Part Number 800-1187-01
Revision 50 of 28 September 1984

Engineering Manual
for the

Sun-2/120 Video Board

Sun Microsystems, Inc.,
2550 Garcia Avenue
Mountain View
California 94043
(415) 960-3300



Trademarks
Multibus® is a registered trademark of Intel Corporation.
Ethernet® is a registered trademark of Xerox Corporgtion.
UNIX® is a trademark of Bell Laboratories.

Sun Workstation® is a registered trademark of Sun Microsystems, Incorporated.
Sun-2/120%, Sun-2/170® and DVMA®
are trademarks of Sun Microsystems, Incorporated.

Copyright © 1984 by Sun Microsystems.

This publication is protected by Federal Copyright Law, with all rights reserved. No part of this
publication may be reproduced, stored in a retrieval system, translated, transcribed, or transmit-
ted, in any form, or by any means manual, electric, electronic, electro-magnetic, mechanical,
chemical, optical, or otherwise, without prior explicit written permission from Sun Microsystems.

—iji-



Revision History

Revision

Date

Comments

60

28 September 1984

First release of this Theory of Operation Manual.

- il —




Contents

Chapter 1 Overview ... ... 1-1
Chapter 2 Functional Description ... 2-1
Chapter 8 OPeration ..o 3-1
Chapter 4 P2-BusInterface 4-1
Chapter § Video Controller .. ... 5-1
Chapter 8 Video Clock and Shifter ... 6-1
Appendix A Video Board Schematics . .. ....——— A-1
Appendix B Video Board PALs and PROMs . .. B-1

— v —



Contents

PrEface ... e xii
Chapter 1 Overview 1-1
Chapter 2 Functional Description ...~~~ 2-1
2.1. Memory Map ... 2-1
2.2. Control Register .. ... . .. 2-3
2.3. Serial Communications Controller .~~~ 2-4
24. Video Memory ... 2-5
Chapter 8 Operation .. ... ..o 3-1
Chapter 4 P2-BusInterface ...~~~ 4-1
4.1. P2-Bus Address Decoding ... . 41
4.2. P2-Bus Read/Write Cycles ... 41
4.3. Interrupt Logic . . . 43
Chapter 5 Video Controller ... @@ 5-1
5.1. Horizontal State Machine ...~~~ 5-2
5.2. Vertical State Machine ..~~~ 5-2
Chapter 8 Video Clock and Shifter .~~~ 6-1
Appendix A Video Board Schematics ... A-1
Appendix B Video Board PALsand PROMs ...~~~ B-1



Figures

Figure 2-1 Video Memory Map e 2-2
Figure 2-2 Serial Communications Controler ...~~~ 2.4
Figure 2-3 Video MemOTY .. e 2-5
Figure 2-4 Memory to Video Display Mapping Diagram (1162 pixels by

B00 JINeB) ... 2-6
Figure 2-5 Memory to Video Display Mapping Diagram (1024 pixels by

1024 1ines) .. 2-7
Figure 3-1 Timing Diagram for an Idle Cycle Followed by a Video

Refresh Cyele et 32
Figure 3-2 Timing Diagram for a Processor Update Cycle Followed by a

Video Refresh Cycle .. . 33
Figure 5-1 Horizontal State Machine Timing Diagram ... .. . 5-2
Figure 5-2 Vertical State Machine Timing Diagram ... ... .. . 5-3
Figure 6-1 Video Clock Timing Diagram ... | 61



— W -



Preface

Purpose and Audience

The purpose of this manual is to enable Sun customers and licensors of the Sun Workstation
design to understand how the video board works. Sun customers should be able to use this
manual to isolate hardware failures on the video board. Licensors of the Sun Workstation design
should use this manual to aid them in modifying the video board design.

Organization

This manual provides a video board overview and Theory of Operation. It includes relevant tim-
ing information, a video memory map, and video board PALs and PROMs.

Chapter 1 — Overview — provides a summary of the video board features and capabilities.

Chapter 2 — Functional Description — describes the three functional blocks on the video
board. : '

Chapter 3 — Operation — explains in detail the video memory controller and video refresh
cycles.

Chapter 4 — P2-Bus Interface — describes the P2 bus interface logic.

Chapter 5 — Video Controller — covers the video monitor timing and attributes.
Chapter 8 — Video Clock and Shifter — explains the video clock and video data.
Appendix A — Video Board Schematsics

Appendix B — PALs and PROMs — lists the video board PALs and PROMs.

At the end of this manual, we have supplied a reader comment form. Please use the comment
form to list errors and omissions. Your responses help a great deal in our eflorts to keep our
documentation up to date.

Notations Used In This Manual

When possible, the schematics were drawn to standard drafting conventions. Signal flow is shown
from left to right, and top to bottom. Connected sections of the design are logically grouped
together, as much as the available space allows.

Conventions used for hardware signal names in this manual are:

e Both active-high and active-low signals are used. A signal name that is followed by a minus
sign (—) indicates that the signal is active LOW (<0.4V). For example, the Column Address
Strobe, M.CASO—, is such a low-active signal.
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e A signal that is not followed by a minus sign is understood to be a HIGH active signal
(>2.0V). An example of such a signal would be the parity error signal, PARERR.

e For signals with multiple meanings or synonyms, the signal names are listed as separated by
a slash (/). An example of this would be the read-write signal, P.R/W—. A high signal is
understood to be an assertion of a read, while a low signal is an assertion of a write.

e Bus signals are indicated by a common prefix followed by a number. For example, a 16-bit
data bus might be labelled Do, D1, D2, and so on until D15.

o. A group of signals that is part of a signal vector is denoted by a common prefix separated
from its suffix by a period. For example, all P1 signals start with the prefix "P1.", and P1
bus address signals are P1.A00, P1.A01, etc.

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

Components

Components in the schematics are identified by component name (this is also referred to as the
“body name” in the wirelist). Components are named according to their generic or industry
standard names. The way the components are drawn reflects their circuit function rather than
the manufacturer’s definition.

Each component carries a location label identifying its component type and approximate location
in the schematics. Location labels consist of a letter followed by three digits. For instance, U300
is a DIP positioned on page three of the schematics.

The letter stands for the type of component, and is one of the following:
| 4 ]

Letter Component Type
C Standard Capacitor

D Diode

K Electrolytic Capacitor

L Inductor

X Decoupling Capacitor

J Jumper or Connector

R Resistor

S Single-in-Line Component
U Dual-in-Line Component
P.L. Programmable Logic Array

Programmable logic components, such as PALs and PROMs, are described in a high-level func-
tional language from which they are translated automatically into the bit patterns for program-
ming.

Programmable logic elements are identified by name. The source code for the programmable
logic elements is included in Appendix B of this manual.
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“hapter 1

Overview

This manual describes the Sun-2/120® video board. The video board is a display subsystem for
the Sun-2 product family. It has a serial interface with the monitor, a keyboard and a mouse,
and a paralle! interface with the CPU board. The video board provides a control register to allow
advanced features such as copy mode and interrupts.

The main features of the Sun-2/120 video board are:

black-and-white display

1152-by-900 pixel resolution video memory

flicker-free, non-interlaced display; refresh at 67 Hz
dual-ported video memory between video and processor

two serial interfaces for keyboard and mouse

The video subsystem consists of the following components:

video memory (128 kilobytes)
video memory controller
data multiplexor

P2-bus interface

video sync controller

video shifter

2 September 1984 Confidential — DO NOT COPY
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Chapter 2

Functional Description

The three functional blocks on the video board that are accessible by the CPU are the control
register, the serial controller (keyboard and mouse), and video memory. This section describes
the functions of these blocks and shows their locations in memory. All addresses shown are rela-
tive to the eighth megabyte of memory the video board occupies.

2.1. Memory Map

The video board occupies the eighth megabyte of address space. The base register of the video
board is fixed at Ox700000. The address space occupied by the video board is shown in the
video memory map in the following table.

"8 September 1984 Confidential — DO NOT COPY 2-1



Word Address

Ox7FFFFE

0x782000
Ox781FFE

0x781800
Ox7817FE

Ox780800
Ox7807FE

Ox780000
Ox77EEFE

Ox720000
Ox71FFFE

Ox 700000

2-2

Figure 2-1: Video Memory Map

Sun-2/120 Video Board

Memory Map Address Decoding
DO NOT USE
(will map to SCC or CTRL register)
Al2, H
CONTROL REGISTER
All, H
Al1S, H Al12, L, H
NOT USED
- All, H, L
Al2, L
SCC
All, L
DO NOT USE Al19, L

(will map to Video Memory)

VIDEO MEMORY
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Sun-2/120 Video Board

2.2. Control Register

The video control register is used to enable or disable various functions, set the copy mode base
address, and monitor the vertical interrupt status. The processor can read the entire word and
write the high or low byte individually. The starting address for the control register within the
eighth megabyte for the video board is x81800 (hex) as shown in Figure 2-1. The control regis-
ter is formatted as shown in the following table:

High Byte Low Byte
15 | 14 | 13 | 12 [11]10]09]08]| 07 {06 ]os|oaloaloafo1] oo
Vv Vv Vv Vv
1 C 1 A\’
D o N I Configuration (o} CMBASE (o]
E P T N
N Y E T Jumpers 17 - 22
E N
N
read read read read read only read read or write read
or or or only only only
write write

VIDEN — is the video display enable bit. The processor can write to this bit and read it back to
check that it was set. If the bit is a one, the video display is on; if it is a zero, the display is
completely black.

VCOPYEN — is the copy-enabie bit that enables copy mode. Copy mode enables read-modify-
write cycles to a main memory shadow buffer to also write to the video board memory.

CMBASE — is the copy mode base address. Bits 01-06 correspond to the bus address lines 17-
22. The video board monitors these address lines and if address bits 17-22 on the bus match
the address in the control register (bits 01-08) the video board recognizes communication
with the processor. If the copy enable bit (bit 14) is set, the video board copies the data into
the video memory. If bit 14 is reset to zero, the video board ignores the matching address.

VINTEN — is the vertical interrupt enable bit. The video board generates both the horizontal
and vertical synchronization pulses. Approximately every seventieth of a second, the vertical
scanning finishes at the bottom of the picture and starts back up at the top again. During
the vertical interval, nothing is displayed on the screen, and an interrupt can be sent back
via the P1 to the processor. If an interrupt is desired, bit 13 must be set to a one. If no inter-
rupt is desired, set this bit to a zero which disables the flip-flop. If bit 13 is set, the vertical
interrupt status bit, bit 12, gets set on the next vertical interval, and the video board issues
an interrupt.

After a vertical interrupt occurs, bit 12 stays set until the processor resets it. When bit 13 is
toggled low, it clears the interrupt; when bit 13 is then toggled high, another interrupt is
enabled for the next vertical interval. This sequence results in an interrupt about every
seventieth of a second (66.66 Hz).
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VVINT — is the vertical interrupt status bit which is read only. If bit 13 is enabled, the video
board sends out an interrupt on the bus. The processor then bas to determine where the
interrupt came from. The processor reads from the control register bit 12, and if bit 12 is
set, the processor knows the interrupt came from the video board.

Configuration Jumpers — these bits read back the jumper J1600, used for configuration control.

Unused bits — bits 00 and 07 can be written to by the processor, but only read back as a zero.
It is therefore unnecessary to mask bits 00 and 07 for numerical computations.

2.3. Serial Communications Controller

A Zilog 8530A serial communications controller (SCC) is used to communicate with the keyboard
(channel A) and the mouse (channel B). This is a byte-oriented device so data is transferred on
the high byte only (data bits 08:15). On a word read, the low byte contains the lower byte of the
control register so that correct parity is generated for the lower byte.

The relative starting address for the SCC is 0x780000 (hex) as shown in Figure 2-1. The SCC
takes up four words in the video board megabyte, starting at hex addresses 780000, 2, 4, and
6.

Since the 8530A has an asynchronous bus interface, there is a recovery period between accesses.
The recovery time for the video board 8530A is 1.4 psec.

Addressing the device is as follows:

ADDRESS: | FUNCTION:

780000 Channel B command data  (mouse)

780002 Channel B data (mouse)
780004 Channel A command data  (keyboard)
780006 Channel A data (keyboard)

Refer to the 1983 Zilog 8530A data sheet for programming details. The Serial Communications
Controller is formatted as shown in the table below.

Figure 2-2: Serial Communications Controller

High Byte Low Byte

15 |14 13 ] 12 [ 11 [ 10 {09 | 08 07 |06 | os | oa Jo3 | o2 |01 |00

SCC read or write data write = do not care
read = lower byte of control register
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Sun-2/120 Video Board

2.4. Video Memory

The video memory is addressed with megabyte address Ox700000 to Ox71FFFE as shown in
Figure 2-1. Accesses to the video memory can be in units of bytes or words. The processor can
read words only but can write words or bytes. In other words, all read operations are in units of
words, but write operations can either be to the high byte or to the low byte, or to the entire

word.

Figure 2-3: Video Memory

High Byte Low Byte
15 14 13 12 11 10 09 08 |07 08 05 04 03 02 01 OO0

Video memory read or write data

The Sun-2/120 video board is programmable for two display formats. One is 1152 pixels by 900
lines. The mapping from linear memory space to display space is illustrated in Figure 2-4 on the
next page. The other display format is 1024 pixels by 1024 lines as shown in Figure 2-5. Note
that the word numbers on the memory display and memory array are base 10, and the addresses
are base 16.

Switching between the two formats is achieved by two alternate sets of PROMs for the horizon-
tal and vertical state machines.
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Figure 2-4: Memory to Video Display Mapping Diagram (1162 pixels by 900 lines)

Upper Left
of Screen

s e el

DISPLAY SPACE

1% o 1% o 15 ] 18 [ ]
Line O word O word 1 word 2 word 71
b word 72 word 73 word 74 word 143
899 word 64728 word 64799
Lowver Right
of Screen
LINEAR MEMORY SPACE
Ox71FFFE Non-visible memory: 736 words
Ox71FA40
Lover Right of Screen: Ox71FA3E | word 64799 | Last visible word
vord 64728 | start of last line
0x700048 word 72 start of second line
0x700047 word 71 end of first line
word 3
word 2
word 1
Upper Left of Screen: 0Ox700000 vord O start of 1st line
15 bit (o]
Left Right

2-6
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Figure 0. WMo 4~ Vil Nicnlas Monnlins Nioaoon o l«lenl pixels by 1024 lines)
BUIT &-v. IViTiLU) VIUCU widopiay iviappilg Liaglalll (AV&T PIATIS Uy AUVST unu}
Upper Left DISPLAY SPACE
of Screen
€eewemmoccosmcm e 1024 pixelg----~--~c-----ccccccccnncnn. >
15 0o 18 o 18 ) ° 1s °
Line O word O wvord 1 word 2 “es word 63
1 word 64 word 65 word 66 ces word 127
1023 word 65471 e word 65535
Lowver Right
of Screen
LINEAR MEMORY SPACE
Lower Right of Screen: Ox1FFFE | word 65535 | Last word

word 65471 | start of last line

Ox700048 word 64 start of second line
Ox700047 word 63 end of first line

word 3
vord 2
wvord 1
Upper Left of Screen: Ox700000 vord O start of 1st line

15 bit o
Left Right
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Chapter 3

Operation

W
13

®
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The video memory controller state machine generates the timing for the video memory
other basic timing strobes for the video board. It consists of PROMs [P5X8:U1640,U1642]
latches [74F374:U1641,U1643]. 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 18 state cycle repeat
every 640 nsec.

The memory controller can execute four basic types of cycles:
1) Idle Cycle,

2) Video refresh cycle,

3) Processor update cycle, and

4) UART/Register cycle.

Idle Cycle — executed between state 0 through 7 if no request is pending [V.SREQ=0]. During an
idle cycle, memory control signals are not asserted.

Video Refresh Cycle — executed during every memory controller cycle between state 8 and 15.
During a video refresh cycle, signals [V.VRA~] and [V.VCA-] enable the video row and column
address registers [74F374:U1632] and [74F374:U1633], respectively. These registers output the
value contained in counters [74L.5393:U1630] and [74LS590:U1631]. Video memory data is read out
64 bits in parallel and is latched at the end of state 15 in the video data register
[74LS374:U1720-U1727] with the trailing edge of [V.VCA-].

In addition to executing the video refresh cycle, the current memory controller state is
decoded in decoder [74F138:U1728] to enable consecutive bytes from the video data register
onto the video output bus [V.00-V.07] via control lines [V.OE0-.V.OE7-]. Starting with
[V.OE0-] in state 0, one byte from the video data register is enabled every two states. The
data on the video output bus is then loaded into the video shifters [74F194:U1805,U1808).

Processor Update Cycle — executed between states 0 and 7 if synchronous request is asserted
[V.SREQ=1] and if the register/video memory 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 proces-
sor address latches [F374:U1634) and [F374:U1635], respectively, in time for [V.RAS—] and [V.CAS—],
the row and column address strobe.

Read Cycle — is executed if no external write strobes [V.WEL,V.WEU| are pending in the request
latch [F374: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] via buffers [74L5245:U1730..U1737 and is latched in the data
output register [ALS374:U1602,U1603] at the rising edge of signal [VXACK-]. At the same time,
parity is computed on the internal data bus by parity checkers [74F280:U1608,U1609] and
latched into the parity register [74ALS374:U1604].
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Write Cycle — is executed if an external write strobe [V.WEL,V.WEU] is pending in the request
latch [F374:U1615. Write cycles are similar to read cycles except that the flow of data rev-
erses. Write data is output enabled from the data input register [ALS374:U1600,U1601), passes
through buffers [74L5245:U1730..U1737), and is then written into the RAM chips selected by
active RAS strobe [V.RAS0-.3-] and write enable strobes [V.WUV.WL]. The RAM Write
Enable signal [V.WE] is asserted starting at state 3 for early write-cycle timing.

UART/Register Cycle — almost identical to a processor update cycle. The differences are that
the UART or the control register is accessed instead of the video memory and that the ter-
mination of the cycle is extended from state 7 to state 14 to allow for the longer access time
of the UART. A UART/register cycle is executed if synchronous request is set [V.SREQ=1]
and the register/video memory bit is set [V.BS19=1. With [V.BS19=1], PAL [P16R4:U1616] does
not assert any one of [V.RAS0-.3-] which also disables the data multiplexors
[74L5245:U1730..U1737).

Figure 3-1: Timing Diagram for an ldle Cycle Followed by a Video Refresh Cycle

PR ittt B bl bttt

PP R bttt R ko Rl bkt st

V.PRA- S e EE L L L L L St

V.EN=  ==mmececcmemmmmmmmmececeeeeeesmmemmemmecceoooooooooccoos-oo-

V.ENREQ ----
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Figure 3-2: Timing Diagram for a Processor Update Cycle Followed by a Video Refresh Cycle

PR S SN 2 ettt

crcrceccne---- EE R

P L R R

V.ACK-

V.HCLK

V.ENREQ
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Chapter 4

P2-Bus Interface

Major components of the P2-bus interface logic are address decoding, request generation, and
interrupt logic.

4.1. P2-Bus Address Decoding

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

For direct reads, the video board is addressed if the three most significant P2 address bits
[P2.A20..A22] are all ones and if P2 read/write [P2R/W-] indicates a read cycle. In that case,
decoder [F138:U1621] produces signal [V.RSEL—| which generates a video request via PAL
[P16L8:U1618].

For direct writes, decoder [F138:U1622] generates a video write select [V.WSEL—] if the three most
significant P2 address bits [P2.A20..A22] are all ones, P2 read/write [P2.R/W-| indicates a write
cycle, and P2.RAS— and P2.CAS— are asserted.

Copy writes occur if the copy comparator [LS2521:U1823] matches P2 address bits [P2.A17..P2.A22)
with video base address bits [V.BASEL..8] and if copy mode is set V.COPY=1 in the control regis-
ter. If all of these conditions are true then comparator [LS2521:U109] generates [V.CSEL—| which
generates a video request via PAL [P16L8:U1618].

4.2. P2-Bus Read/Write Cycles

The video board implements buffered write cycles and unbuffered reads. Reads follow the tradi-
tional 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.WAIT—]| 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, eflectively implementing a one-deep FIFO. This
means that on a write cycle the processor does needs not 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 still in progress.
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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 a read cycle is only begun after a write cycle has been completed.

This read/write cycle handshaking is implemented in PAL [P16L8:U1618]. Video request is set on
the leading edge of [P2.CAS-] if direct read [VRSEL—=1] is valid, if the direct write conditions
apply [P2.A20..22=1P2.R/W~—=0], or if copy write [V.CSEL—=0] is valid.

[P2.WAIT—| is asserted on read cycles via three-state driver [74F244:U1816] as soon as [V.RSEL-] is
valid. It is de-asserted on read cycles when [V.RWAIT—] is cleared. On write cycles, [P2.WAIT—] is
asserted by PAL [P16L8:U1618] while a write request is in progress.

The leading edge of the request signal [V.REQ—| clocks the demultiplexed processor address into
the processor address register [F374:U1634,U1835]. It also clocks the low-order address bits
[P2.A01,P2.A02] and the write enable bits [P2.WEL,P2.WEU] into register [F374:U1815).

[VREQ-] is sampled with signal [VENREQ| into flip-flop [14F74:U1624-0]. The sampled signal is
reclocked on the next clock edge of [vV.C.40] into flip-flop [74F74:U1624-1] and becomes signal
[V.SREQ]. This signal controls the memory state machine to perform either a CPU cycle
[V.SREQ=1] or an idle cycle [V.SREQ=0].
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V.WSEL—  ------- ——— T e B R e PR TP
VL RDACK - === - = oo eeceioioooooaon
V.REQ-  ------- N PE ST R PR LR R
V.XACK—  ===---meemeocooooooos B R
P3.WAIT— ----------- I P L T T e oo

V.REQ-  ------- e

4.3. Interrupt Logic

The video interrupt flip-flop [74F74:U1803-1) is set at the leading edge of [V.VBLANK] as long as
interrupt enable [V.INTEN] is enabled. Via open collector driver [U1906:7407}, it drives the Multibus
interrupt level selected by jumper block J1903. UART interrupt [V.SINT] is set if the SCC is pro-
grammed to generate interrupts and the corresponding condition has occurred. Open collector
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driver {U1906-1:7407] drives the UART interrupt to the Multibus interrupt line selected by jumper
block [J.18:31904].
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Chapter 5

Video Controller

The video controller generates the timing for the video monitor. The video controller latch
[74F374:U1812] latches the outputs of the horizontal and vertical decoding PROM on the rising
edge of [V.HCLK]. The following description applies to the "standard Sun-2/120 video monitor”.
This video monitor has the following attributes:

Table 5-1: Video Monitor Attributes (1162 pixels by 900 lines)

Visible Display 1152 pixels by 900 lines
Video Clock 10 nsec 100 MH:z
Horizontal Cycle 16.00 pusec 62.5 kH:z
Vertical Cycle 14992 psec 66.70 Hz
Horizontal Retrace 448 psec

Vertical Retrace §92 psec

The alternate Sun-2/120 video display has the following attributes:

Table 5-2: Video Monitor Attributes (1024 pixels by 1024 lines)

Visible Display 1024 pixels by 1024 lines

(no non-visible memory, see Figure 2-5)
Video Clock 10 nsec 100 MH:
Horizontal Cycle 16.00 psec 62.5 kHz
Vertical Cycle 16976 psec 58.91 Hz
Horizontal Retrace 448 psec
Vertical Retrace 592 psec

00 Cantarmhas 1004 oY 5 PSSR | NN \NTAT MDYV g1
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5.1. Horizontal State Machine
Horizontal counter [74LS393:U1810] is advanced every 840 nsec with the falling edge of clock
[V.HCLK|. Horizontal counter is reset with [V.HRESET] generated by video controller latch.

Horizontal decode PROM [P9X4:U1811] decodes horizontal counter inputs [V.Ho| through [V.Hs|, plus
vertical blank [VBLANK| from the vertical state machine. Horizontal decode PROM outputs are
(V.HRESET, V.HSYNC, and V.DISPEN]. :

For the 1152-by-900 resolution, the horizontal state machine timing diagram is as follows:

Figure 5-1: Horizontal State Machine Timing Diagram

Signal State

5.2. Vertical State Machine

Vertical counter [74LS383:U1813,U1814] is advanced on falling edge of horizontal sync [V.HSYNC].
Vertical counter is reset with [V.VRESET] from video controller latch.

Vertical decode PROM [PoX4:U1815] decodes vertical counter states [V.VSTATEL.7], the AND of
[V.VSTATES.8], and [V.VSTATEI0]. Vertical decode PROM outputs are [V.VSYNC, V.RESET, and
V.VBLANK.RESET-]. The vertical decode PROM function is defined in PROM A1815 in Appendix
B.

For the 1152-by-900 resolution, the vertical state machine timing diagram is as follows:
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Chapter 6

Video Clock and Shifter

The 100-MH:z video clock {V.C.10], generated by crystal oscillator [K1114A:U1800, is divided into a
50-MHz clock by flip-flop [74F112:U1801-0] and into a 25-MHz clock by flip-flop [74F112:U1801-1]..

The video data [v.00.7] is loaded into two 50-MHz shift registers, [74F194:U1805,U8106], one shifting
the odd and one the even bits, respectively. A pair of odd and even bits [V.VIDO,V.VID1| together
with a 10-nanosecond clock [V.C.10-| and a 20-nanosecond clock [V.C.20] are converted from TTL
to ECL levels by converter [10H124:U1807] and drive the 100-MHz shift register [10H141]. Since both
true and inverted data is loaded into the shifter, differential output levels [VIDEO-,VIDEO+] are
available on its outputs. The differential outputs are terminated with 390-ohm resistors
[R:R1800,R1801] to -5V and are intended to drive differential ECL terminated with an impedence of

100 ohms.
The timing is illustrated in the following figure:

Figure 6-1: Video Clock Timing Diagram

v.c.10 e

v.C.20 e e mmee___memee__ mmee___emmm___mmme____m-m--

V.C.0 = ec-cvcece 00 eememeec  eeemem—ee_  eemece--

V.BTATEO  ___ eeeeemeemmmemen  eeeeceeeemceeee-

V.DISPEN  =-==-==-c=c=cmcmceccecmcacooooo-

v.LoAp  ___ __  e-eeccccccccccaa

V.LDEN  _ _ eeeeeee-

v.up  _ eeeeeee-

V.ELD e e e memee e e e ----

V.ECLK e
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Appendix B

Video Board PALs and PROMs

paltype pallér4d
palname M1616

palid 1.0 84/05/15

PALBECIN

% Inputs

2 INPUT V.BS1 i
3 INPUT V.BS2

4 INPUT V.LDS-

5 INPUT V.UDS-

6 INPUT V.RAS-

7 INPUT V.EN-

8 INPUT V.IO-

9 INPUT V.STATE3

1 CLOCK CLK

10 OND

11 OUTPUT-ENABLE OE
20 vCC

X Outputs

19 OUTPUT V.WU-
18 OUTPUT V.WL-
17 OUTPUT V.RASO-
16 OUTPUT V.RAS1-
15 OUTPUT V.RAS2-
14 OUTPUT V.RAS3-

EQUATIONS

: VIDEO_CYCLE V.STATE3 ;

: CPULCYCLE / V.STATE3 & / V.IO :

% Equations to generate sll video RAM RAS strobes

ASSERT V.RASO-

OR V.RAS & / V.BS2 & / V.BS1 & CPU_CYCLE
OR V.RAS & VIDEO_CYCLE

ASSERT V.RAS1-

OR V.RAS & / V.BS2 & V.BS1 & CPU_CYCLE
OR V.RAS & VIDEO_CYCLE

ASSERT V.RAS2-
OR V.RAS &

V.B52 & / V.BS1 & CPU_CYCLE

OR V.RAS & VIDEO_CYCLE

28 September 1984
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X Video Cycle

X CPU Memory Cycle

X RAS bank O
% CPU cycle to this bank
X Video cycle runs all banks

% RAS bank 1

X RAS bank 2

B-1



ASSERT V.RAS3-

OR V.RAS & V.BS2 & V.BS1 & CPU_CYCLE
OR V.RAS & VIDEO_CYCLE

¥ Simple AND gates we use becsuse they're handy

ASSERT V.WU-
ENABLE ALWAYS
GR V.EN & V.UDS

ASSERT V.MWL-
ENABLE ALWAYS
OR V.EN & V.LDS

PALEND

Confidential — DO NOT COPY

Sun-2/120 Video Board

X RAS bank 3

X Write to upper memory byte

% Write to lower mamory byte
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Sun-2/120 Video Board

paltype palléls
palname M1618

palid 1.0 84/05/15

PALBECIN

»

Inputs

INPUT P2.A19
INPUT V.CSEL-
INPUT V.WSEL-
INPUT P2.CAS-
INPUT P2.RAS-
INPUT P2.READ
INPUT V.RSEL-
INPUT V.XACK
INPUT P2.WEU-
1 INPUT P2.WEL-

= OO0 JdJOWUV e W

10 GND
20 vCC

X Outputs

18 INPUT V.READ

17 OUTPUT V.IOSEL-
16 OUTPUT V.REQ-

15 OUTPUT V.WWAIT-
14 OUTPUT V.RDACK-
13 OUTPUT V.RWAIT-
12 OUTPUT P2.WAIT-

EQUATIONS

ASSERT V.IOSEL- X 10 select

ENABLE ALWAYS

OR V.RSEL & P2.A19 & P2.RAS & P2.CAS & / V.XACK & / V.RDACK
OR V.WSEL & P2.A19 & P2.RAS & P2.CAS & P2.WEU & / V.XACK

OR V.WSEL & P2.A19 & P2.RAS & P2.CAS & P2.WEL & / V.XACK
ASSERT V.REQ- X Transfer request
ENABLE ALWAYS

OR V.REEL & P2.A19- & P2.RAS & P2.CAS & / V.XACK & / V.RDACK
OR V.WSEL & P2.A19- & P2.RAS & P2.CAS & P2.WEU & / V.XACK

OR V.WSEL & P2.A19- & P2.RAS & P2.CAS & P2.WEL & / V.XACK

OR V.CSEL & P2.RAS & P2.CAS & P2.WEU & / V.XACK

OR V.CSEL & P2.RAS & P2.CAS & P2.WEL & / V.XACK

OR V.IOSEL & / V.XACK

OR V.REQ & / V.XACK % Hold til ack
ASSERT V.RDACK- % Used to hold deassertion of V.WAIT
ENABLE ALWAYS

OR V.XACK & V.READ X Set at end of read req
OR V.RDACK & P2.CAS X Hold till read cycle is gone
ASSERT V.RWAIT- % Read Wait

ENABLE ALWAYS

CR P2.READ & P2.RAS & / V.RDACK X Set on RD

OR V.RWAIT & P2.RAS & / V.RDACK % Hold until V.RDACK
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B-4

Sun-2/120 Video Board

ASSERT V.WWAIT- g Write Wait

ENABLE ALWAYS

CR / P2.RAS & / P2.READ & V.REQ % Set at end of write
OR V.WWAIT & V.REQ & / V.XACK ¥ Hold till V.XACK

ASSERT P2.WAIT- g Write Wait to P2-Bus
ENABLE V.WRAIT

OoR V.WHAIT

PALEND

Confidential — DO NOT COPY 28 September 1984



Sun-2/120 Video Board

paltype pallé6l8
palname M1619
palid 1.0 B4/05/15

PALBEGIN

X modified 9-29-84 : add reset to UART / V.RDS- and V.WRS- both low when
b 4 P1.INIT low

»e

Inputs

INPUT V.BS11
INPUT V.BE12
INPUT V.IO-
INPUT V.WEL-
INPUT V.WEU-
INPUT V.EN-
INPUT P1.INIT-
INPUT PINE
INPUT V.PCA-

1 INPUT V.DISPEN-

OO IV A W

10 GND
20 vCC

X Cutputs

19 OUTPUT V.RDCU-
18 OUTPUT V.RDCL-
17 OUTPUT V.WRCL-~
16 OUTPUT V.WRCU-
15 OUTPUT V.RDS-
14 OUTPUT V.WRS-
13 OUTPUT PIN13

12 OUTPUT V.INC-

EQUATIONS

ASSERT V.INC-
ENABLE ALWAYS
CR V.PCA & V.DISPEN

ASSERT V.RDCU-
ENABLE ALWAYS
OR V.EN & V.IO & V.BS11 & V.BS12 & / V.WEL & / V.WEU

ASSERT V.RDCL-
ENABLE ALWAYS
OR V.EN & V.IO & V.BS11 & V.BS12 & / V.WEL & / V.WEU
OR V.EN & V.10 & / V.BS11 & / V.BS12 & / V.WEL & / V.WEU
Z enable lowver byte during UART accesses
X to generate valid parity on lower byte

ASSERT V.WRCL-
ENABLE ALWAYS
OR V.EN & V.IO & V.BS11 & V.B5S12 & V.WEL

ASSERT V.WRCU-

ENABLE ALWAYS
OR V.EN & V.IO & V.BS11 & V.BS12 & V.WEU
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ASSERT V.RDS-

ENABLE ALWAYS

OR V.EN & V.10 & / V.BS11 & / V.BS12 & / V.WEL & / V.WEU
OR P1.INIT

ASSERT V.WRS-
ENABLE ALWAYS

OR V.EN & V.10 & / V.BS11 & / V.BS12 & V.WEU
OR P1.INIT
PALEND
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static chart sccs_id = "1.8 84/06/02";

/* This information proprietary to 5un Microsystems Inc */

/*
* Prom Name: M1640 and M1642
* Prom Type: 32 x 8.

* Speed: 25 nsec. .
* Purpose: Video Memory State Machines
* Timing:
- * The video state machines perfora an optional read or vwrite access
* to the frame buffer memory followed by a video update read cycle.
* The basic memory cycle consists of 16 states; the state machine
* is clocked every 40 nsec and, hence, repeats every 640 nsec.
)
*/

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

/* Define inputs to 32 x 8 proms */

4define stated (a0)
#define statel (al)
#define state2 (a2)
4define statel (a3)
#define xreq (ad4)

/* Define outputs */

#define nstate nnstate()

nnstate ()

{ 4int state.xstate:
state = (cvb(statel)*dO+cvb (statel)*dl+cvb(statel)*di+cvb(statel)*dl):;
xstate = ((state + 1) ¥ 16);

return (xstate) :
}
#define ras ((xreq && range(2.nstste.6)) || range(10,nstate.14))
#define cas {((xreq && range(5.nstate.8)) || \

(range (13,nstate,15) || (nstate == 0)) )

#define g ((xreq && range(S.nstate.8)) || range(13.nstate,15))
4define we ((xreq && range(3.nstate.9)))
4define pra range( 1,nstate, 3)
#define pca range( 4,.nstate, 7)
#define vra range( 9.nstate,1l)
#define vca range (12,nstate, 15)
#define ack (xreq && (nstate==10))
#define hclk range (O,nstate,1)
ddefine load ((nstate ¥ 2) == 1)
#define enreq (nstate == 0)
main{)
{
prom3ix8;
prombegin

prom(0,d0, (nstate&dO))
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prom(0.dl, (nstate&dl))
.42, (nstate&dl))
.d3, (nstate&dl))

prom (0
pronm (0O
prom (0
prom (0O
prom (0
pronm (0

prom(1l
prom(l
prom(1l
prom(1l
prom(l
prom(l
prom(l
prom(1

,d44,1pra)
.45, tpcs)
,d6, ivra)
.d7,1vca)

.d0, iras)
.41, icas)
.d2.1q)

,d3, tve)

.d4, hclk)
.d5, load)
.d6, enreq)

.d7, ack)

promend;

writeprom("M1640",0):
writeprom("M16412%,1);

}
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static char* sccs_1d = "1.12 84/06/20";

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

/* This information proprietary to fun Microsystems Inc */
/* === ====
* Date : March 9, 1984
t Prom Name: Al811
* Prom Type: 512 x 4.
: * Speed: 55 nsec.
* Purpose: Video horizontal state machine.
* Timing:
t
* 1 Horizontal state = 64 pixel; 1 pixel = 10 nsec.
*
* Range Length Length Time
* [State] (State] [Pixel] {[usec]
L R R
% %%% 1152 x 900 Disgplay #**%*
* cycle 00..24 a5 1600 16.00
* visible 00..17 18 1152 11.52
* invisble 18..24 7 448 4.48
* frontporch . 0 o o
* hsync 18..19 3 128 1.38
* backporch 30..24 S 320 3.20
* %%% 1024 x 1024 Display **t
* cycle 00..24 a5 1600 16.00
* visible 00..15 18 1152 11.82
* invisble 16..24 7 448 4.48
t frontporch 16..16 1 64 0.64
* hsgync 17..18 3 138 1.28
* backporch 19..24 6 384 3.84
S T . R R e
*/
/* Define Inputs */

int res_1152x900;

#define hO (20)
#define hl (al)
#define hil (23)
#define h3 (23)
#define h4 (ad)
#define hS (aS)
#define hé (a6)
§define h7 (a7)

§define vblank (a8)

§define

HEreq

state (cvb(hO)*dO + cvb(hl)*dl + cvb(h3)*d2 + cvb(h3)*d3 + \

cvb(h4)*d4 + cvb(h5)*dS + cvb(h6)*d6 + cvb(h7)*d7 )

#define nstate ((state + 1) X 25)

dispen ()

{
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int dispen:
12 (res_1152x900) {
dispen = (!vblank && range(O.nstate,17)):
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} else {
dispen =

)}
return(dispen):

}

hsync ()
{ 4nt hsync:

1f (res_1152x900) {
range (18, nstate,19):

hsync =
)} else {
hsync =
}
return (hsync) ;
}

(ivblank && range (O.nstate.15)):

range(17,.nstate,18);

§define hreset (nstate == 0)
$define vclock (nstate == 21)
main ()

{

prom512x4;

res_1152x900 = 1;
prombegin
proe(0,d0, hsync())
prom(0,dl, dispen())
prom(0,d2, tdispen())
prom(0,d3, hreset)
promend;

res_1152x900 = O;
prombegin
prom(1,d0, hsync())
prom(1,dl, dispen())
prom(1.d2, tdispaen())
prom(1,d3, hreset)
promend;

vriteprom(®A1811%,0):

writeprom("A1811_1024",1):

}
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static chart sccs_1d = "1.10 84/06/30%;

#include "/usr/local/pl/prom.c”

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

/* This information proprietary to Sun Microsystems Inc */

/*
* Date : March 9, 1984
* Prom Name: Al1815
: * Prom Type: 512 x 4.
- * Speed: 55 nsec.
* Purpose: Video vertical state machine
*
t ) states = 1 line = 16.00 usec (62.50 KHz)
%
* Range Length Time
* (Lines] [Lines) ([usec]
R S L L T L Rk R e N L L
# %22 1152x900 Display ***
* cycle 000..936 937 14992 66.70 Hz
* visible 000..899 900 14400
* invisble 900..936 37 592
* frontporch . 0 (o]
* vgync 900. .909 10 160
* backporch 910..936 27 432
® %%2% 1024%1024 Display #*t
* cycle 000..1060 1061 16976 $8.91 Hz
* visible 000..1023 1024 16384
* invisble 1024..1060 37 592
* frontporch .. o o
* vsync 1024..1033 10 160
* backporch 1034..1060 27 432

int res_1152x900;

/* Define Inputs to preom */

¢define vO o)
fdefine vl (a1)
#define vi (a2)
#define v3 (a3)
#define v4 (a4)
#define v5 (aS)
#define vé (a6)
#define v7 (a7)
#define v8 (a8)
¢define v9 (a8)
4define v10 (=0)

#define line (cvb(vD)*d0 + cvb(vl)%*dl + cvb(v3)*d2 + cvb(v3)®dl + \
cvb(v4) *d4 + cvb(v5)*d5 ¢+ cvb(v6)*d6 + cvb(v7)*d7 + \
cvb(vB) *d8 + cvb(v9)*d9 + cvb(v10)*dl0)

vsync ()
{ int vsync:
1f (res_1152x900) {
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vsync
} else {

vsync

}
return(vsync):

}

vblank ()
{ 1int vblank;
1f (res_1152x900)
vblank = (line
} else {
vblank = (line
}
return (vblank) ;

}

vreset ()
{ int vreset:
i1f (res_1152x900)
vreset = (line
} else {
vreset = (line

}

return(vreset):

main()
{ .
prom512x4;

res_1152x900 = 1;
prombegin

prom (0,40, vsync())
prom(0.dl, tvreset())
prom(0.d2, vblank())
prom(0,d3, vreset())
promend;

res_1152x900 = O;
prombegin
prom(1,d0, vsync())
prom(l.dl, ivreset())
prom(1,d2, vblank())
prom(1,43, vreset())
promend;

writeprom("A1815",0):

range (900, 1ine, 909) ;

range (1024, 11ne,1033);

{
>= 900) ;

>= 10324):

= 936):;

>= 1060) ;

writeprom("A1815_1024",1);

}

Confidential — DO NOT COPY

Sun-2/120 Video Board

28 September 1984



READER COMMENT SHEET

Dear Customer,

We who work here at Sun Microsystems wish to provide the best possible documentation for our
products. To this end, we solicit your comments on this manual. We would appreciate your tel-
ling us about errors in the content of the manual, and about any material which you feel should
be there but isn’t.

Typographical Errors:
Please list typographical errors by page number and actual text of the error.

Technical Errors:
Please list errors of fact by page number and actual text of the error.

Content:
Please list errors of fact by page number and actual text of the error.
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