?
Or B.FREEZE 2 / RD.PL & / VR.PL & / Q.INTVEC & / P.RESET
OR B.FREEZE & X.DMAEN & / P.RESET
ASSERT B.RERUN-
ENABLZ ALWAYS
OR B.T03 % 2.5 usec short timeout
OR RD.P1 & X.DMA & / XHOLD % Bus deadlock
OR WR.P! & X.DMA & / XHOLD % Bus deadlock
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OR Q.INTVEC &2 X.DMA & / XHOLD % Bus deadlock

OR B.RERUN 2 C.S4 % Hold until CPU accepts Rerun.
ASSERT XHOLD-

ENABLE ALWAYS

OR X .DMAEN % Set :

OR XHOLD & X.DMA % Hold till end of XDMA
OR YXHOLD & B.FREEZE % Or Hold till rerun cycle
ASSERT VME.DWEN-

ENABLE ALWAYS

OR C.S4 & / X.DMA & / B.FREZZE & / B.BSEL

ORr C.S4 & / X.DMA & X3CLD

oR C.S4 & X.DMAEN

ASSEIRT VME.DOE- % Enabdle output data to VME
ENAELE ALWAYS

OR B.AEN & / X.DMAEN & / P.R/¥- & C.54 % Set oz CPU write.
OR B.AEN & P1.WRITE & B.FREEZE % Hold durirg CPU rerun
OR X.DMA & / P1.WRITE % DVMA read

ASSZIRT VME.DIE- % Enable irptut data from VME
ENAELE ALWAYS

OR RD.P1

OR Q.INTVEC

OR X.DMAEN & / P.R/¥W-

TIMING: KO-CLOCK

S C 1234567890123456789012345678901234567

P.RESIT- e e

B.TO3- ——-- ———m——e -

B.BSEL- =~ - - - - - —————-

B.FREEZE- et T

B.RERUN- = =m=mmmm—eeemeeeee - -

RD.Pi- - - - Tee—ee- ——— e -

WR.P1- ..'.—..--_ ...... :-:--_--:-_.:---:-

Q.INTVEC- ===m=-mc-- e et

C.S4- I S

XHOLD- -— - ——— -

X.DMA- ———— e

B. - - eee—- . ——

X.DMAEN- =mccmcmoooce—eeee- _m——em- -

Pl .WRITE- = ----- e mme e

P.R/vw- e e e

VME .DVEN- = ==—=—=emememeo oo _mm—mmeee - -

VME.DJE- = ====== ——me—————- e o=

VME .DIE- - mmmmme e m = e e == -

PALEND
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static chars sccs_id = °1.17 84/10/02°;

/= This information proprietary to Sae Microsystems Inc s/

- — ———

Author: Model-60 Group

Date : Marck 9, 1984

Prom Name: A811

Prom Type: 1024 x 4.

Speed: 25 nsec.

Purpose:. VME-Bus Arbiter and Master functioms

Tizing:
The arbitration state machine supports the CPU as either the Arbiter,
a nere Bus Master, or Both. The state machine supporis overlapred
dats transfers and bus srbitration. If we &re the bus arbiter and
no one wants the bus and the dbus is not busy then ve will wait it
Bus Master State under the assiumption that the nexi bus transfer vill
be from the CPU to the VME-Bus. Likewise, 1f are the current bus
master, ve vill remain in Bus Master State until someone specifically
rectests the Pis. These steps remove arbitratioz overdead or CPU %o
VME accesses aiad do nol slow bus arbdbitration on reguests by other
bus masters.

~
»

The arbitration state machine has 9 potential states. These states are:

IDLE Bus in use by anotbher master

BUSREQ : We are issuing a bus request

WAITFORBUS Next dus cycle is ours. Walt for desssertion of AS.
WAITREQ .. -Next bus .cycle 1s. ours. Hold -bus request one more stave.
BUSGRANT Ve are issuing & bus grant out. -

MASTER_REQ Ve just became bus master after asserting dus request.
MASTER We are bus master asserting bus busy.

MASTER_NB Ve are bus master not asserting bus busy.

MASTER_G Ve ere-bus master—asserting buts graat out.

Y R E E e

L]
~

#irclude */usr/local/pl/prom.c®

#define range(lov,x,digk) ((low<=x)&E(x<=high))
/* Define inputs to 1K x 4 Prom. &/
®deZine bgout 1(a0)

#define bdout 1(a1)
#define drout 1 (a2) -
#define aen 1(a3)
#define ddin 1(a4)
#define brir 1 (286)
#éefine =s 1(268)
®define sel 1(a7)
#define bgin 1 (28
#define ard 1 (a§)

/* Define Bus Busy. "bbir® suppressed externally if °*bdout® asserted. =/
/* Preverts tracsition fros MASTER to BUSGRANT to IDLE om o3Ir owvn *btboti’. */
#define busy (bdbin || bdozt)



Oct 4 11:35 1884 ABll.c Page 2

/= Define Bus Req. *bdrin® suppressed externally if "brout® asserted. =/
/+ Prevents transition froe BUSRE] to MASTER to MASTER G on our own °*brout®. »/
#define breg (brin || bdbrout)

/* Define potential states =/

#define IDLE (tbgout &% Ibbott && Ibrout &k !sen)
#define BUSREQ (tbgout &x !{bbout & brout &k !aen)
#define WAITFORBUS (ibgout 2k bbout && idbrout &X !aen)
#define WAITREQ (ibgout &x bddbout &k brout &X laen)
®de’ine MASTER REQ (!bgout k& bbout X bdrout &k aen)
zée’ine MASTER ('bgout &r bbout &k Ibrcut £ sen)
#define MASTER NB (!bgott £z !bbott Xk !brout X aen) .
#deline MASTER G ( bgout &x !bbott & Ibrout XX aec)
®define BUSGRANT ( bgott k& !bbout 2& Ibrout &X !aen)

/* Define state transitions =/

B_IDLEQ)

{ izt value; :
value = ard 2x IDLE 22 (busy &k !sel);
value |= ard &t IDLE 2 (!busy kX !sel 2k !treq 22X =s);
value |= arb & BUSGRANT ZZ (busy & !sel);
value |= arb &k BUSGRANT Z& (ibusy && !breq); /= Error s/
value |= tard 22 IDLE && (!sel &£ 1bgin);
value |= tardb 2k MASTER &2 (!sel Xk !bgir & breq):
value |= tarb &k MASTER NB XX (!sel &2 !bgir);
value |= tard & BUSGRANT &x (isel 2% idgin);
return(value);

)

»_BUSREQQ)

{ irt value;
valve = ardb &t IDLE 2& (busy &t sel);
‘value [= arb kk BUSREQ & (busy): ,
value |= arb &k BUSGRANT & (busy &2 sel);
value |= tard &k IDLE xx (busy &k sel XX bdbgin);
value |= tard £z IDLE 22 (sel 2k !bgit);
value |= tart rr BUSREQ 2z (Stsy),
value |= tarb 2x BUSREQ && (!bgin);
value |= larb &2 BUSGRANT &2 (sel XX !bdgirt):
retura(valve);

}

n_WAITFORSUS ()
value;
value = arb 22 IDLE k& (!busy £2 sel XX as);
value |= arb 2& WAITFORBUS &2 (as);
value |= ard &2 WAITREQ 2& (as);
value |= tarb &k IDLE 2& (!busy &k sel 2X as k& bgir);
value |= tard & WAITFORBUS & (ss);

value |= " tard &r WAITREQ k& (as);
return(value) ;
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n_WAITREQQ

{ izt vslue;
value = ard &k BUSREQ &2 (lidusy &£ as);
value |= lard &z BUSRE] 2 (!busy 22 as && bgin);
return(value);

}

n_HASTER_REQ()
{ int value;

value = arb &£X BUSREQ & (Ibusy &k !ss);
value |= lard &x EUSREQ &k (lbusy && l!as & bgin);
rettrrz(value);

}

B_MASTER()

{ 1ot value;
value = ardb & IDLE 2z (!sel 2k !busy & !breq &2 !as):
value |= ard> 2r IDLE 22 (sel &k !busy &2 !as);
value = &rd &£ WAITFORBUS &2 (!as);
value |= ard &k WAITREQ && (!as);
value [= &b &r MASTER_REQ:
value |= arb & MASTEZR 2 (sel & !breq):
value |= ard XX MASTER &X (sel B2 breq XX !ss);
value |= ard &Xx MASTER &% (!sel &% !breq);
value |= 'ard &£ IDLE 2t (sel &2 !'busy &if !ss XX bdbgin);
value |= lardb &x WAITFORBUS k& (!as);
value [= lard &x WAITREQ 2k (las);
value |= 'ard && MASTER_RER;
value |= !ard X MASTER 22 (sel ZX !breq):
value |= tardb &x MASTER &k (sel kX breq && !as):
value |= lardb k& MASTER 22X (!sel I !breq);
value |= tard &2 MASTER 2x (bgit);

_ return(value);

} .

r_MASTER_NB()

{ 1int value;
value = tarb &2 MASTER 2k (sel Xk !bgin 22X breq &2 as);
value |= tardb &2 MASTER_NB 22 (sel &k !dgin);
return(value);

>

n_MASTER_G()

{ izt value;
valoe = arb &kt MASTER &X (sel 2t breq X as);
value [= ard &z MASTER G 22 (sel);
value |= tard 2& MASTER NB &2 (sel kk bgin);
value |= fard k& MASTER G &k (sel);
return(value);

}

p_BUSGRANT ()

{ int value; ‘
value = ard 2k IDLE Xx (isel XX !'busy & breq):
value i= ard &x MASTER & (!sel &X bregq):
value |= aro k2 MASTER G &2 (!sel);
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value |= arb Xx BUSGRANT 2z (!dusy X2 bdreq);
value |= lard &2 IDLE 2B (!sel Z& bgir);

value |= tard & MASTER NB &2 (isel &2 bgin);
value |= 1ard &z MASTER G 2% (lsel);

value |= tart &X BUSGRANT &2 (bgin);
returz(value);

}
/* Deline nev outputs */

#define p_bgout (o _MASTER_G() || n_BUSGRANT(])

#define n_bdbost (n_WAITFORBUSQ Il n HAITR,Q() Il n_MASTER REQQ) || n_MASTERQ))
#desine n_brout (r_BUSREI(Q || p_WAITREQ() !| r_MASTER RET()

#define n_aer (b _MASTER_REQ(Q) Il n_HAST:P() Il 3_MASTER N2() || n_MASTER_GQ))

main()
{
proniC24x4;

prozbegin
prom(0,¢0, !n_bgout)
prom(C,dl, !n_bbout)
prom(0,¢2, !n_brout)
proz(0,d3,!n_aen)

promend ;

wvriteprom(®A811°,0);
} .
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paltype palifls8

palname A814

palid 1.10 84/10/04

PALBEGIN

wm

:eomqonm.nwtou

[
~N o

10 GND
20 vCC

INPUT
INPUT
INFUT
INPUT
INFUT

INPUT

INPUT
INPUT
INFUT

Inputs

.C1
.C3-
.RAS

wwweaotw w

% Outputs

L X38Y-
.230UT-
.BROUT-
INPUT P1.BRO-
INPUT Pl .BR1-
INPUT P1.BRZ-
P1 .BR3-
B.BRIN-
P1.SYSR-

1§ OUTPUT B.TO3-
18 NOTUSZD
16 CUTPUT B.SYSR
14 NOTUSED

13 OUTPUT B.BESY-
12 OUTPUT B.BR-

EQUATIDONS

ASSERT
ENABLE
OR

ASSERT
ENAELE
OR

ASSERT
ENABLE
CR

ASSERT
ENABLE
CR
OR
Ok
OR
OR

B.TGC3-
ALWAYS

B.C
B.SYSR
ALWAYS

P1.SYSR-

B.BBSY-
ALWAYS
B.XBSY

B.BR-

ALWAYS
P1.BRO
P1.BR1
P1.BR2
P1.BR3
B.BRIN

z

L 20 20 2N 2N J
N NN NN

3 &£ B.C1

/

wwwww

.BBOUT

.BROUT
.BROUT
.BROUT
.BROUT
.XBSY

%X Inverter

% Hold to correct RC delay
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TIMING: NO-CLOCK
%

B.C1

B.C3-

B.TO3-

P1 .SYSR-
.SYSR
. XBSY-
.B30UT~-

.238Y-

wwww

B.BR-

B.BROUT~
B.BRIN-
Q.RAS

P! .BRO-
P1.EBRi-
P1 .BR2-
P1 .BR3-

PALEND
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paltype pallbls8
palpame A816

palid 1.9 B4/10/08
PALBEGIN

% Inptts

1 INPUT Q.AS

2 INPUT P.LDs-

3 INPUT P.UDS-

4 INPUT B.BERRIN-
§ INPUT B.DTACKIN-
6 INPUT B.AEN-

7 INPUT B.BIN-

8 INPUT B.FREZZE-
9 INPUT C.S6

11 INPUT B.BSEL-
14 INPUT B.BBOUT-
10 GND

20 vCC

% Outputs

18
18
17
16
15
13
12

E:

OUTPUT P1.AEN-
CUTPUT B.AS-
OUTPUT B.LDS-
OUTPUT B.UDS-
UUTPUT B.DTACK
OUTPUT B.DEN-
OUTPUT B.BERR-

UATIONS

: XEN B.AEN & B.BEN & B.DEN ;

ASSERT B.AS-

ENABLE ALVAYS

OR XEN &£ B.BSZ. &£ C.S6 & Q.AS & / B.FREEZZE

(0).3 XEN £ B.AS & B.FREEZE % Hold bdetween C.S4 and C.S6
OR XEN £ E.AS & Q.AS 4 a’ter FREZSZIE deassertiorn
OR XEX £ B.AS &k / B.BBOUT & B.LDS % Add 2 delay on last vme cycle

OR XEN & B.AS & / B.BBOUT & B.UDS % Add 2 delay on last wvme cycle
ASSERT B.UDS-

ENABLE ALWAYS

OR XN £ B.AS £ B.BSEL &£ G.AS 2 P.UDS & / B.FREEZE

OR XEN 2 B.UDS & B.FREEZE

OR XEN &2 B.UDS & Q.AS & P.UDS % Hold detween C.S4 and C.S8
ASSZRT B.LDS-

ENABLE ALWAYS

OR XEN 2 B.AS & B.BSEL & Q.AS & P.LDS & /. B.FREEZE

CR XEN & B.LDS & B.FREEZE
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OR XEN & B.LDS & Q.AS & P.LDS % Hold for rerun cycle

ASSERT B.DER-
ENABLE ALWAYS

OR B.AEN & B.BEN & B.BSEL &£ C.S6 & Q.AS
& / B.DTACKIN & / B.BERRIN & / B.FREEZE
OR XEN & B.FREEZE
OR XEN & B.AS
OR XEN & B.LDS
OR XEN 2 B.UDS
ASSERT B.DTACK % Demcrganize:
TNASLE ALWAYS % DTACKIN DN / FREZIE & CS6
OR / B.DTACKIN
ORr / B.DEN
OR B.FREEZE
OR / C.S6
ASSERT B.BEZRR-
ENABLE ALWAYS
CR B.BEZRRIN & BE.DEN & / B.FREZZE & C.S6
ASSZRT P!l .AEN-
ENABLE ALWAYS
OR B.AEN 2 B.BBOUT
OR B.AEN X B.DEN 2 B.FREEZE
OR B.AEN & B.LDS & P.LDS % 0ff at P.DS + 1 pal
CR B.AEN & B.UDS & P.UDS % Off gt P.DS + 1 pal
TIMING: NO-CLOCK
% 1234567890123456769012
B.B30UT- ——
B.BEN- - --
B.AEN- - -
P1 . AEN- - - -~
c.s6 00000 === e-- ——— -—-
a/as e
B.AS-  —-c-- e - ==
B.FREEZE- ===-=== =meceemeeeee-
B.BSZL- ——— T e eme -
B.DTACKIN- —ecc-ooC —-
B.DEN-  ====C - = -
B.DTACK -
B.BERRIN- = ===cmmm—cemoeoooes -
B.BERR- —m—mmmememeeeeeee- -
P.UDS-  ——--- _m——e-- -
B.UDS- = mmmee cmmmmemeeo --
P.LDS- = =em-- T - -
B.LDS-  mmem- - el

§
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