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About This Manual 

Purpose 
The purpose of this manual is to provide a comprehensive hardware description of the 
major componenL'> in the DECpc Workstations. Descriptions include~ 

• System architecture 

• Buses 

• Interfaces 

• System specifications 

• Basic input/output system (BIOS) specifications 

• Configuration options. 

Audience 
This manual is written specifically for a system engineer or hardware designer familiar 
with the fundamental concepts of microprocessor-hased systems. It also assumes a 
familiarity with the general tenninology used in the field of microprocessor design. In 
addit · m. this manual contains information for engineers who design system 
accessories and for programmers who require hardware and finnware specifications. 
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About This Manual 

Organization of This Document 

xviii 

: His manu;il contains 11 chapters and three appendices. as follows: 

l ~iiapter l 

Chapter 2 

Chapter 3 

Chapter 4 

Chapter 5 

Chapter 6 

Chapter 7 

Chapter 8 

Chapter 9 

System Board Overview - describes the major features of the 
DECpc Workstation system board. 

Central Processing Core - describes the Intel486 
microprocessor, the optional 64 KB or 128 KB external cache, and 
the Corona Application Specific Integrated Circuit (ASIC). 

Memory - describes system board dynamic random access 
memory (DRAM) and the operation of the memory controller 
section of the 82346 system controller. 

82340DX ISA Chip Set - describes operation of the 82344 ISA 
bus controller, the 82345 data buffer, and the 82346 system 
controller (less memory controller section). 

8L~4 l Peripheral Combo Comroiier - describes operation of the 
82341 peripheral combo contro!ler. lnfonnation includes serial 
and parallel port descriptions, keyboard and mouse interlace 
descriptions, and an integrated drive electronics (IDE) interface 
description. 

AIC-6260 SCSI Controller - describes operation of the AIC-6260 
SCSI control!er and provides information about its internal 
registers. 

Floppy Disk Drive Subsystem - describes operation of the 82077 
onboard floppy disk controller and provides information about its 
internal registers. 

Ethernet LAN Subsystem - describes operation of the Ethernet 
LAN interface and provides information about internal Ethernet 
LAN interface registers. 

Token Ring LAN Subsystem - describes operation of the Token 
Ring LAN interface and provides information about internal 
Token Ring LAN interface registers. 

• 

• 

• 



• Chapter 10 

Chapter l l 

Appendix A 

Appendix B 

Appendix C 

Index 

I 

About This Manual 

Power Supply - describes the system power supply and 
expansion box power supply input requirements and output 
specifications. 

Intelligent Graphics Controller - describes operation of the 
intelligent graphics controller. 

Specifications - lists general specifications for the system board 
and environmental and dimensional specifications for the system 
module and SCSI expansion box. 

BIOS Interrupt Routines - describes the interrupt service routines 
available in the system's BIOS. 

Device Mapping - provides tables that lis< the system memory 
map, 1/0 address map, intermpt map, and LAN memory map. It 
also includes information about the system OMA users. 

Index - includes important tenns arranged in alphabetical order 
for quick reference. 
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About ·7 ' :is Manual 

Notational Conventions 

XX 

Notational conventions used throughout this manual include: 

H 

Kb 

KB 

Mb 

MB 

GB 

ln connector pinout listings, the asterisk (*) indicates an active low signal. 
For example, IOCHCK* 

An H suffix to a numerical value denotes hexadecimal numbers. For 
example, OF8H equals OF8 (hexadecimal). 

A Kb suffix to a numerical value indicates size in kilobits. For example, 512 
Kb. A kilobit equals 1024 bits. 

A KB suffix to a numerical value indicates size in kilobytes. For example, 
640 KB, 7168 KB, etc. A kilobyte equals 1024 bytes. 

An Mb suffix to a numerical value indicates size in megabits. For example, 4 
Mb. A megabit equals 1,048,576 bits. 

An MB suffix to a numerical value indicates size in megabytes. For 
example, 1 MB, 256 MB. etc. A megabyte equals 1,048,576 bytes. 

A GB suffix to a numerical value indicates size in gigabytes. For example, l 
GB, 256 GB, etc. A gigabyte equals 1,073,741,824 bytes. 

An italicized word or phrase is used to represent a variable or to lend emphasis in 
textual descriptions. File names, path names. and directories are also italicized . 

• 

• 
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About This Manual 

Related Documentation 
The following related documents are available as supplements to the information 
provided in this manual. 

Document 

DECpc 433 Ethernet Workstation User's Guide 

DECpc 433 Token Ring Workstation User's Guide 

DECpc 433 Workstation Service Manual 

DECpc SCSI Expansion Box Installation Guide 

MS-DOS Supplemental Kit Installation Guide 

OS/2 Supplemental Kit Installation Guide 

Part Number 

ER-PCW 10-UG 

ER-PCWl 1-UG 

ER-PCWlO-SV-002 

ER-PCWXE-10 

PCWXQ-XA 

PCWXQ-XB 
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1 
System Board Overview 

Introduction 
This chapter provides an overview of the two available DECpc 433 Workstation 
system boards: Ethernet system board PCP10-A2 and Token Ring system board 
PCPI l-A2 (see Figures 1-1and1-2). Each board supports: 

• A high performance Intel486™ microprocessor 

• An optional external cache (Intel TurhoCache486™) 

• An Intel 82340DX™ Industry Standard Architecture (ISA) chip set 

= Corona and SCSI Applicaiiun Spedfic Integrated Cin.:uil~ <ASIC~) 

• Local Area Network (LAN) support circuitry for either Ethernet™ or Token 

Ring™ 

• A peripheral combo controller 

• An onboard floppy disk controller 

• Integrated Disk Electronics (lDE) support 

• 80 ns (or faster) fast-paged Dynamic Random Access Memory (DRAM) 

• 128 KB of Read-only Memory (ROM) 

1-1 
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In addition, the system boards support: 

• One 16-hit ISA expansion slot (dedirnted to the intelligent graphics 
controller) 

• Two 9-pin serial ports 

• One 25-pin parallel port 

• One SO-pin SCSI connector 

• One 34-pin floppy disk controller header 

• One IDE header 

• ThmWire™ and Twisted Pair Ethernet LAN connectors or Shielded Twisted 
Pair and Unshielded Twisted Pair Token Ring LAN connectors 

• 6-pm (mini-DIN) keyboard and mouse connectors 

• Four system statu~ LED indicators 

• One l 05 watt power supply 

Thl' remainder of this chapter provides a brief description of the hardware componenL~ 
and maJor features for each system board_ 

DECpc 433 Workstation System Board Features 
This section provides detailed descriptions relating to the hardware components and 
major features of each DECpc 433 Workstation system hoard (see Figure 1-3). 

lntel486 Microprocessor 

1-4 

The Intel486 microprocessor provides multi-tasking support, on-chip memory 
management, on-chip floating point unit, on-chip cache memory with a l 06 MB/sec 
hurst hus. and a high-speed 32-hit hus interface. The Intel486 microprocessor runs at a 
clock speed of 33 MHz. which result-; in a system speed of 30 ns per clock cycle. For 
applications requiring slower operation (such as installing copy-protected software), a 
slow mode is provided. The slow mode reduces the effective lntel486 microproces·-or 
operating speed to that of an Intel286 running at 8 MHz. 

• 

• 
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External Cache 
The system board provides a 113-pin socket for an opliunai 64 KB or 128 KB external 
cache. The external cache is a high-perfonnance cache subsystem designed for the 
Imel486 111it:ropHKessor. The exiemai cache increases system performance hy 
reducing the average number of wait states seen hy the lntel486 microprocessor. 

Corona 
The Corona ASIC generates clocks for the Inte1486 microprocessor, the 82346 system 
controller, external cache, LAN controller. and AIC-6260 SCSI controller. Corona 
also arbitrates and controls bus functions for accesses initiated by the !nte!486 
miLroprocessor, converts lntel486 microprocessor bus control signals to Inte1386™ bus 
control signals (required hy the system controller), and provides address decoding for 
the LAN and SCSI controllers. 

82340DX ISA Bus Chip Sei 
The 82340DX chip set consists of an 82344 ISA hus controller, an 82345 data buffer, 
and an 82346 system controller Together, these components are responsihle for 
controlling all addressing and data transmissions to and from the ISA bus. 

DRAM 

ROM 

1 ·6 

The system hoard contains three Single In-line Memory Module (SIMM) banks. Each 
hank holds four SIMMs. The SIMM size can be either l MB or 4 MB. The hase 
system DRAM configuration is 8 MB. The maximum system DRAM configuration is 
48 MB. 

Thi: system hoard ROM is one 128 KB EPROM The EPROM contains the system 
BIOS, a Power-On Self Test (POST), and the Setup llt11ity. The HIOS initializes the 
DRAl\.'1 and loads the operating system. Th~ system BIOS also contains a shadow 
option. This option, when enabled, inrreases system performance hy placing ROM 
instrnctions into high-speed DRAM. POST tests system hardware and the Setup utility 
allows you to set system configuration parameters. 

• 

• 
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82017 Floppy Disk Drive Controller 
An 82077 floppy disk drive controller provides the data interface between the flopp) 
di.;;k drive and the lnte1486 microprocessor. The data interface consists of an 8-bit 
bidirectional data bus and eight general purpose registers. 

82341 Peripheral Combo Controller 
The 82341 peripheral combo controller provides the interface between the ISA bus and 
the serial ports, keyboard and mouse, parallel port, and IDE controller. 

AIC-6260 SCSI Controller 
The Adaptec AIC-6260 is a single-chip ISA bus-to-SCSI bus controller that supports 
second path OMA transfer:> and 1/0. 

LAN Support Circuitry 
The LAN support circuitry provides external network interface. The system is 
provided either with an Ethernet LAN (DECpc 433 Ethernet Workstation) or with a 
Token Ring LAN (DECpc 433 Token Ring Workstation). A pushbutton switch selects 
the cable iype in use: Thin Wire or Twisted Pair for Ethernet; Shielded Twisted Pair or 
Unshielded Twisted Pair for Token Ring. 

1/0 Ports 
There are three 1/0 ports: one 25-pin parallel printer port and two 9-pin serial 
communication port<> 

System Status LED Indicators 
The DECpc 433 Workstation system provides four system status LED indicators. 
When on, they indicaie LAN adivity, disk dri'n' access, SCSI activity. and applied 
system power. 
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Central Processing Core 

Introduction 
This chapter describes the processing core of the DECpc 433 Workstation. The 
processing core provides the major system processing resources and includes the 
following major functional blocks: 

• Intel486 microprocessor 

• Optional external cache 

• Corona ASIC 

lntel486 Microprocessor 
The lntel486 microprocessor is a high-performance 32-bit microprocessor with an on­
chip memory management unit, numeric coprocessor unit. and cache memory unit. 
The lntel486 microprocessor supports multiuser and multi-tasking operating systems, 
memory management, virtual memory, and task or memory isolation The following 
text describes the Intel486 microproce~sor's hasic archllecture and the two modes of 
operation. This section concludes with brief descriptions relating to the signals 
generated hy the lntel486 microprocessor. 
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Basic Architecture 
fhe Intel486 microprocessor is divided into four major sections: 

• Central processing unit 

• Memory management unit 

• Numeric coprocessor unit 

• Cache memory unit 

Central Processing Unit 
The central processing unit (CPU) consists of the execution unit and instruction unit. 
The execution unit contains the eight 32-hit general purpose registers used for hoth 
address calculation and data operations. The execution unit also contains a o4-bit 
harrel shifter that speeds up shift. rotate. multiply. and divide nperati1 1ns. The 
instruction unit decodes the instrnction opcodes and stores them in the decoded 
instruction queue for immediate use hy the ext'cutinn unit 

Memory Management Unit 

2-2 

The memory management unit (MMlJ) wnsists of a segmentation unit and a paging 
unit. Segmentation manages the logical address space hy providing an extra 
addressing component that allows the relocation and sharing of code and data. The 
paging unit operates beneath, and is transparent to, the segmentation process to allow 
physical address space management. Paging 1s optional and is under system soft ware 
control 
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Numeric Coprocessor Unit 
The on-chip numeric coprocessor unit conforms to the ANSI/IEEE standard 754-1985 
specification, operates in parallel with the arithmetic and logic unit, and provides 
arithmrtic instructions for a variety of numeric data types. The numeric coprocessor 
unit executes huilt-in tangent, sine, cosine. and log functums and is rnmpatiole with 
software written for 287 and 387DX numeric coprocessors. 

Cache Memory Unit 
The 8 KR on-chip cache memory unit is 4-way set-associative and follows a writc­
through policy. It can designate individual pages as cachcable or non-cacheahle hy 
hardware or software. 

Modes of Operation 
The lntel486 micropron·ssor has two modes of operation: real address mode (real 
mode) and protected mode. In real mode. the Intel486 microprocessor operates as a 
fast 80861 ~ 1 and sets up the CPU for protected mode operation. Protected mode 
provides access to the sophisticated 1nemory management paging and privilege 
capabilities of the microprocessor. 

In protected mode, software can l'Xecute a task switch and enter into a virtual 8086 
mode. In this virtual mode 8086 semantics are used and the application rmgram or 
operating system executes as if nmning on an 8086 microprocessor. 

Signal Definitions 
Tahlc 2-1 lists a signal name cross reference for the lntel486 microprocessor and 
system hoard Following Table 2-1 are hril'f descriptions nf each Intd486 
micrnpn•cessor signal. 
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I" able 2-1. Signal Name Cross Reference • 
lntel486 System Board 

Pin Number Signal Name Signal Name 

Pl DO PDO 

N2 DI PDl 

Nl D2 P02 

H2 DJ P03 

M3 D4 PD4 

J2 05 PD5 

L2 06 PD6 

L3 07 PD7 

F2 D8 PD8 

Dl 09 PD9 

E3 DlO PDlO 

Cl DI l PDl 1 

• GJ 012 PD12 

D2 Dl3 PDD 

K3 014 PD14 

FJ D i5 PD15 

J3 Dl6 PD In 

DJ Dl 7 PDl7 

('2 Dl8 PDI8 

RI Dl9 PDl9 

Al 020 PD20 
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Table 2-1. Signal Name Cross Reference (continued) 

lntel486 System Board 
Pin Number Signal Name Signal Name 

82 021 P02 l 

A2 022 P022 

A4 023 PD23 

A6 024 P024 

86 025 P02S 

C7 026 PD26 

C6 027 P027 

C8 028 PD28 

A8 029 PD29 

C9 030 PD30 

R8 D31 PD3l 

N3 DPO POPD 

Fl DPI PDPl 

H3 DP2 PDP2 

A5 OP3 PDP3 

C3 CLK PCLK 

El5 HOLD PH OLD 

Dl7 ROFF* Not used 

Cl7 RS16* Not used 

Dl6 RS8* Not used 

Dl5 A20M* PA20M* 

Al6 INTR PINTR 
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Central Processing Core • Table 2-1. Signal Name Cross Reference (continued) 

lnte1486 System Board 
Pin Number Signal Name Signal Name 

Bl5 NMI PNMI 
Al5 IGNNE" IGNNE* 
Fl5 KEN* PKEN* 
Cl5 FLUSH* FLUSH* 
Al7 AHOLD AHOLD 

Bl7 EADS* EADS* 
f 16 RDY* PRDY* 
C16 RESET RST486 

<)14 A2 PA2 
R 15 AJ PA3 
Slfi A4 PA4 
HIS BROY* PARDY* • QI2 A5 PA5 
Sl5 A6 PA6 

<...> 13 A7 PA7 
Rl3 A8 PA8 
() l l A9 PA9 
Sl3 AIO PAlO 
Rl2 Al 1 PAI l 
S7 A12 PA12 

QIO Al3 PAD 
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Table 2"1. Signal Name Cross Reference (continued) 

lntel486 System Board 
Pin Number Signal Name Signal Name 

R7 Al5 PA15 

t)9 Al6 PA16 

Q3 A17 PA17 

R5 A18 PAIS 

Q4 Al9 PA19 

Q8 A20 PA20 

QS A21 PA21 

Q7 A"'!,, ..... PA22 

S3 A23 PA23 

SS Al4 PA14 

()6 A24 PA24 

R2 A25 PA25 

S2 A26 PA26 

Sl A27 PA27 

Rl A28 PA28 

P2 A29 PA29 

P3 A30 PA30 

()I A31 PA31 

KIS BEO* PBEO* 

J 16 REI* PRE!* 

115 BE2* PBE2* 

F17 BE3* PBE3* 
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Table 2-1. Signal Name Cross Reference (continued) 

lntel486 System Board 
Pin Number Signal Name Signal Name 

QIS BREQ Not Used 

PlS HLDA PHLDA 

Ql6 PLOCK* Not used 

Nl5 LOCK* Not used 

Nl7 W/R* PW/R* 

Ml5 D/C* PD/C* 

Nl6 M/10* PM/IO* 

Ql7 PCHK* Not used 

Cl4 FERR* FERR* 

Rl6 BLAST* BLAST* 

J17 PCD PCD 

LlS PWT Not Used 

Sl7 ADS* PADS* 

PD31 :O (Input/Output) 
PD3 l :0 are bidirectional signals that fonn the data bus for the lntel486 
microprocessor. PD7 .0 define the least significant byte and PDJ l :24 the most 
significant byte. 

PDP3:0 (Input/Output) 

2-8 

PDP3:0 are data parity signals Even parity is generated or checked by the parity 
generators/checkers. Data parity is generated on all write data cycles with the same 
timing as the data driven by the Intel486 microprocessor. There is one parity pin for 
each byte of the data bus. 

• 
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PCLK (Input) 

PCLK provides the fundamental timing and the intcmal operating frequency for the 
Intel486 microprocessor. All external timing parameters are specified with respect to 

the rising edge of PCLK. 

PHOLD (Input) 
PHOLD allows another bus master complete control of the lntel486 microprocessor 
hus. The Intel486 microprocessor responds to an active PHOLD signal hy asserting 
PHLDA and placing most of its output and input/output pins in a floated state after 
completing a bus cycle, burst cycle, or locked sequence of cycles. 

PA20M* (Input) 
PA20M* causes the lntel486 microprocessor to mask physical address bit 20 before 
performing a lookup in the intemal cache and before driving a memory cycle to the 
external logic 

PINTR (Input) 
PINTR indicates that an external interrupt request has heen generaled. 

PNMI (Input) 
PNMI indicates a request for interrupt service has heen generated and cannot he 
masked by software. PNMI has priority over all other interrnpts, is rising-edge­
sensitive, and is asynchronous to PCLK. 

IGNNE• (Input) 
When IGNNE* is activated. the Intel486 microprocessor ignores a numeric error and 
continues running non-control numeric coprocessor instructions. When deactivated, 
the Intcl486 microprocessor frcen·s on a non-control numeric coprocessor instruction 
if a previous instruction caused an error 
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PKEN* (Input) 
PKEN* detennines whether the data being returned by the current cycle is cacheable. 

FLUSH* (Input) 
FLUSH* forces the lntel486 microprocessor to flush its entire internal cache. 

AHOLD (Input) 
AHOLD allows another bus master access to the lntel486 microprocessor's address bus 
for a cache invalidation cycle. During this access, the lntel486 microprocessor stops 
driving its address bus in the clock cycle following an active AHOLD. Only the 
address bus floats during an address hold. The remainder of the lntel486 
microprocessor bus signals remain active. 

EADS* (Input) 
EADS* indicates that a valid external address has heen driven onto the lntel486 
microprocessor address bus. This address will then tlo an internal cache invalidation 
cycle. 

PROV* (Input) 
PRDY* indicates that a current hus cycle is complete. During a read request, PRDY* 
indicates that an external device has presented valid data on the bus. During a write 
request, PRDY* indicates that an external device has accepted Intel486 
microprocessor data. 

RST486 (Input) 
RST486 suspends any system operation in progress and places the lntel486 
n11croprocessor in a known (reset) state. 

PA3:2 (Output) 

2-10 

PA3:2 form the remainder of the ;!ddrcss hus and provide physical memory and 1/0 
pon addresses. 
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PBRDY* (Input) 
PBRDY* does the same function during a burst cycle that PRDY* does during a non­
burst cycle. PBRDY* indicates that a bus master has presented valid data in response 
to a read or that the hus master has accepted data in response to a write. PBRDY* is 
ignored when the lnte1486 microprocessor hus is idle and at the end of the first clock 
during an Intel486 microprocessor hus cycle. 

PA31 :4 (Input/Output) 
PA3 l :4 form part of the address hus and provide physical memory and 1/0 port 
addresses. These lines can be driven as inputs to perform internal cache line 
invalidations. 

PBE3:o~ (Output) 
PBE3:0* determine which bytes of the address bus must be valid for read and write 
cycles to external memory. PBE3* applies to PD31 :24, PBE2* applies to PD23:PD16, 
PBEl *applies to PD 15:8, and PBEO* applies to PD7:0. 

PHLDA (Output) 
PHLDA indicates that the lntel486 microprocessor has given up control of its local bus 
in response to PHOLD being asserted, and is in the bus-hold-acknowledge state. In the 
bus-hold-acknowledge state. PHLDA is the only bus control signal being driven by the 
Intel486 microprocessor. The remaining output or bidirectional signals are floated to 
allow a hus master to control them. 

PW/A* (Output) 
PW/R* distinguishes hetween write and rrad cycles. 

PD/C* (Output) 
PD/C'* distinguishes between data and control cycles. 

PM/10* (Output) 
PM/IO* distinguishes between memory and 1/0 cycles. 
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FERR* (Output) 
The Intcl486 microprocessor activates FERR* each time an unmasked numeric 
coprocessor error occurs. 

BLAST* (Output) 
RLAST* indicates that the next time PBRDY* is returned, it will be treated as a 
normal PRDY * signal and will end line fill or other multiple data-cycle transfer. 

PCD (Output) 
PCD correspond.;; ro two user attribute bits in the page tahle entry. When paging is 
enabled, PCD corresponds to hits three and four of the page table entry respectively. 
When paging is 11isabled, er for cycles that are not paged when paging is enabled, PCD 
corresponds to hits three and four m control register three. 

PADS* (Output) 
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PADS"' mdicatcs that the address and bus cycle definition signals arc valid. PADS* is 
used by extemai hus circuitry as an indication that the lntel486 microprocessor has 
started a hus en k 

• 

• 

• 



• 

Central Processing Core 

Optional External Cache 
The DECpc 433 Work.">tation system hnard provides a 113-pm socket for an optional 
Intel 485Turhocache Module. availahle in either o4 KR or 128 KR. The external cache 
1s a single-ported device that enhances the capahiiities of the lntel486 microprocessor 
internal cac:ie hy providing zero wait '>latc-s for DRAM read cycles each time an 
external ~ache hit occurs. Cache access time is five CPU clock cycles. h is physically 
connected to the Intel486 microprocessor address bus and acts as a bus watcher. 

Base Architecture 
The external cache module is a 16-hyte !in·.: size. Its two-way set-associative external 
cache contains an 82485 cache controller and eight SRAMs (see Figure 2-1 ). The 
following paragraphs contain a detailed description of the 82485 cache controller and 
SRAMs and hrtef signal description..<; of signals unique to the external cache. 

82485 Cache Controller 
The 82485 controller contains two sections. Each section has 2 KB tags with 17 hits 
per tag so it can store tl1c full 4 GB real address spat..:e of the lntel486 microprocessor . 
These tags also reference rwo valid hits and a write-protect bit and are forced to 
reference two consecut1Vt· 1 'l-hyte lines (two sectors per tag). An LS input (address 
PA4) determines which sector of each tag is being selected (see Figure 2-2}. 

The nmtrol units of the 82485 arc responsible for controlling the data SRA Ms, 
controlling the tag RAM structure. am'. mterfaci116 to the Intel486 microprocessor. 
Because the units are independent. the 82485 is C'apable of updating its tag RAM while 
data is being hursted into SRAM or it can hecome invalid during a line fill to a 
different address 

The ~2485 uses the Least Recently Used ( LRlI) algonlhm to determine which tag 
<-hrn1ld he 1nqlid;.it('tl nn r;-icht' mi"'t'' A <.:!ng!t> LRU bi! l"~r !ag pPi!1b I() the tag !ha! 
will he replaced. 

SRAMs 
The external cache SRAMs operate at a speed of 24 ns and are capable of zero wait 
state reads and writes. single clock hursting, and have minimized capacitive loading on 
the Intel486 microprocessor clock and data lines. 
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Figure 2-1. External Cache Functional Block Diagram 
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Figure 2-2. 82485 Cache Controller 
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Extt=rnal Cache Signal Defhiitions 
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Tahle 2-2 is a signal name cwss reference for the external cache and :-ystem hoard. 
Following Table 2-2 are brief descriptions of external cache signals not common to the 
Intel486 microproressor. 

Table 2-2. External Cache Signal Cross Reference 
~~~~--~~·~~~~-

Extern a I Cache System Board 
Pin Number Signal Name Signal Name 

J1 A2 PA2 

K2 A3 PA3 

Ll A4 PA4 

L2 A5 PAS 

rv1 I A6 PA6 

M2 A7 PA7 

N2 A8 PA8 

NI A9 PA9 

01 AHl PAIO 

P2 All PAI l 

(.)2 AI2 PAl2 

R2 AU PA13 

RI Al4 PAl4 

SI Al5 PA15 

T2 Al<i PAlh 

Tl Al7 P:\ 17 

U2 Al8 PA18 

lI I Al9 PA19 

V2 A20 PA20 

W2 A21 PA21 
····-~·-· ---·--
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Table 2·2. External Cache Signal Cross Reference (continued) 

Pin Number 

WI 

XI 

Y2 

Yl 

Z2 

Zl 

AA2 

AAI 

BR2 

() 1 

HI 

H2 

I l 

12 

84 

C4 

R2 

Fl 

F2 

External Cache System Board 
Signal Name Signal Name 
·----

A22 PA22 

A2J PA2_1 

A24 PA24 

A25 PA25 

A26 PA26 

A27 PA27 

A.:::g PA28 

A.29 PA29 

A30 PA30 

A31 PA.11 

REO* PREO* 

REI* PBEI * 

RE2* PRE2* 

BE3* PREY· 

CRDY* PRDY* 

CARDY* PRRDY* 

MIO* PM/I<>* 

ADS* PADS* 

WR"' PW/R~ 
---· -----····---------··---
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Centre.I Processing Core • Table 2~2. External Cache Signal Cross Reference (continued) 

External Cache System Board 
Pin Number Signal Name Signal Name 

DI BLAST* RLAST* 

D5 SKEN* SKEN* 

D2 EADS* EADS* 

Cl RES VD Not used 

El BOFF* BOFF* 

E4 WP C6WP 

Rl CLK CLKB 
A4 CS* C6CS* 

(,2 FLUSH* FLUSH* 
A2 RST RST486 

F4 DO PDO 

G5 DI PD1 • G4 02 PD:! 

H5 03 PD3 

15 04 PD4 

14 ()5 PD5 

J5 Dfl PD6 

J4 D7 PD7 

K4 D8 PD8 

L5 D9 PD9 

L4 DIO PDlO 
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Table 2-2. External Cache Signal Cross Reference (continued) 

External Cache System Board 
Pin Number Signal Name Signal Name 

MS D 11 PDl 1 

NS Dl2 PD12 

N4 013 PD13 

05 Dl4 PD14 

04 015 POIS 

Q4 016 PD16 

RS 017 PD17 

SS 018 PD18 

S4 Dl9 PDl9 

T'.'I 020 PD20 

T4 D21 PD21 

U4 D22 PD22 

VS 023 PD23 

V4 024 PD24 

\VS 025 PD25 

XS 026 PD26 

X4 027 PD27 

YS D28 PD28 

Y4 D29 PD29 

Z4 030 PDJO 

ZS 031 PD31 

P4 DPO PDPO 
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~able 2~2. External Cache Signal Cross Reference (continued) 

Pin External Cache System Board 
Number Signs! Name Signal Name 

()5 DPI PDPl 
A A 1 no,.., nr.n-. 

._,,; a """' I Lil -

AA5 OP3 PDP3 

E5 START* START* 

C5 BRDYO* CBRDY 

B5 CKEN* CKEN* 

BB3 PRSN* CnPRES* 

G2 WPSTP"' WPSTP* 

SKEN"' (Input) 

If the external cache misses a read, the external memory provides the line fill to hoth 
the lntei486 rmcroprocessor and to the external cache. System memory re-issues the 
iine fill request by activating SKEN*. Multiple line fill requests can he issued as long 
as a re411est arrives at its final value in the clock ht>fore the first PRDY* or PBRDY* is 
returned to the lntel486 microprocessor. 

C6 WP {Input) 

2-20 

Write protect defines a line as write-protected Any writes to this line will not update 
the cache data SRAM. WP is a synchronous signal and requires that the setup and 
hold times hr met at each clock edge regardless of the C6 WP state hcing acted upon. 
C6 WP 1s denved from the write-protect hit of the decode SRAM. 
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C6 cs• (Input) 

Cache select enables a cache cycle. C6 CS* is driven inactive for Intcl486 
microprocessor locked cycles. 

FLUSH* (Input) 
Aclivating this pin causes the external cache to invalidate the contents of its cache. If 
predictable external cache flushing is requtred, the pin's setup and hold time 
requirement.;; must be met. FLUSH* can also accept asynchronous input. 

ST ART"11 (Output) 

The external cache generates ST ART* to indicate the current bus cycle must be 
serviced hy the system. The external cache also activates START* for read miss 
cycles and all writes. START* is not activated for 1/0 cycles. 

CBRDV* (Output) 
The external cache activates CRRDYO* when a read hit occurs. 

CKEN* (Output) 
The external cache activates CKEN * for non-write-protected read hit cycles. 

WPSTP"' (Output) 

The write-protect strap option changes CKEN* hehavior each time a read hit occurs on 
a C6 WP line If strapped high, CKEN* validates a C6 WP line fill. If strapped low, 
C6 WP line fills are valida'':'d. WPSTP* is always driven low hy the system hoard. 
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Corona ASIC 
The Corona ASIC generates docks for the lntel486 microprocessor, the 82346 system 
controller. and the external cache. It also does hus arhitration and hus control 
functions for accesses initiated hy the lntel486 micrnprocessor and the 82346 system 
cuntroller Four configuration ports allow Corona ASIC tailoring for different caching 
options. 

Corona ASIC Functional Units 
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The Corona ASIC consists of the following functional blocks (see Figure 2-3). 

• Clnck, reset, and test 

• Bus arhitration 

• Local hus contml 

• CadlL' C(l!ltrul 

• Rus conversion 

• Misn·lknt·ous logic and NPX support 

• Address den lde 

• Co11tigurat1on purls 

Tht• rrniain .. l·r of thts section provides a hrief description of the Corona ASIC's 
funct.,mal hlod~s. 
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PBE(3:0)* < -> PA(31 :26) 
PMIO* .. ·--~··---

POC'• /', .. Address PA(25:2) 

PWR* 'r ' Decode PBOCS* 

PADS* Bus 

EBE(3:0)* < Conversion 
EMIO* < CLK21N 

EDC* < · > CLK2A 

EWA* <!(----- > CLK1A 
-·--·-> CLK1B 

PD7:0 <--·- ----> CLK1C 
LTWIRE - _ _, CLK11N 
CPBB11 · RESDRV 
CPBB21 · ---- RESCPU 

C6MPR* Clock. · --- RESKB* 
CPBB41 Reset. and 

-- ··--- RSTSYS 
CPBB51 Config- --- .. !'" 

Test 
· - )- RST346 

LNBOOT <-· uration 
-- .. \/ -- -> RST486 

L30STO < / >AHOLD 
L32KMD <- Ports > TESTO 

LANRST"' <- TEST1 
DIALED < TSALL* 

FPRTYE < TSCLK* 
TURBO* < ASCLR* 
C6MCS* < NTOUT 

• CPAB60 < 

PHLDA - CKEN* 
PHOLD <: Bus 

/ > PKEN* 
HRQ346 Arbitration · '· > SKEN* 
HAC346 < --,_... 

Cache PCD 
A3460* Control MW* 

CBAYO* >WP 
PRDY* < ··>EADS* 

PBADY* < · >FLUSH* 
PADS* Local Bus 
BADS*< Control 

FERR* 
START* Miscellaneous > IGNNE* 
BLAST* Logic > IAQ13 

ROMCS* and NPX BKA20* 
EA2 < Support · > GTA20* 
EA3<··· 

'...: -- - - ------ ------v 
>ALIGHT 
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Figure 2-3. Corona ASIC Functional Block Diagram 
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Cloe~-., Reset, and Test 
The dock portion generates 66 MHz and 33 MHz clock signals for the system board 
and internal Corona ASIC operations. Corona divides the 66 MHz input clock 
I CLK21N) hy two to produce 33 MHZ dorks for the external cache (CLK 18) and the 
ln1el4Hh minnprncessnr (CLKIA). Clock CLK lA is returned from the system board 
I·' I he Corona ASIC as CLK I IN Corona also outputs 60 MH1. clocks ICLK:!A) to the 
8:2346 system controller. 

The reset portion forces the Corona ASIC to a known state when either a hard or soft 
n".sl·t is received. Reset also generates synchronous reset to the Intel486 
maooprocessnr and the 82346 system controller. 

The test rmrtinn provides functionality for component and board level testing. 

Bus Arbitration 

Tht" hus arhttration hlock provides bus arbitration control signals in response to DMA 
m rdresh requests from the 82346 system controller 1t also monitors memory bus 
;1l ti\ 1ty and grnerates an invalidation signal for the Intel486 microprocessor and the 
t'.xtemal u11 h·-· Ru-.; arhi1rati11n also prnvides deturhn functions. 

local Bus Control Block 
The local hus control hlock generates address strohes for the 82346 system controller 
for a 11 ml'mory accesses except: memory read cycles satisfied hy the external cache 
!<-;tTnnda1~1 cal'he hit). Corona ASIC configuration register 1/0 accesses. a flush cycle, 
1.11 an Hl\altda1e txtt:rnal wnt1.·-back caclw t·ycle. This hlock also generates ready for 
both hur-;1 alld rmn·hw ... t requests 

• 

• 

• 
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Cac~e Control Block 
The cache cuntrol hlock grncrates cache t'1whle signals for the lntel486 
mi('roprocessor and the external cache. It als,l generates the external cache wntc 
prnkct s1g11al 

Bus Conversion Block 
The bus et1nversion bl:Jck converts lmt'l486 micropWL'es:c.or bus cyck delmilions 10 

cletinitions compatible with the 82346 system controller. (lntel386™ microprocessor 

compatible). 

Miscellaneous Logic and NPX Support Block 
The miscellaneous logic provides gate A20 support. The numeric coprocessor 
exten•,ion (NPX) pnwides hardware support for f1oatmg-point errors. This includes 
floating-pomt error (FERR*), ignore tloating-po1nt error (lGNNE* ), and interrupt 
rl'qlll'SI IJ (!RQ I ; ) 

Address Decode Block 
The addre<;s decode hi Pc k dccude~, \a nuu..., sv:-,1t·m mcmurv address spares and then 
passes tlus rnformat1on internally to the cache control block. The address tkcode­
hlnck also generates internal select signals for configuration ports. Accesses to these 
ports are hy the Inte!486 minnprocessor local hus and arc not translated mto 82346 
system contmller cydes. 

Configuration Ports Block 
The Corona ASIC' contains four cnnfig11rali\lll pllfh (A thrnugh D) Iha! enahle or 
disable various system and test options Configuration ports A, C, and Dare output 
ports \1,,·ith rcadhack CnnfiguraliPn port R is read 1mly Refer In Tahil''~ 2-J through 
2-8 f·ir specific hit definitions. Cnnfiguratinn pons are imt1ali1.ed \Vllh a hard reset 
and are 1101 affeckd hy a soft reset. 

225 
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Tabie 2-3. Con~iguration Port A Bit Definitions for Ethernet 
--------

Bit Definition 

7 When active high and a soft reset occurs, causes the Intel486 
microprocessor to perform its Ruilt-in Self Test (BIST). 

6 Reserved. 

5 'Vhen active high, generates false parity. 

4 When active high, turns on the diagno-:tic LED. 

3 When active high, resets onhoard LAN logic without resetting the 
system hoard. Stays reset until set back to zero. 

2 When active high, selects LAN data buffer size of 32 KB. When active 
low, selects a LAN data buffer size of 64 KR. 

When active high. sets LAN operation timeout to 30 seconds. When 
active low, sets the LAN operation timeout to 2.5 minutes 

0 When active high. configures system hoard LAN logic for remote boot. 

Table 2-4. Configuration Port B Bit Definitions for Ethernet 

Bit Definition 

74 Reserved 

J When sampled high, an external cache is installed on the system hoard. 

2 ·I Rest>rved 

0 When active high. the Shielded Twisted Pair/Unshielded Twisted Pair 
switch is in the Shielded Twisted Pair position 

• 

• 

• 
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Table 2-5. Configuration Port A Bit Definitions for Token Ring 

Bit Definition 

7 When active high and a soft reset occurs, causes the Intel486 
microprocessor to perfonn its BIST. 

6 When active high, selects 16 Mhps Token Ring network. When active 
low, selects 4 Mbps Token Ring network. 

5 When active high, generates false parity. 

4 When active high, turns on the diagnostic LED. 

3 When active high, reset.;; onboard LAN logic without resetting the 
system hoard. Stays reset until set hack to zero. 

2 When active nigh. ,;;elects upper l MB of 2 MB LANBOOT PROM (if 2 
r.rn PROM installed), otherwise, no effect. 

Reserved. 

0 When active high, rnnfigures system hoard LAN logic for remote boot. 

Table 2-6. Configuration Port B Bit Definitions for Token Ring 

Bit Definition 

74 Reserved. \ 
I 

3 When sampled high, an external cache is installed on the system hoard. 

2 I Ri.'served. 

O When actiw high, ihe Shieided Twisted Pair/Unshielded Twisted Pair 
<.witch is :n the Shielded Twisted Pair position. 
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Table 2-7. Configuration Port C Bit Definitions 

Bit Definition 

7 When active high, pulses the FLUSH* signal to flush both the primary 
and secondary cache. Returns zero when read. 

6 When active high, the external cache is not selected. 

5 When active high, sets the write protection attribute of the cache lines 
filled from video BIOS address space OCOOOOH to OC7FFFH. 

4 When active high, enables the cache for system BIOS address space 
OEOOOOH to OFFFFFH. 

3 When active high, enables the cache for video BIOS address space 
OCOOOOH to OC7FFFH. 

2 When active high, enables the cache for memory address space 80000H 
to9FFFFH. 

When active high. enables the external cache. 

0 When active high, enables the Inte1486 microprocessor's internal cache . 

Table 2~8. Configuration Port D Bit Definitions 

Bit Definition 

7 

6 

5:0 

When active high, controls the deturbo emulation speed of the Intel486 
microprocessor as set by bits 5:0. When active low, the Intel486 
microprocessor runs at full speed. 

Reserved. 

This 6-hit unsigned integer loads a counter to adjust the effective speed 
of the Intel486 microprocessor in the deturbo mode. 

• 

• 

• 
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3 
Memory 

Introduction 
System memory is primarily controlled hy the memory controller section of ihe 82346 
system controller. The memory controller generates arcess timing signals for fast­
paged mode memory and, if more than one memory hank is installed, generates hank­
interkaved fast-paged mode accesses (see Figure 3-1) for a complete description of 
the 82346 system controller. refer to Chapter 5. 

Durmg memory a..:cesses, the memory controllt·r rnmt•rts its local hus signals to the 
proper memory control signalr.,. It al'-ll generalt'<> the necessary Jata conversion signals 
and then pa~;·~es them lo :he cnrrcd hyk la 1L'S. Dunng n"~mory accesses hy DMA or 
bus masters, the memory controller Jues the m·cessary s11:. 'lal conversions to properly 
read d~t3 f ron1 and \vrite data tn n:emc:ry. 

Memory refresh is also controlled hy ~he memory controller. A typical refresh cycle 
takes apprm.imately l µs every 16 w;; In additinn, all refresh cycles are staggered to 

minimize power supply loading and attendant noise on ground pins. 
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READY* -----------1" 
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Figure 3-1. 82346 Memory Controller Section Block Diagram 
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Memory 

DRAM 
The DECpc 433 Workstation system board provides thret.~ 32-hit mt•mory hanks that 
support up to 48 MB of DRAM. DRAM consists of either l MR or 4 MR Single In. 
line Memory Modules (SIMMs). DRAM an.·ess time is KO nanoseconds or faster. 
Both types of SIMMs nm b~ mixt•d between the three memory hanks; however, they 

cannot be mixed within the same memory bank. 

Memory Mapping 
The memory controller suppuns tlac 11i11e DRAM memory maps listed in Tuhle 3-1. 
Each combination listed is addressable in each of the three 32-hil memory hanks. 
Note that memory hanks zero through two are referred to as logical hanks when 
internally addressed hy the 82346. The actual system hoard memory hanks. when 
accessed internally. might differ depending on the value stored in the indexed 
configuration register RAMMOV. The memory column lists the total amount of 
DRAM available in each memnry map. The RAMMAP (..t:O) rnlumn indicates the hex 
value written in bits four through zero from tht• RAMMAP indexed configuration 
register (refrr to Tahle 3-2). 

Table 3-1. DRAM Mapping 

Config Banko Bank 1 Bank 2 Total RAMMAP 
No. SIM Ms SIM Ms SIM Ms Mem (4:0) 

(4l l MR 4MR 4 
") (4) I MR (4) I MR 8 MR 7 .... 

3 (4) l MR 14) l MR t4) l MR 12 MR A 

4 (4) 4 MB 16 MR c 
5 (4) I MR (4)4 MB 20MR F 

() (4) l MB (..f) l MR (414 MB 24 MB I() 

7 (4) 4 MB (4) 4 MB 32MB l l 

8 (4) 4 MB (4) 4 MR (4) I MR 16MR 14 

9 (4) 4 MB (4) 4 MB (4) 4 MR 48MB 16 
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Memory 

Table 3-2. RAMMAP Indexed Configuration Register 

Bit 

7:5 

4:0 

Fvnction 

Always one 

DRAM memory map codr 

Fast-Paged Mode and Interleaving 

3 .. 4 

DRAM operates in fast-paged mode or two-way inlerleaving. Bolh options arc 
selected by programming the RAMMAP and RAMSET indexed configuration 
registers (refer to Tables 3-2 and 3-3, respectively). Fast-paged mode is enabled or 
disabled for each pair of memory banks independently. Interleaving requires two 
memory hanks. Banks zero and one are the memory hanks available for interleaving. 
Refer to Table J-4 for a listing of fast-paged and interleave options versus selected 
memory map options. 

Table 3-3. RAMSET Indexed Configuration Register 

Bit Function 

7:6 DRAM drive 

5 STDLY 
4 PIPE 

3 Page mode A 

2 Page mode R 

Bank A interleave 

() Rank B interleave 

• 

• 

• 
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Table 3-4. Fast Paged/Interleave Versus Memory Map Options 

Page/ Total 
32-Bit DRAM Memory Banks Interleave Mem 

Banko Bank 1 Bank2 A B 

(4) 1 MB A 2/P 4MB 

(4) 1 MB (4) l MB 2/P 8MB 

(4) 1 MB (4) 1 MB (4) 1 MB 2/P Page 1:2MB 

(4) 4 MB 2/P Page 24MB 

(4) 1 MB (4) 4 MB Page 16MB 

(4) 1 MB (4) 1 MB (4) 4 MB 2/P Page 32 MB 

(4) 4 MB (4) 4 MR 2/P Page 36MB 

<4) 4 MB (4) 4 MR (4) l MB 2/P Page 48MB 

(4) 4 MB (4) 4 MR (4) 4 MR Page 20MB 

• DRAM Timing Parameters 
Two configuration registers are used to program the DRAM t!ming parameters: 
RASTMA and CASTMA. Refer to Tahle 3-5 for specific bit allocations. 

Table 3-5. RASTMA and CASTMA Configuration Registers 

RASTMA CASTMA 

Bit Function Bit Function 
7 RAS address select 7:6 CASW 

6 RCD 5 CST 

5 3 RP 4 3 CP 

2:0 RAS 2:0 CASR 
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DRAM Refresh 

3-6 

The memory controller generates onhoard DRAM refresh cycles and controls both 
onhoard and oftboard refresh timmg in ali modes. Refresh timing occurs in two 
modes coupled mode or decoupled mode. In coupled mode, refresh timing for the 
<:\'<"IPm h,-..,.,rrl ..,...,rl •~ 1 "11;,..,,...,t nr""'h;r< ,..~nt,--,.1!.-- ·-· .- • - lll'.nfU_l.ll)U"iV l·n dCCOUpl'elJ· ··.; ~-~ ........ ~, ... ,-•- -·•~ ••i .. .._•••t:i"""•'' o•"t-'•'•""'"·-• .._ '-~•11..1v1t\..I l..A.t.:\...Ult'~ ~)' v J. 

mode. the memory controller has complete control over the timing of onboard refresh 
and offboard refresh; however, the timing of each is independent. Configuration 
register REFCTL is used to program the specific modes (ref er to Table 3-6). 

Table 3-6. REFCTL Configuration Register 

Bit Function 

7 Decouple 

64 

3 10/16 1/0 

2 () Slow refresh (intelligeni graphic~ contrulier) 

• 

• 

• 
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4 
82340DX ISA Chio Set • 

Introduction 
The 82340DX ISA Chip Set contains an 82344 ISA hus controller. an 82345 data 
buffer. and an 82346 system controller (see Figure 4-l ). This chapter describes each 
of these in detail. 

82344 ISA Bus Controller 
The 82344 ISA Rus Controller provides the funl'lions ot 0!\1A. interrupt control, 
counter/timer. and real-time dock (see Figure 4-2 l. The following paragraphs 
descnhe each of tht>se suh'.'>el'.i1ons in dt'laiL 
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Figure 4-1. 82340DX Functional Block Diagram 
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Figure 4-2. 82344 Functional Block Diagram Subsection 
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OMA 

4-4 

fhe DMA subsection controls OMA transfers between 1/0 channels, onhoard memory, 
and ISA slot arcessing. It allows data transfers throughout the entire 48 MB range of 
system hoard DRAM and drives the appropriate bus command signals. depending on 
whether an access is a memory read or write (sec Figure 4-3). 

The DMA subsection contains the following: 

• Two DMA controllers 

• Middle address bit latches 

• DMA controHer registers 

• Page registers 

• Address generation 

• 

• 

• 
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Figure 4-3. OMA Subsection Functional Block Diagram 
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OMA ~ontrollers 

4-6 

The ISA bus controller supports seven OMA chanriels using two 823 7 OMA controller 
equivalent megacelts. The megacells are programmable via two indexed configuration 
registers: OMA and ROMDMA (refer to Tahles 4-l and 4-2). OMA controller one 
contains channels zero through three These channels are used to transfer data 
hetween 3-bit peripherals and 8- or 16-hit memory in pages of 64 KB. OMA 
controller two contains channels four through seven. These channels (except channel 
four) are ttsed to transfer data between 16-bit 1/0 adapters and 16-bit memory in pages 
of 128 KB. Also, a full 26-bit address is output for each of the seven channels, so data 
can be transferred throughout the entire 48 MB system address space. 

Table 4-1. OMA Indexed Configuration Register 

Bit Function 

7 Enable FF 

(1 4xx enahle 

5 l Always one 

0 FFPTR 

Table 4-2. ROMDMA Indexed Configuration Register 

Bit 

7·6 

54 

3:2 

() 

Function 

ROM wail states 

8-hit wait states 

16-hit wail states 

DMA cluck 

MEMR * timing 
··-·---------------

• 
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Middle Address Bit latches 
The middle address bits are latched to an internal 8-hit register when the DMA 
controller writes a specified value onto an internal bus and by issuing an address 
strobe. The DMA controller issues the address strohe at the beginning of a DMA 
cycle and each time the lower 8-bit address increments across an 8-hit subpage 
boundary dur~ng block transfers. The middle DMA address hits register cannot he 
written to or read from externally and can only be loaded from the address strobe 
signals. 

OMA Controller Registers 
Table 4-3 lists the addresses of all registers that can be read or written to DMA 
controller one and two. 

Table 4-3. OMA Controller Read/Write Addressing 

DMA2 DMA1 Function 

OCOH OOOH Channel zero base and current address register 

OC2H OOIH Channel 1.ero base and current word count register 

OC4H 002H Channel one hase and current address register 

OC6H on3H Channel one base and current word count register 

OC8H 004H Channel two base and current address register 

OCAH OOSH Channel two base and current word count register 

OCCH 006H Channel three base and current address register 

OCEH 007H Channei three hase and current word count register 

ODOH 008H Read status register/wnte command register 

OD2H 009H Write request register 

OD4H OOAH Write single mask register hit 

OD6H OOBH Write mode register 

OD8H OOCH Clear byte pointer flip-flop 

ODAH OODH Read temporary register/write master clear 

ODCH OOEH Clear mask register 

ODEH OOFH Write all mask register hits 
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Page Registers 

4-8 

An extended megacell is used in the ISA bus controller to generate the page registers 
for each DMA channel. These page registers provide the upper address bits during 
DMA cycles and are programmed by the ROMDMA indexed configuration register. 
Tables 4-4 and 4-5 list the available page register options. 

Table 4-4. OMA Page Register Option One 

Addresses Addresses OMA 
A25:24 (86 = 1) A23:16 (86 = x) Channel 

487H 87H 0 

483H 83H 

481H 8IH ., 
"' 

482H 82H 3 

48BH 8BH 5 

489H 89H 6 

48AH 8AH 7 

48FH 8FH REFRESH* 

• 
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Table 4-5. OMA Page Register Option Two 

Addresses Addresses 
A25:24 A23:16 OMA 
(BO = 1, B7 = 1) (BO = 0, 87 = 1) Channel 

87H 87H 0 

83H 8JH 

81H 81H 2 

82H 82H 3 

8BH 8BH 5 

89H 89H 6 

8AH 8AH 7 

8FH 8FH REFRESH* 

Address Generation 
DMA addressing for the ISA slot and system DRAM is made up of upper, middle, and 
Jower address portions. The page registers for each OMA controller generate the 
upper address portion and must be set up by the inte1486 microprocessor prior to any 
DMA operation. The OMA controllers generate the middle address portion at the 
beginning of a OMA operation and each time a OMA address increments or 
decrement" through a block boundary. The OMA controllers also generate the lower 
address portion during OMA operations. Tables 4-6 and 4-7 list the OMA addressing 
for the ISA slot and system DRAM. 
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82340DX ISA Chip Set • Table 4-6. OMA Addressing for ISA Slot Access 

Middle 
Page Address 8237 8-Bit 16~Bit 

Registers Latches Megacell OMA OMA 

M9 

M8 

M7 LA23 LA23 

M6 LA22 LA22 

M5 LA21 LA21 

M4 S/LA20 S/LA20 

M3 S/LA19 S/LA19 

M2 S/LA18 S/LA18 

Ml S/LA17 S/LA17 

MO SA lo 

07 SA 15 SA16 

06 SA14 SAIS • D5 SA13 SA14 

D4 SAl2 SA13 

D3 SAi 1 SAI2 

D2 SAJO SAi 1 

DI SA9 SAIO 

[)() SAR SA9 

A7 SA7 SA8 
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Table 4-6. OMA Addressing for ISA Slot Access (continued) 

Middle 
Page Address 8237 8-Bit 16-Bit 
Registers Latches Meg ace II OMA OMA 

A6 SA6 SA7 

AS SA5 SA6 

A4 SA4 SAS 

A3 SA3 SA4 

A2 SA2 SAJ 

Al SAi SA2 

AO SAO SAi 
\SS SAO 

Av* SRHE* 

vss SBHE* 

Table 4-7. OMA Addressing for System DRAM Accesses 

Middle 
Page Address 8237 8-Bit 16-Bit 
Registers Latches Megacell OMA OMA 

M9 A25 A24 

M8 A24 A24 

M7 A23 A23 

M6 A22 A,,,, .... 
M5 A21 A21 

M4 A20 A20 

M3 Al9 Al9 

M2 Al8 Al8 
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Table 4-7. DMA Addressing for System ORAM Accesses (continued) 

4-12 

Page 
Registers 

Ml 

MO 

Middle 
Address 
Latches 

07 

D6 

05 

04 

03 

02 

Dl 

DO 

8237 
Meg ace II 

A7 

A6 

AS 

A4 

A3 

A2 

Al 

AO 

8-Bit 
OMA 

Al7 

Al6 

Al5 

Al4 

Al3 

Al2 

Al I 

A.10 

A9 

A8 

A7 

Ao 

AS 

S4 

A3 

A2 

16-Bit 
OMA 
Al7 

Al6 

Al5 

Al4 

Al3 

Al2 

A 11 

AIO 

A9 

A8 

A7 

A.6 

A5 

A4 

A3 

A2 

• 

• 
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Interrupt Controller 
The interrupt controller consists of two 8259 programmable interrupt controller 
equivalent megacells with eight interrupt request lines each. The two 8259s are 
cascaded inside the ISA bus controller with two of the interrupt request inputs 
connected to internal circuitry. This allows a total of 13 external interrupt requests 
(see Figure 44). 

Timer 1 Counter 0 
IRQ1 

IRQ3 
IRQ4 
IAQ5 
IRQ6 
IRQ7 

___ _.____ 0 

1 

,---· 2 82C59 
----t---~ 3 Core 
-- ' --- 4 ·- ---t----- 5 
------1 ----- 6 
---l-~ 7 .__ ____ __, 

l ___________________ _ 
IR08" 0" 
IRQ9 1 
IR010 2 
IR011 3 82C59 
IRQ12 -------~ 4 Core 
IRQ13 and Chaining·-----~ 5 
IRQ14 6 
IR015 -------- 7 .___ ____ ___, 

INTR To 
--)io CPU 

INTR 

OM·00374 

figure 4-4. Interrupt Controller Functional Block Diagram 
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Interrupt Controller Registers 
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The internal registers of the 8259 megacells are written to in the same manner as the 
standard 8259 chip. However, before nom1al operation begins, each megacell must 
follow an initialization sequence. The sequence start;;; by writing Initialization 
Command Word one (ICWl}. Once written, the megacells expect the following 
sequence: ICW2, ICW3, and ICW4 (if require"!}. Operation Control Words (OCWs) 
are written any time after initialization (refer to Tables 4-8 and 4-9). 

Table 4-8. Interrupt Controller Write Operations 

lnt1 lnt2 XD4 XD3 Register Function 

020H OAOH x Write ICWI 

021H OAIH x x Write ICW2 

021H OAIH x x Write ICW3 

021H OAIH x x Write ICW4 

02lH OAlH x x Write OCWl 

020H OAOH 0 0 WriteOCW2 

020H OAOH 0 1 WriteOCW3 

Table 4-9. Interrupt Controller Read Operations 

lnt1 lnt2 Register Function 
~~~~~--------~-·-·~~~~--~--~~--~----~--

020H OAOH 1 n t e rru pt Request Register (IRR), 
In-Service Register (ISR), or 
Poll Command (PC) 

021H OAlH Interrupt Mask Register (IMR) 

• 

• 
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Interrupt levels 
Table 4-10 lists the interrupt levels for the DECpc 433 Workstation. 

T ... a..1~ JI -tn 
1 c;n,,n;; .....- 1 u. DECpc 433 Workstation System Interrupt Leveis 

Interrupt Interrupt 
Priority Controller Number Interrupt Source 
1 l IRQO Timer tick 1 

2 1 IRQl Keyboard controller 

1 IRQ2 Cascade interrupt 

3 2 IRQ8 Real-time clock (RTC) 

4 2 IRQ9 Reserved 

5 
., 

IRQlO TIGA video ... 
6 2 IRQl I SCSI interrupt 

7 ") IRQ12 Mouse intenupl .... 

8 ") IRQ13 Numeric coprocessor ... 
9 2 IRQ14 Hard disk drive 

10 2 IRQ15 Reserved 

11 IRQ3 
,.....,.-.,. ... ~ 
L Uivt.::. 

12 IRQ4 COMI 

13 lRQS LAN interrupt 

14 IRQ6 Floppy disk dnve 

15 IRQ7 LPTl 
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Counter/Timer 
The counter/timer consists of one 8254 programmable interval timer equivalent 
megacell with three independent counters. The docks for each of the internal counters 
are tied to a 14.318 MHz oscillator through a divide-by-twelve counter The gate 
inputs of counters zero and one are tied high to enable them at <ill times. The gate 
input of counter two is tied to hit zero of the port B register inside the ISA bus 
controller (see Figure 4-5). 

Counter/Timer Outputs 

4-16 

Three counter/timer outputs are available from the 8254 megacell One of the three 
outputs is directly available at an external pin. The output of counter 1.ero is connected 
to input IRQO at interrupt controller one. The output of counter one is directly 
connected to pin OUT I. The output of one counter is tied to one of the inputs of an 
AND gate: the other AND gate input is connected to bit one of the port B register 
inside the ISA hus controller (see Figure 4-5 ). Table 4-11 lists the addressing for each 
of the counter/timer's irtemal registers. 

• 

• 
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VDD 

OSC/12 --..---t----• CLKO 

GATED 

CLK1 
GATE1 

CLK2 
Bit-0 -- GATE2 

IOR• ------- WR• 
IOW' ----- RD* 

XD7:0 ~----· 
A1:0 -------

OUTO --------~ lRQO 

OUT1 ------->- OUT1 

OUT2 i----1 

I 
SPKR 

I 
8254 

MEGACELL 
i 

Bit-1 ·----···-···---·---·-·------·-___ _J 

OM-00628 

Figure 4-5. Counter/Timer Functional Block Diagram 

Table 4-11. Counter/Timer Register Addressing 

Register 
Address IOR* IOW* Function 

040H I 0 Write initial count to counter 

040H 0 I Read count/status from counter zero 

041H I 0 Write initial count to counter one 

041H 0 I Read count/status from counter one 

042H I 0 Write initial count to counter two 

042H 0 I Read count/status from counter two 

043H l {\ Write control word v 

043H 0 1 No operation 
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Real~l.me Clock 

4-18 

The Real Time Clock (RTC) contains a 146818 RTC equivalent megacell. This 
megacell consists of 10 RAM bytes (for the time, calendar, and alarm data), four 
control and status bytes, and 114 general purpose RAM bytes (refer to Table 4-12). 

If the system infonnation contained in the RTC becomes corrupted or if 
the RTC needs to he replaced, you must clear CMOS RAM and, if set, the 
password using the clear CMOS RAM and clear password jumpers before 
resetting system parameters. Table 4-13 describes the jumper sett~ngs. 

Table 4-12. RTC Clock Address Map 

Address Function Range 

l2714 User RAM 

13 RTC register D Read only 

12 R TC register C Read only 

l l RTC register B Read/write 

10 RTC register A Read/write 
q Year 99:0 

8 Month 12: I 

7 Date of month 31: 1 

6 Day of week 7: 1 

5 Hours (alann) 2.lO 

4 Hours (time) 12: l (12 hour mode) 

2 Minutes (time) 59:0 

Seconds (alann) 59:0 

0 Seconds (time) 59:0 

• 

• 
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Table 4-13. System Board Jumper Settings 

Feature 

Password 

CMOS RAM 

Description 

Normal operation (default) 
Clear password 

Normal operation (default) 
Clear CMOS RAM 

Time-Of-Day Registers 

Jumper Settings 

E l -1 and E 1-2 
El-2 and El-3 

El-4 and El-5 
El-5 and El-6 

The contents of the time-of-day registers can be binary or BCD. The addressing for 
these registers are listed in Table 4-14. 

Table 4-14. Time-of-Day Register Addressing 

Address BCD Mode Binary Mode Function/Time 

9 99:0 63:0H Year 

8 12: l OC: l H Month 

7 31: l IF: lH Date 

6 7: 1 7: lH Day-of-week 

5 12: l OC:OIH Hours/alam1/am 

5 92:8 l 8C:81H Hours/alarm/pm 

4 12: l OC:OlH Hours/am 

4 92:81 8C:8 l H Hours/pm 

3 60:0 OR:3H Minutes/alarm 

2 60:0 OR:3H Minutes 

600 OR.3H Seconds/ a Jami 

0 60:0 OB:3H Seconds 
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Control Registers 
The i468 i8 megacell contains four control registers: A, B, C, and D. All four 
registers are accessible hy the Intel486 microprocessor and are fully accessible during 
update cycles (refrr to Table 4-12). 

All 128 bytes can he directly read and written by the lntel486 microprocessor except 
for the following: 

• Registers C and D (read-only) 

• Bit seven of register A (read-only) 

• Bit seven of the seconds byte (read-only) 

Control Register A 

4-20 

This register contains control bits for selecting periodic interrupts, input divisors, and 
an update-in-progress status hit. Refer to Table 4-15 for control register A hit 
assignments. 

Table 4-15. Control Register A Bit Assignments 

Bit Description Abbreviation 

7 Update in progress UlP 

6 Divisor bit two DV2 

5 Divisor bit one DVl 

4 Divisor hit zero DVO 

3 Rate select bit three RS3 
') Rate select bit two RS2 ,_ 

l Rate select bit one RSI 

0 Rate select bit zero RSO 

• 

• 
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Control Register B 
This register contains command bits to control various modes of operation and 
interrupt enables for the RTC. Refer to Table 4-16 for control register B bit 
assignments. 

Table 4-16. Control Register B Bit Assignments 

Bit Description Abbreviation 

7 Set command SET 

6 Periodic interrupt enable PIE 

5 Alann interrupt enable AIE 

4 Update end interrupt enabie lHE 

3 Reserved 

2 Data mode (binary or BCD) OM 

24/12 mode 24/12 

0 Daylight savings enable DSE 

Control Register C 
This register contains status information relating to interrupts and the internal 
operation of the RTC. Refer to Table 4-17 for control register C bit assignments. 

Table 4-17. Control Register C Bit Assignments 

Bit Description Abbreviation 

7 IRQ pending flag IRQF 

6 Periodic interrupt flag PF 

5 Alarm interrupt flag AF 

4 Update ended flag VF 

3:0 Reserved 
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Conb ul Register D 
This register contains a hit indicating the status of the on-chip standby RAM. Refer to 
Table 4-18 for control register D bit ac.;signments. 

Table 4-18. Control Register D Bit Assignments 

Bit Description Abbreviation 

7 Valid RAM data and time VRT 

6 Not used (read as 0) 

s Not used (read as 0) 

4 Not used (read as 0) 

3 Not used (read as "> 
2 Not used (read as 0) 

Not used (read as 0) 

0 Not used (read as 0) 

82345 Data Buffer 

4-22 

The 82345 data huff er does all the data buffering functions required by the DECpc 433 
Workstation's system board. By direction of the Intel486 microprocessor. the ISA data 
huffer routes data to and from the lntel486 microprocessor, memory, and ISA data 
buses. It also provides the data conversion necessary for 32- or 16-bit writes to 16- or 
8-hit devices and, under the control of OMA or another bus master, allows 8- or 16-bit 
data routed to and from the ISA data hus and memory data bus. 

• 

• 
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82346 ISA System Controller 
The 82346 system controller provides huilt-in paged mode operation, two-way 
interleaving, programmable DRAM timing, system hoard and ISA slot refresh, full 
EEMS support, shadowing, and provides the bus clock and signalling interface to the 
82344 ISA hus controller (see Figure 4-6). 

The system controller consists of the following: 

• An Intel386 microprocessor interface 

• An ISA bus/system controller communication channel 

• A DRAM support subsystem 

• 1/0 control registers 

• Halt/shutdown detection 

The following sections describe each of these functions in detail. 
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TCLK2 -- Cl ck------·------------------------- >CLK2 
TURBO-- o 

BUSOSC - Control ------·----------------------------)IBUSCLK 

HLDA -1----- --- -----------------
DMAHAQ i--------------------------- --· Hold ----------->DMAHLDA 

OUT1 1 ------- --------- ---- Arbiter ---------------->HAQ 
AEFRESW < -f y---- -- - - -------------- CHSO"'/MR"' 

c:~:~~=lli~ Co~~ · -· -===r- --- -==~---= ~~:tw-. 
I LI -------------+-------------------------------> EALE* 

ADS• --t-1 Ti ---------------t------ > RAMW* I I i __ ::::=~:::::~.:.1t------------·----- >DEN* 
i I I I l i 
I I ' I I I MA10 A29,A28:2 ---+-j- !--J. -------------n---·----------------~ :0 
i 11 ! Addres BANKRQ(3·0)"'! '·--- ------------------)-. MDLAT* 
! j j I " I 

i i 1 '-- Oecod -·-------- -l-- ·----------->NA"' 
I I ! 8 PHIT/MISS"' I I I I ------··------- .. --r·--·-· -- ---- . -·--- -·----------> LBE3:0 
! I '--------------- ------+-- ORAM CAS13:10 

! L ------- --------------------i-·· ontrol--.. ----·-~amap -)>RASBK(3:0)* 
'------------·-----------------+- RAS13:10 Logic 

READY1 *--------·-------------------· --·------ -----t--- ·----- ~ CASBK(3:0)* 
BE3:0----------------- ---------- ___ J_ DRAMADY I --- ---i Remap 

1 r--------~-·-·-·-· 
'----------)1 Ready CNTL ~--> READYO* L ___________ _J 

IOR",IOW*---- Configuration 
XD7:0 ~----- Registers 

ERROR386* 

WTKIRQ -- ---- -- _ -----·- _____________ ---------------------------> BUSY386* 
NPX PEREQ386 

INTPC RES387 ERROR387* 
BUSY387* ·-- -- - ------- -

PEREQ387 ------ ----··------------------------ -------> IRQ13 
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A31 --- -- ---- --· --------·---"7'"---' 

A20GATE ---- -- - - ---------- - ----a-=- -;e:~t---------------------->BLKA20"' 
RST~~y =~-~~~----=--~--~~==~==-~~~-:=-~--==---= CNTL --- · -- ---- --- - ---> RESCPU 

TRI• --- --- ---------> 
CLK21N ----------->-

OM·00510 

Figure 4-6. 82346 System Controller Functional Block Diagram 
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lnte•486 Microprocessor Interface 
This portion of the system controller handles the control interface between the 
Intel486 microprocessor bus, memory data hus (via the Corona ASIC), and the ISA 
hus Its primary function is to intercept lnte1486 microprocessor bus status and 
address signals, decode the hus access, and detem1ine whether or not to process the 
hm; rettucst ur allow the ISA bus controller to process it. 

ISA Bus/System Controller Communication Channel 
The asynchronous interface to the bus controller is handled hy the group of signals 
listed in Table 4-19. These signals define the type of hus cycle to be run. 

Table 4-19. Bus/System Controller Bus Cycle Types 

CHM/IQ* CHS1 * CHSO* Bus Cycle 

0 () 0 INTA* 

0 0 IOR* 

0 l 0 IOW* 

0 Reserved 

() () REFRESH* 

() l MEMR* 

0 MEMW* 

Reserved 

DRAM Support Subsystem 
The DRAM support suhsystem provides RAS BK*. C ASBK, and LBE signals to each 
nf the DRAM banks. Refer to Chapter 3. "Memory" for more information about 
DRAM. 
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i/O Control Registers 
Table 4-20 lists the 1/0 pon addresses for the system controller registers. 

Table 4-20. Dedicated 1/0 Control Registers 

Port Address Function 
---·-------------------------

EBH:E8H 

ECH 

EDH 
EEH 
EFH 

F4H 

F5H 

F9H 

FHH 

Not used 

Configuration index register 

Configuration data port 

Fast A20 

Fast reset 

Slow CPU 

Fast CPU 

Configuration di~ahle 

Configuration enable 

Halt/Shutdown Detection 

4-26 

The system controller detects and acts on lntel486 microprocessor halt and shutdown 
conditions. The signal levels listed in Table 4-21 determine the existence of halt and 
shutdown conditions. 

Table 4-21. Halt/Shutdown Detection 

lntel486 Signal 
Mode Levels 

M/10* D/C* W/R* BEO* BE1* 

Halt 0 () 

Shutdown 0 0 l 

• 

• 

• 
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82341 Peripheral Combo Controller 

Introduction 
TI1e 8234 l peripheral comho controller is a 128-pin integrated chip used in 
conjunction with the 823400X ISA i:'.hip set. Its primary function is to provide 
peripheral support for the DECpc 43 3 Workstation system (see Figure 5-1 ). Supported 
peripherals include: 

• Two software-compatihlc 16C450 Ur'\RTs (COMl and COM2) 

• One PS/2TM snftw:rn'-•-·•.•mr;;.;i ibic bidircct ional para !lei port ( LPT I) 

• Control logic for Integrated Drive Ekctronirs 1 IDEl support 

• Seven programmable chip selects (three internal and four external) 

• PS/2 compatible keyboard/mouse controller 

The remainder of this chapter desnihes each of lht' supported peripherals in detail. 

Serial Communications Ports 
The peripheral comho controller contains two software-compatihh· 16C450 t lARTs 
dL·signated as C<>Ml and C<>M2 Roth t:/\RT-.. -;hare a cmnmrni haud ra!e nf ! RJ'2 

MHz and are internally accessed via chip selects CS I and CS2 
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5-2 

Kr:i<A 
KKSW 

KP8FL ·-!-- ---------
1 

K15:10 I 82C042 

KCLK 
KDAT 

i I KA20 i I PC/AT,PS/2 Keyboard/MOUSe __ ->- KRES 
i i Mode Controller KHSE 

AEN --f--+---- Port ______ .. ___ .... KSRE 

RTCMAP --i--i------- Address - -> IAQK 

SA15<l +t 
1

.:.. r Dewie ----~--, ,-- .------·--)i-:M 

I I Down I I i ,---------~ CS5 
i I Write I i I ! i '> CS(7:6)• 

! I Protect -- ATC Extended IDE_EN l L_i i i ~SC XTAL118.432 
507:0<1-- RegisterDecode PC/AT, \ i I\ . ~ ->XTAL2Mhz 

I i PS/2 1· l I i r Dividers 

i i Scra:!!~e Ram l ... -~ EXT i I J i I ~ XOIRS 
IOW- i I , Mode ! I : I i Xdata ----)- XDIAX 
IOR• -+-Jr------- Control Registers -t-··----i CS4~---trt1 j Logic XDEN• 
RES ! ! --- Chip -1\J . ! ! IOCS16• 
ALE : : -- Select :L/ i i ! ;-:D----->RTSA· 

TRI• ! 1 Test Chip Select Default -+---- .. ..J 1 . I ! 1 i~i :i/ ii DTRA* 
ICT* -r- , Logic Registers - Decodes ·f- ______ .... J l i ! I SOUTA. 

j ' --.. - -------·--t--------1-t_J I r --)- OUT2A 
!'

1 

1
1 Walt State i i I i : IRQA 

XDDIR -~Generator ·1-------+1-t-f-;> IOCHRDV 
i i ' i I I I ATS ... CDAK4 I : I i I I ! D. 

CTSA• i i . I j' _ ....._ DTRB'" 

DSRA
.. l-.. ---r------------·-·.. I --+-- 1"""7 SOUTB 

i i I I RLSDAS* ·------------------------··----------t··----1 ! OUT2B* 
RIA*---------------------- ' 10C452 Dual --+--J IAQB 
SINA , Uart & i INIT* 

SVSCLK ---------·- ----·--.. ------------ _____ ...) Parallel -t-- ---~AFD* 
ClSB• Extended , Piinter Port STB* 

Mode -:....+ i SUN• 
R~~~::------- ---------------------------+ +--, IRQP 

RIB* EAR* -------................. -----------+- : I IRQP 
SINB SLCT ,.... ·-- __ J L _____ )i- PD7:0 

BUSY 
PE 

ACK* IDE_IEN -

IDINT 

IOE Logic 

HCS1 ...... --> IDENH" 
IDENL* 

DC* ·--------------·--·-------- '---~--' ·-----)>IRQ1 

L.. ...... _____ , ____ -)r.1087 

OM-00512 

Figure 5-1. 82341 Combo Controller Functional Block Diagram 
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Serial Communications Ports Regi.sters 
Tahle 5-1 lists the registt·rs used by the serial communications ports. 

Table 5-1. Serial Communications Ports Registers 

Reg 0 DLAB = 0 0 DLAB::: 0 1 DLAB = 0 2 3 4 
Addr -·------------·--------

Receiver lransmil Interrupt 
Buffer Holding Interrupt (dent. Line Modem 
Register Register Enable Register Control Control 

Bit (read only) (write only) Register (read only) Register Register 
..., 

Data bit 7 I >ata bit 7 () 0 DLAB 0 J 

6 Data bit 6 Data hit h 0 (l Set 0 
break 

'i Data hit 5 l>;Ha b11 'i () (l Stick () 

parrty 

Data bit.+ l>ata b11 .+ () u Fvrn l,oop 

pant Y 

selt•ct 

' Data bit _, Data hit ' Modem n Pari!v ( >ut 
status enable two 

.. Data bit 2 Data hit 2 Receiver Interrupt No. of <Jut one L 

line stat us ID Int one stop 
bits 

D:lla h11 1 Data bit I T r;m .;;1111 ltt>r I ntt.·n u ql \V nrd Rt·qucst 
hold mg ID h1! 1l'ln h·n?th to send 
registn st•lect 

emptv hit one 

() Dilta bit 0 Data h11 () I< t'Ct'l \t'J /ero 1f \Vll1d I )ala 

da~a 111\nntpt !en;:!th it·1tn1na 
(!\"(II l;ihle pend mg :,,1•lt•t:l l readv 

hit zero 
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lable 5-1. Serial Communications Ports Registers (continued) 

Meg s 6 7 0 DLAB = 1 1 DLAB = 1 
Addr -------
Bit Line Status Modem Status Scral<h Divisor Latch Divisor Lorch 

Register Register Register (LS) (MS) 
-----

7 II I )ata carr1t·1 Bit 7 Bit 7 Btt l'i 
detect 

Transmiltt'r Ring Bit o Bit 6 Bit 14 
l'ITipty indirntm 

'i Transmitter Data set Bit~ Hit 'i Bit 13 
holding !t'iHIV 

rt"gister 

Break Clt"ar to Bit 4 Bit 4 Bit 12 
interrupt "it'lld 

har111ng lklta data Bit 1 Hit.~ B11 II 
t'rror can tt•r 

dl'lt'CI 

., 
l'artty error Trallrng B11 2 Btt 2 Bii IO -

edge ring • ind1rntor 

Overrun Delta t!au Bit I Bit l Bit 9 
error s~·t remlv 

() Data 1 ea(h l>t•lta dear Bit 0 B11 O Bit 8 
tn send 

----M--·-----------·- ----------------------
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Serial Communications Header 
The J2A (COM l) and .J2R (COJ\12) provide the serial communications chamwls for 
the DECpc 433 Workstation system Tahlt- 5-2 lists tlw pi1hH1ts for J::!A and .J2R 

Table 5-2. Serial Communications Connector Pinouts 
-~·--··-----··-.-- _____ ,,. __ _ 

J2A/J2B Pin No. Signal Function 

l (J2A) COM l DCD Data carrier detect 

2 (J2A) COMIRXD* Receive data 

J (J2A) C<>MlTXD Transmit data 

4 1J2A> COMlDTRI; Data tcnninal ready 

5 IJ2A) GND Ground 

6 (.J2A) C<>MIDSR Data set ready 

7 (J2A) COi\11 RTSA Rc411es1 h 1 send 

8 (.12:\) C< >M ICTS Clear to send 

Y (12A) C<>M lRING Ring 111dicator 

IO (.J2R) COM20CD Data carrier detect 

11 IJ2R> COM2RXD* Receive data 

12 02R) C'OM2TXO Transmit d:.ita 

13 U2R) COM2DTR* Data terminal ready 

14 (.128) <IND Ground 

15 (.J2B) C<>M20SK Data '-'l'l ready 

16 Ll2Hl C<>M2RTS* Request h 1 s1:nd 

17 U2Bl C< Jl\·12CTS Cll'ar to <..;t'lld 

lK ( 12Ri ('( >M2RIN(J Rm~ ind11.:a1nr 

19 GND Ground 

20 GND Ground 
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Parallel Printer Port 
The parallel printer port contains the functionality of a 16C452 printer port plus a 
softw::m· pwgrammahk extended mnde. This extended mrnle consists of a Direction 
Control Rit (DCR) and an Interrupt Status Rit (ISRl. Roth features arc disahled at 
pnwer-up and arc enahled hy clearing the El\H >DE~ bit contaitH:d 111 contrul regiskr 
1.tro. The parallel pnnter port is internally accc:--scd via chip sckct CSJ. 

Parallel Printer Port Registers 
The parallel printer port uses the follU\ving registers: 

• Regish.'r zero --- l inc printer port data 

• Rt·gistcr one - LPT port status 

• Register t\vo -- LPT pot1 control 

line Printer Port Data Register 

5-6 

This reg1..;.l\'r can he either unidircctiun;_il 1ff hidirt•ctional, depending nn the state of the 
extended mnde and data direction control bits. Each time EMODE* is deasserted, the 
line printer port data register returns tlw last data written to the LPT port; write 
operations immediately output data to the LPT port. Each time EMODE .... is asserted, 
read operations return either the data last written to the LPT data register (if direction 
bit is set to zero) or the data present tm the LPT port pins (if the direction hit is set to 
ont') Wrile operations latd1 data intn !he output register and drive the LPT port {if the 
d1recllnn hit is set to output). 

• 

• 

• 
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lPT Port Status 
fhis read-only register contains interrupt status and real-time status for the LPT 
nmnector pins (refer to Table 5- 3) 

Table 5-3. LPT Port Status Bit Assignments 

Bit 
.., 
I 

6 

4 

L 

0 

LPT Port Control 

Function 

BUSY* 
ACK* 

PE 

SLCT 

ERROR* 

iR<)* 

Reserved 

Reserved 

This read/write register controls the LPT direction and the printer control lines driven 
from the port. Write operations set or reset the hits listed in Table 5-4. Read 
operations return the status of the last write operation (except read only bit five). 

Table 5-4. LPT Port Control Bit Assignments 

Bit 

7 

4 

3 

0 

Function 

Reserved 

Reserved 

i..Jjk (Wflll'-<'lli)') 

IRQEN 

SLCTEN 

INIT* 

AUTOFDXT 

STROBE 
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ParalL:I Printer Port Header 
: !~acler J4B provides the parallel printer port channel for the DECpc 433 Workstation. 
Tahle 5-5 lisl<.; header J4B's pinouts. 

Table 5-5. Header J4B Pinouts 
-·---------- -~-

J15B Pin No. Signal Function 

STB-R Strohe 

2 PR DOR Printer data hit zero 
.., 

PRDlR Printer data bit one J 

4 PRD2R Printer data hit two 

5 PRD3R Printer data hit three 

6 PRD4R Printer data hit four 

7 PRD5R Printer data hit five 

8 PRD6R Printer daia hit six 

4 PRD7R Printer data hit seven 

iO ACK* Acknowledge 

11 RllSY Busy 

12 PE Paper end 

13 SLCT Select 

14 AFD-R Autn feed 

15 ERK* Error 

16 INIT-R l11it1alm: printer 

l "7 SLlt\i-R Select input 

l ~-~7 G!'iD Grou11J 

5-8 
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IDE Bus Interface Control 
llie peripheral combo controller provides the IDE hus control signals via signal 
IDE~EN, which corresponds to hit five of contrni register one (tiAH) The peripheral 
cnmho controller also duplicates disk register hit one !l/O 3F6H) to enahle IR() 1. 

Chip Selects 
The peripheral comho controller provides seven hard-wired default chip selects for the 
serial communications ports. parallel printer pon. fioppy disk, and hard disk. The chip 
st'lects are used after a reset until the battery-hacked programmable values are enabled 
via control register 6AH bit three (refer to Tahle 5-o). 

Table 5M6. Default Chip Select Addressing 

Select/Device 

CSI tCOMll 

CS3<LPTI) 

CS4' (floppy disk) 

cs-;• lharddiskJ 

CS61c 

Address 

JFXH:JFFH (hll three of 69H = i J 

2FxH 2FFH thit three of 69H = 01 

2F8H<~FFH (hit three nf 69H = I) 
3F8H:3FFH (hit three of 69H = 0) 

03BCH<BRFH (hit five, six of 69H = 0, 0) 
0378H:0.37RH (hit five. six of 69H == I, 0) 
0278H 027RH (bit five, six of 69H = 0, I) 

OJF4H O.W5H 

O I FOH :0 I F7H 

03F2H and 1ow~ acll\T 

OJF7H and J( >W* art in: 
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Keyboard/Mouse Controller 
The keyhoard controller ROM contains the program required to support the PS/2 
command set and 128 bytes of conversion code. Serial 1/0 is handled with 
receiver/transmitter hardware implementations that depend on an 8-hit timer for 
iime-nu: detection. 

User RAM support is also provided. This program writes a command 20-3FH (read) 
and 60-7FH (write) with the lower five bits representing the RAM address. Data from 
a read or write are accessed through port 60H DBB. 

Keyboard/Mouse Interface 
The key hoard/mouse interface consists of one register pair: ports 60H and 64H. Port 
60H read operations output the contents of the output buffer to 07:0 and clear the 
status of the output huffer full bit. Port 60H write operations cause the input buffer to 
change. Command write operations are written to port 64H. 

Keyboard/Mouse Port Interface Protocol 

5-10 

Data transmission to and from the keyboard and mouse consist of a synchronous bit 
stream over the data and clock lines (refer to Table 5-7). 

Table 5-7. Interface Protocol Bit Assignments 

Bit 

l l 

IO 

9 

8 J 

Function 

Stop bit (always one) 

Parity bit (odd) 

Data bit seven (I\lSR) 

Data hits 6.1 

Data hit zt'ro ILSR) 

Start bit (always 0) 

• 
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Keyboard/Mouse Registers 
Tables 5-8 and 5-9 list the hit assignments for the keyboard/mouse mode register and 
stat us register. 

Table 5-8. Mode Register 

Bit 

7 

5 

4 

.., ... 

Function 

Reserved {always ze.ro) 

Keycode conversion 
0 = no conversion 
l = conversion enabled 

Disable mouse 
0 :::: enabled 
I =disabled 

Disahk keyboard 
0 = enabkd 
I == disabled 

Reserved (always zero) 

System flag 
0 sets status register two to zero 
I sets status register two to one 

Enahle mouse intenupt 
0 =disabled 
l =enabled 

Enable keyhoard interrupt 
O = Jisa hied 
I = enahkd 

5-11 



82341 Penrheral Combo Controller 
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: able SD9. Status Register 

Bit Function 
------------------------------
7 

5 

4 

2 

!) 

Rcce1VL' parity errur 

0 =normal 
I = partly error 

Ueneral tune-out 
0 =normal 
1 = time-out ot:curred 

Output huff er source 
0 =keyboard 
1 = mouse 

Keyboard enable 
0: disabled 
l = enabled 

Cc)mmand/data 
0 = data ur 1dk 
I == command or active 

System flag 
0 = hot reset did not occur 
l = hot reset occurred 

Input huffer full 
0 =empty 
I =full 

Output buffer full 
O =empty 
I = fu 11 

• 
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Keyboard/Mouse Command Set 
Tahte 5-10 lists the command set supported hy the keyboard/1nouse controller. Each 
command is implemented hy writing the command byte to port 64H. Any subsequent 
data is read from or written to port 60H. 

Table 5-10. Keyboard/Mouse Command Set 

Command Description Command Description 

20 Read mode register FO to FF Pulse output port 
CP27:20) 

21 to 3F Read keyboard A4 Test password 
controller RAM 
(byte J l: 1) 

60 Write mode register AS Load password 

61 to 7f \A./rite keyboard A6 Enahle password 
controller RAM 

AA 
AB 

AC 

AD 

AE 

co 

DO 

Dl 

EO 

(hyte 31:1) 

Self test 

Khd interface test 

Diagnostic dump 

Disable keyhoard 

Enable keybnard 

Read input port 
<Pl? lffl 

Read output port 
(P27:20) 

Vv'rite output port 

Read test inputs 
O(T 1:0) 

A7 Disahle mouse 

AH Enable mouse 

A9 Mouse interface test 

Cl Poll-in port low 
(Pl3:10-> S7:4) 

C2 Poll-in port high 
CP17:14-> S7:4) 

Dl Write output port 

02 \Vrite keyboard 
output buffer 

D3 Write mouse output 
buffer 

D4 Write to mouse 

-----------···-·--·-· 
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AIC-6260 SCSI Controller 

Introduction 
The Adapter AIC-6260 onboard SCSI-2 controller manages the SCSI bus, including 
SCSI transfers and control signal decode/generation. SCSI-2 is functionally the same 
as SCSI~ 1'10wever, the interface speed is faster. The controller is primarily made up of 
SCSI status and transfer control registers data latch registers, and registers that provide 
the Intel486 microprocessor with direct access to and control ovrr the '>CSI hus, 
Figure 6-l shows a block diagram of the SCSI controller. 
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ISA 
Bus 

Off Chip 

~~ + 0 
; ~ I 7 I _r----1.-__ (;on_t_r°'_~I ! 
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Figure 6-1. SCSI Controller Functional Block Diagram 
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AIC-6260 SCSI Controller 

Interrupt Logic 
This logic provides interrupt masking. generation. and clearing for all inlerrnpts 
relating to SCSI activity. The logic includes interrnpt mask regislers, interrupt dear 
registers, and status registers. 

Select/Reselect Sequencer 
This hlock provides automatic SCSI select and reselect sequences to eliminate the 
need for Intel486 microprocessor intervention. 

FIFO 
Tlus FIFO (first-in-first-out) eight byte data buffer 1s used during nonnal mode data 
tran-;fers. Its only purpose is to hold data during synchronous data transfers. 

External Decode logic 
This lngic provides the mlt'rfan.· for IWl) general purpose l/( > ports. Tlus logic must be 
supported off-clup. 

ISA Bus Interface, Decode, and Control 
This logic provides the mterface to the ISA bus control signals It also gives the 
address decoding for access 10 internal registers 

ISA Bus FIFO 
This 128-hyte data huffer holds data that 1s passed hetween the ISA hus and SCSI 
FIFO iexrept during SCSI PIO transfers) 
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AIC-6260 SCSI Controller 

Conb oller Registers 
Ti11s section provides information on the SCSI controller's internal registers. 
Throughout this section, each register is described under its own heading and is 
identified hy name and address. 

There arc 32 registers normally decoded from 340H through 35EH. If ALTERNATE* 
is asserted, the registers are decoded from 140H. All registers are written to and read 
from the Intel486microprocessor1/0 address space. 

SCSI Sequence Control 

6-4 

This read/write register controls the selection/reselection process for the SCSI 
controller. Each hit enables a different portion of the selection/reselection process and 
can he read to allow bit manipulation instructions without saving a register in local 
scratch RAM. All bits (except hit zero) are cleared hy a SCSI reset. Refer to Table 
6- l for hit assignments 

Table 6-1. SCSI Sequence Control Register 

Bit Signal Mnemonic Signal Name 

7 TEMODEO Target enahle mode out 

6 ENSELO Enable selection out 

5 

4 

0 

ENSELi 

EN RESELi 

ENAUTOATNO 

ENAlJTOANTl 

ENAUTOATNP 

SCIRSTO 

Enable selection in 

Enable reselection in 

Enable auto attention out 

Enable auto anention in 

Enable auto attention parity 

SCSI reset out 
-------------------------------

• 

• 

• 



AIC-6260 SCSI Controller 

SCSI Transfer Control O 
This register enables transfers between the SCSI bus and the lntel486 microprocessor 
via the SCSI and ISA hus FIFOs. controls the selection of SCSI PIO as the transfer 
mode. and clears the SCSI FIFO and SCSI transfer counter. Refer to Tahle 6-2 for hit 
assignments. 

Table 6·2. SCSI Transfer Control O Register 

Bit 

7 

6 

5 

4 

3 
') 

0 

Signal Mnemonic 
.-~---------'·......--r..---

SC SIEN 

DMAEN 

CHl/CH2 

CLRSTCNT 

SPIOEN 

RSVD 

CLRCHl 

RSVD 

Signal Name 

Transfer enable 

FIFO transfer enable 

Channel select 

Clear SCSI transfer counter 

SCSI PIO enable 

Reserved 

Clear channel one 

Reserved 
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SCSI ransfer Control 1 
This register enables various transfer controls associated with SCSI transfers. This 
register also controls the selection/reselection timer, byte alignment, and parity 
cht.>rking. Refer to Table o-3 for bit assignments. 

Table 6-3. SCSI Transfer Control 1 Register 

Bit Signal Mnemonic Signal Name 

7 BITBUCKET SCSI bit bucket mode 

6 

5 

4 3 

0 

SW RAP EN 

ENSPCHK 

STIMESEL 

BYTEALIGN 

RSVD 

SCSI wrap enable 

Enable parity check 

Set selection timeout 

Bytl' align 

Reserved 
-----------------------------

SCSI Signal In 

6-6 

This register reflects the current state of the SCSI control lines on the SCSI hus. Refer 
to Tahle 6-4 for hit assignments 

Table 6-4. SCSI Signal In Register 

Bit Signal Mnemonic Signal Name 

7 CDI Command/data in 

() IOI Input/output in 

5 MSGI f\.1essage in 

4 ATNI Attention m 

3 SELi Selection in 

2 BSYI Busy in 

REQI Reque..;l in 

0 ACKI Acbowlt'<lge in 
- --·-·-·---

• 

• 

• 
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SCSi Signal Out 
This register controls the actual or expected state of the SCSI control lines, depending 
on whether the SCSI controller is in target or initiator mode. All bits are cleared by 
bus free reset or hard reset conditions. Refer to Table 6-5 for hit assignments. 

Table 6-5. SCSI Signal Out Register 

Bit Signal Mnemonic 

7 coo 
(1 100 

5 MSGO 

4 

3 

2 

0 

ATNO 

SELO 

RSYO 

REUC> 

ACKO 

SCSI Rate Control 

Signal Name 

Command/data out 

Input/output out 

Message out 

Attention out 

Selection out 

Busy 0ut 

Requl ·"' out 

Acknowledge out 

This rate control register controls the timing and offset parameters for ~:ynchronous 
SCSI transfers. Refer to Tahle 6-6 for bit assignments. 

Table 6-6. SCSI Rate Control Register 

Bit Signal Mnemonic 
----

7 RSVD 

6:4 SXFR 

3:0 SOFS 

Signal Name 

Reserved 

Sy11rhrono11s transfer rate 

SCSI offset 
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Seleci:on/Reselection ID 
L •• ch lime the SCSI controller is selected or reselected, the SCSI ID hits of the target 
and the initiator are set in this register. Refer to Ta hie 6-7 for bit assignments. 

Table 6-7. SCSI Selection/Reselection ID Register 

Bit Signal Mnemonic Signal Name 

7 SELID7 Select ID seven 

6 SELID6 Select ID six 

5 SELIDS Select ID five 

4 SELID4 Select ID four 

3 SEU03 Select ID three 

2 SELID2 Select ID two 

SELIDl Select ID one 

() SEU DO Select ID zero 

SCSI ID 

6-8 

This register contains the SCSI IDs of the SCSI controller and the other target or 
initiator involved in the SCSI operation. Refer to Tahlc 6-8 for bit assignment<>. 

Table 6-8. SCSI ID Register 

Bit Signal Mnemonic Signal Name 

7 RSVD Reserved 

64 OJD Own ID 

.~ RSVD Reserved 

2:0 TIO Other ID 

• 

• 
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SCSi latched Data 
This register is the data latch used for manual or SCSI PIO data transfers. Outbound 
data is written to this register; inbound data is read from it. Refer to Table 6-9 for bit 
assignments. 

Table 6-9. SCSI Latched Data Register 

Bit 

7 

6 

5 

4 

3 

u 

Signal Mnemonic 

DB7 

DB6 

DBS 

DB4 

DB3 

DB2 

DBI 

DRO 

SCSI Data Bus 

Signal Name 

Data bit seven 

Data bit six 

Data bit five 

Data bit four 

Data bit three 

Data bit two 

Data hit one 

Data hit zero 

This register reflects the current state of the SCSI data hus lines. It is used during 
manual selection or reselection. Refer to Table 6- l 0 for bit assignments. 

Table 6-10. SCSI Data Bus Register 

Bit Signal Mnemonic Signal Name 
"7 SDR7 (MSR) SCSI data hit seven I 

6 SDR6 SCSI data hit six 

5 SOBS SCSI data bit five 

4 SDB4 SCSI data bit four 

3 SDB3 SCSI data bit three 
') SDB2 SCSI data bit two ... 

SDBl SCSI data hit one 

0 SDBO (LSR) SCSI data hit zero 
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SCSI l;ansfer Count 2:0 
T!;c transfer count register consists of three 8-hit registers: SCSI transfer count 2:0. 
These registers contain the data transfer count for the current SCSI operation. The 
LSR is loaded at 348H; the MSB is loaded at 34AH. Refer to Tahle 6-11 for bit 
ass1g11ments 

Table 6-11. SCSI Transfer Count 2:0 Register 

Bit Signal Mnemonic Signal Name 

23.16 STCNT2 Most significant byte (34AH) 

15:8 STCNTl Middle byte (349H) 

70 STCNTO Least significant byte (348H) 

SCSI Status 0 

610 

Thi:- rq.!i"1cr retle('ts the state of eight SCSI status hits. Refer to Table 6-12 for bit 
assignments. 

Table 6-12. SCSI Status 0 Register 

Bit Signal Mnemonic 
.., 

TARGET I 

6 SELDO 

5 SELOI 
A SELING<> '+ 

1 SW RAP 
.., 

SDONE ~ 

SPIORDY 

0 DMADONE 

Signal Name 

Target 

Select out done 

Select in dom: 

Selecti<'n initiated out 

Transfer counter wrap 

SCSI done 

SCSI PIO ready 

OMA done 

• 

• 
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Clear SCSI Interrupts O 
I his register (except hit seven) clears the interrupts associated with the status hits in 
the SCSI status 0 register. Setting these hits clears the corresponding interrupt and 
deasserls IRQ. Refer to Table 6-13 for bit assignments. 

Table 6-13. Clear SCSI Interrupt 0 Bit Assignments 

Bi~ Signal Mnemonic Signal Name 

7 SETS DONE Set SCSI transfer done 

6 CLRSELDO Clear select out done 

5 CLRSELDI Clear select in done 

4 CLRSEUNGO Clear select initiated out 

3 CLRSWRAP Clear transfer counter wrap 

2 CLRSDONE Clear SCSI done 

CLRSPIORDY Clear SCSI PIO ready 

0 CLRDMADONE Clear OMA done 
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SCSI Status 1 

6-12 

'1 :1is register reflects the state of eight SCSI status bits. If the intem1pts corresponding 

to these hit'i arc enabled. intemipts are generated each time the status bits are set. 
Refer to Table 6-14 for bit assignments. 

Table 6-14. SCSI Status 1 Register 

Bit Signal Mnemonic 

7 SELTO 

6 ATNTARG 

5 SCSIRSTJ 

4 PH A SEMIS 

3 BUSFREE 
') SCSI PERR .... 

PHASEC'HG 

0 REQINIT 

Signal Name 

Selection timeout expired 

Target attention 

SCSI reset in 

Phase mismatch 

Bus free 

Parity error 

Phase change 

REQ initiated 

• 

• 
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Clear SCSI Interrupts 1 
This clears the interrupts associated with the status bits in the SCSI status 1 register. 
Setting any of these hits (except bit six.) clears the corresponding interrupt and 
deasserl<; IRQ. Ref er to Table 6-1 S for bit assignments. 

Table 6-15. Clear SCSI Interrupts 1 Register 

Bit Signal Mnemonic Signal Name 

7 CLRSELTIMO Clear selection timeout 

6 CLRANTO Clear attention out 

5 CLRSCSlRSTI Clear SCSI reset in 

4 RSVD Reserved 

3 CLRBUSFREE Clear bus free 
.., 

CLRSCSIPERR Clear parity error .. 
CLRPHASECHG Clear phase change 

() CLRREQINIT Clear REQ initiated 

SCSI Status 2 
This register reflects the status of the SCSI FIFO. Refer to Table 6-16 for bit 
assignments. 

Table 6-16. SCSI Status 2 Register 

Bit Signal Mnemonic 

76 RSVD 

5 SOFFSET 

4 SEMPTY 

3 SFULL 

2:0 SFCNT 

Signal Name 

Reserved 

SCSI offset 

SCSI FIFO empty 

SCSI FIFO full 

SCSi FlFO count 
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SCSI Status 3 
This register contains status information on the state of the current synchronous SCSI 
transfer. Refer to Table 6-17 for bit assignments. 

Do not read this register until all transfers are complete. 

Table 6-17. SCSI Status 3 Register 

Bit 

7:4 

3:0 

Signal Mnemonic 

SCSICNT 

OFFCNT 

SCSI Status 4 

Signal Name 

Count difference 

Off set count 

This register contains status infonnation on error conditions for the current SCSI 
transfer. Refer to Table 6-18 for bit assignments. 

Table 6-18. SCSI Status 4 Register 

Bit Signal Mnemonic 
7· 1 ' ..... RS"'VD 

2 SYNCERR 

1 FWERR 

0 FR ERR 

Signal Name 

Reserv~d 

Synchronous transfer error 

FffO write error 

FIFO read error 

• 

• 
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Clear SCSI Errors 
lhis register dl.'a!"s the error condition status bits in the SCSI status 4 register. Refer 
to Tahle 6-19 for hit assignments. 

Table 6-19. Clear SCSI Errors Register 

Bit Signal Mnemonic Signal Name 

7: 3 RSVD Reserved 

2 

l 

0 

CLRSYNCERR 

CLRFWERR 

CLRFRERR 

SCSI Interrupt Mode 0 

Clear synchronous transfer error 

Clear FIFO write error 

Clear FIFO read ermr 

This register enables the intermpts associated with the status bits 111 the SCSI status 0 
register Refer to Table 6-20 for hit assignments 

Table 6-20. SCSI Interrupt Mode 0 Register 

Bit Signal Mnemonic Signal Name 

7 RSVD Reserved 

6 ENSEL DO Enahlc selection done out interrupt 

5 LNSELDI Enahle selection done in interrupt 

4 ENS EU NGO Enable initiate selection rntt:rrupt 

3 ENSWRAP Enable wrap mtenupt 
,., ENS DONE Enahle SCSI done interrupt .. 

ENSPIORDY Enahk SCSI PIO read:. mtem1pt 

() ENDMADONE Enable OMA done intc>rrupt " 
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SCSI Interrupt Mode 1 
i nis register enables the interrupts associated with the status bit; in the SCSI status 1 
register. Refer to Table 6-21 for bit assignments. 

Table 6-21. SCSI Interrupt Mode 1 Register 

Bit Signal Mnemonic Signal Name 

7 ENSELTIMO Enable selection timeout interrupt 

6 ENATNTARG Enable target attention interrupt 

5 ENSCSIRST Enable SCSI reset interrupt 

4 ENPHASEMIS Enable phase mismatch interrupt 

3 ENBUSFREE Enable bus free interrupt 

2 ENSCSIPERR Enable SCSI parity error interrupt 

ENPHASECHG Enable phase change intem1pt 

0 ENREQINIT Enahle REQ initiated interrupt 

OMA Control 0 

6-16 

This register contains the basic controls for PIO and OMA transfer modes. Ref er to 
Table 6-22 for bit assignment". 

Table 6-22. OMA Control 0 Register 

Bit Signal Mnemonic Signal Name 

7 END MA Enable DMA 

6 8BIT/ l 6BIT* 8-hit/ l 6-hit * mode 

5 DMA/PIO* OMA/PIO* mode 

4 RSVD Reserved 

3 WRITE/READ* Transfer direction 

2 INTEN Master interrupt enable 

l RSTFIFO Ri.:-set FIFO counter 

0 SWINT Software interrupt 

• 

• 
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OMA control 1 
This register is used to set the power-down feature and write to the stack offset 
pointer. Refer to Table 6-23 for bit assignments. 

Table 6-23. OMA Control 1 Register 

Bit Signal Mnemonic Signal Name 

7 PWRDWN Power down 

6:4 RSVD Reserved 

3:0 STK Stack offset pointer 

OMA Status 
TI1is register reflects the real-time status (Jf the current DMA or PIO transfer. Refer to 
Table 6-24 for bit assignments. 

Table 6-24. OMA Status Register 

Bit Signal Mnemonic Signal Name 

7 ATDONE lntei486 microprocessor done 

6 WORD ROY Word ready 

5 INTSTAT Interrupt status 

4 DFIFOFULL Intel486 microprocessor FIFO full 

3 DFIFOEMP ln1el486 microprocessor empty 

2:0 RSVD Reserved 
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FIFO Status 
1 his register provides a count of the current number of bytes in the Intel486 
microprocessor FIFO. Refer to Table 6-25 for hit assignments. 

Table 6-25. FIFO Status Register 

Bit Signal Mnemonic Signal Name 

7 FCNT7 (MSB) FIFO count sewn 

6 FCNT6 FIFO count six 

5 FCNTS FIFO count five 

4 FCNT4 FIFO count four 

3 FCNT3 FIFO count three 

2 FCNT2 FlfO cnunt two 

FCNTl FIF< > mun I one 

0 FCNTO (LSRl FIFO count zero 

Data Port High/Low 

6-18 

Data transfers between the SCSI controller and the Intt."1486 microprocessor take place 
th1-1ugh the data port high/iov .. register in both DMA and PIO mode Refer to Table 
<1-26 for bit assignments. 

Table 6-26. Data Port High/low Register 

Bit 

15 8 

7 (} 

Signal Mnemonic 

DATAH 

OATAL 

Signal Name 

High-order data byte 

Low-order data hyte 

• 

• 

• 



AIC-6260 SCSI Controller 

Burst Control 
!his register controls the burst on and burst off times for OMA transfers. Refer to 
Tahle 6-27 for hit assignments. 

Table 6-27. Burst Control 

Bit 

7:4 

3:0 

Stack (35DH) 

Signal Mnemonic 

BON 

BOFF 

Signal Name 

Burst on 

Burst off 

This 16-hytc stack register is used for general purpose memory. It is addressed by 
writing to the lower four bits of the DMA control l register. 
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7 
82077 AA Floppy Disk Controller 

Introduction 
The DECpc 433 Workstation system board contains an integrated 82077 AA Floppy 
Disk Controller (FDC) operating in AT mode. The FDC contains all the logic required 
for floppy disk control and provides the connection b" 1ween the onboard ISA bus and 
the floppy disk drive connector. Figure 7-1 shows a block diagram of the FDC. 

Functional Description 
The FDC consists of the following functional units: 

• FIFO 

• lnterf ace logic 

• Serial interface logic 

• Drive mterf ace nmtroller 

• General registers 
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Figure 7·1. Floppy Disk Controller Block Diagram 
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82077 AA Floppy Disk Controller 

This 16-byte FIFO (first-in-first-out) is the gateway to the FDC. All command data 
and disk data goes through the FIFO. In addition. the FIFO has programmahle 
threshold values. 

Interface logic 
The interface logic receives the asynchronous CPU signals TC. DACK*, RD*, WR*, 
CS*, and A2:0. Outputs TC and INT cause the current disk transfer to terminate or 
cause an interrupt. 

Serial Interface Logic 
The serial interface logic controls data flow hctwel•n the internal hus and the floppy 
disk drive During read operations. serial data (RDDATA) is received from the floppy 
disk drive. During \vrite operations, serial data (WRDA TA) and write enable (WE) 
are output to the tloppy disk drive. 

Drive Interface Controller 
The drive interfare controller outputs the various control signals for the floppy disk 
drive Jt also receives index (}DX). track 0 (TRKO), and write protect (WP) signals 
from the floppy disk drive. Input signal DRV2 indicates the presence of a second disk 
drive. 
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82077 Al\ Floppy Disk Controller 

Genea al Registers 

7-4 

.--lix general registers control FDC operations. They are accessed between addresses 
3HlH and 3F7H. Tahle 7-1 lists the FDC register 1/0 addresses, specifies the 1/0 
furn:t1nn required to access tht' registers, and hrielly dt>scrihe~ the registers. The 
following registers control FDC operations in AT mode: 

• Digital output register (DOR) 

• Tape drive n:·gister (TDR> 

• Main status register (MSR) 

• Oata rate select register (DSR) 

• Data register (FIFO) 

• Digital input/configuration control register (DIR/CCR) 

Table 7-1. FDC Register Address Map 

Address 1/0 Function Register Description 

3FOH Reserved 

3FlH 

3F2H Read/write 

3FJH Read/write 

3F4H Read 

3F4H Write 

3F)H Read/write 

3F6H 

3F7H Read 

3F7H Write 

DOR 

TSR 
MSR 

DSR 

FIFO 

DIR 

CCR 

Reserved 

Digital output register 

Tape drive register 

Main Status register 

Data rate select register 

Data regi"iter 

Reserved 

Digital input register 

Configuration control register 

• 



82077 AA Floppy Disk Controller 

Digit;~ I Output Register 
Thi'> read/write register contains the motor enable hits, a OMA gate bit, a reset bit, and 
dri\ e selection bits. Ref er to Table 7-2 for bit assignments. 

Table 7-2. Digital Output Register (DOR) Bit Assignments 

Bit Signal Mnemonic Function 

7:4 MOT EN3:0 Motor enable 3:0 

3 DMAGATE* OMA gate 
") RESET* Reset ,.. 

l :0 DRIVE SELl:O Drive select 1:0 

Tape Drive Register 
This read/write register selects one of three pnssihle tape drives (tape drive l. 2, or 3). 
Refer to Table 7-3 for hit assignments. 

Table 7-3. Tape Drive Register (TOR) Bit Assignments 

Bit Signal Mnemonic Function 

7: 2 Reserved 

l :0 Tape SELi :0 Tape drive select 1 0 
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82077 AA Floppy Disk Controller 

Main Status Register 
This read only register controls the data input and output modes. It also passes ready 
information to the Intel486 microprocessor. Refer to Table 7-4 for hit assignments. 

Table 7·4. Main Status Register (MSR) Bit Assignments 

Bit Signal Mnemonic Function 

7 RQM Request for master 

6 DIO Data in/out 

5 NONDMA Non DMA 

4 CMDBUSY Command busy 

3 DRV 3 BUSY Drive 3 busy 

2 DRV 2 BUSY Drive 2 busy 

DRV l BUSY Drive I busy 

0 DRV 0 BUSY Drive 0 busy 

Data Rate Select Register 

76 

This write only register specifies the data transfer rate and precompensation delay for 
data tran....:;fers between the controller and the floppy disk drive. It also contains power 
down and software reset information. Refer to Table 7-5 for bit assignments. 

Table 7·5. Data Select Rate (DSR) Register Bit Assignments 

Bit Signal Mnemonic Function 

7 S/W RESET Software reset 

6 POWER DOWN 

5 Reserved 

4:2 

1:0 

PRECOMP2:0 

ORATE SEL 1:0 

Power down 

Precompcnsation selection 

Data rate selection 

• 

• 
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82077 AA Floppy Disk Controller 

Data Register 
This read/write register is also the FIFO. All data and command infonnation passes 
through the data register. 

Digital Input Register 
This read only register senses the state of the DSKCHG at hit 7. All other hits are 
tristated. 

Configuration Control Register 
This write only register sets the data rate. Refer to Table 7-6 for bit assignments. 

Table 7-6. Config Control Register (CCR) Bit Assignments 

Bit Signal Mnemonic Function 

7: 2 Reserved 

1:0 DRATE SEL I 0 Data rate st•lectinn t ·o 
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8 
Ethernet LAN Subsystem 

Introduction 
The DECpc 433 Ethernet Workstation system board contains an integrakd Ethernet 
LAN subsystem that handles either Thin Wire or Twisted Pair Ethernet LAN 
transmissions_ A pushbutton switch selects the rahle type and routes signals to the 
appropriate hardware. Figure 8-1 shows a h!(Kk diagram of the Ethernet LAN 
subsy-.tem. 

Functional Description 
The Ethernet LAN subsystem ron~ists of the inlk;wing functional units: 

• ThinWire interface 

• Twisted pai; interface 

• LANCE controller 

• ISA bus inter' .~ce 

• Network buffer RAM 

• LAN addres<. MUX 

• DLL ROM 

• Ethernet address ROM 

• Data buffer 
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Ethernet LAN Subsystem 

ThinWire Interface 
The Thin Wire interface receives and transmits LAN information transmitted via coax 
cable. It also protects against "jabher" by disabling data transmission when data 
packet transmission time exceeds LAN specifications. Connectiuns to the LAN 
interface is via a BNC connector. 

Twisted Pair Interface 
The twisted pair interface receives and transmits LAN information transmitted via 
twisted pair wire. It also protects against "jabber" by disabling data transmission when 
data packet transmission time exceeds LAN specification. Connections to the LAN 
interface is through a MJ8 connector. 

LANCE Controller 
The LANCE (Local Area Network Controller for Ethernet) manages data packet 
transfers hetween either the Thin Wire interface or twisted pan interface and the ISA 
bus mterfoce lb pnrnary task is to convert the received serial data packets into a 
parallel 16-hit word and vice versa. The LANCE receives enable and control signals 
from the ISA bus interface. 

ISA Bus Interface 
The ISA bus interface provides the interface between the LANCE and the ISA hus. 
Interface \Vith the LANCE is in word fonnat ( 16-bit) Interface with the ISA hus is in 
byte forrnat (8-hit). The ISA bus mterface also performs bus arbitration for three 
buses: LANCE, ISA, and network buffer RAM refresh. Without hus arbitration, 
RAM refresh c;cles could he missed because the LANCE or Intel486 microprocessor 
would always have bus control. 

Network Buffer RAM 
The 64 KB network huffer RAM prov1des data buffering for hoth receive and transrrnt 
transfers. It can be addressed by either 16-bit words or 8-bit bytes. LANCE does 
word addressing and the CPU doe~ hyte addressing The memory control signals, 
CAS*, RAS*, WE*, and OE*. come from the ISA hus interface. 

LAN Address MUX 
TI1e LAN address MlJX multiplexes ISA bus addresses into the ISA hus interface 
\.Vhere the addresses are decoded. 
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Ethernet LAN Subsystem 

DLL ROM 
The 16 KB Data Link Layer (DLL> ROM contains remote boot software for the LAN 
subsystem. 

E-Net Address PROM 
The E-Net (Ethernet) address PROM contains address information for the LAN node. 
lt is accessed by a single 1/0 address and an address counter. The address counter 
sequences through the 32 PROM addresses. 

Data Buffer 
The data buffer provides data buffering between the IS A hus and the LAN data bus. 

1/0 Registers 

8-4 

Five l/O registers control Ethernet LAN subsystem operation. Table 8-1 lists the 
Ethernet LAN subsystem 1/0 register addresses, specifies the 1/0 function to access 
the registers, and briefly describes the registers. The following registers control 
Ethernet LAN subsystem operations: 

• System board configuration port 

• Network interface control and status 

• Ethernet address PROM 

• LANCE controlier data port 

• LANCE controller address port 

• 

• 
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Ethernet LAN Subsystem 

Table 8-1. Ethernet LAN Subsystem Address Map 

Addr 1/0 Register Access Description 

800H R/W CFG_PORTA Byte/Word System board 
configuration port 
register 

804H R/W CFG_PORTB Byte/Word System board 
configuration port 
register 

200H R/W NI CSR Byte/Word Network interface control 
and status register 

20CH R ADP Byte E-Nel Address PROM 
(upper hyte) 

20DH R ADP Byte E-Nct Address PROM 
(lower hyte) 

204H R/W RDP Word LANCE controller data 
port 

206H R/W RAP Word LANCE controller 
address port 
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Etherr.et LAN Subsystem 

System Board Configuration Port Registers 
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fhese read/write registers configure the Ethernet LAN suhsystem. Refer to Tables 8-2 
and 8-3 for hit assignments. 

Table 8-2. CFG_PORTA Register Bit Assignments 

Bit Signal Mnemonic Function Definition 

7:4 Reserved 

3 LANRST* LAN reset 0 =reset 

2 L32KMD LAN 32 KB mode l = 32 KB mode, 
0 = 64 KB mode 

L30STO LAN timeout 1 == 30 seconds, 
0 = 2.5 minutes 

u LNRO<>T LAN hoot l = enahled 

Table 8·3. CFG_PORTB Register Bit Assignments 

Bit 

7: l 

() 

Signal Mnemonic 

Reserved 

THIN WIRE 

Function Definition 

LAN l/F type l = Thinwire 

• 

• 
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Ethernet LAN Subsystem 

Network Interface Control and Status Register (NICSR) Bit 
As~ignments 

This read/write register sets Ethernet LAN subsystem operating parameters. Ref er to 
Tahle 8-4 for hit assignments. 

Table 8-4. NICSR Bit Assignments 

Bit Signal Mnemonic Function 

8 RBT Remote boot 
timeout 

7 SHE Shadow enable 

6 SWAP32 Swap 32 KB 

5 RUF Network buffer 
RAM size 

4 RRE Remote boot 
enable 

J Reserved 
,., 

IM interrupt mask .,;.. 

IEN Interrupt line 
tristate enable 

0 Reserved 
-----

Definition 

I = 30 seconds. 
0 = 2.5 minutes 

l =enable 

l =enable 

1=16KB, 
O = 48 KR 

l =enable 

I= LANCE 
interrupt inactive 

I =enable, 
0 = tristate 

LANCE Controller Data Port (ADP) Register Bit Assignments 
This read/write register is an 8-h1t data register It holds data going to or comming 
fwm a contwl and status register. The control and status register is specified hy the 

LANCE controller address port register. 
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LANCE Controller Address Port (RAP) Register Bit Assignments 
This read/write register selects the control and status register to write data into or read 
data from. Refer to Table 8-5 for hit assignment. 

Table 8-5. RAP Register Bit Assignments 

Bit Signal Mnemonic Function 

15: 2 Reserved 

l :0 CSR3:0 Control and status register 

Memory Addresses 

8-8 

Ethernet LAN software does not use all the available network buffer RAM space. In 
64 KB mode, the Ethernet LAN software uses 48 KB In 32 KB mode, the Ethernet 
LAN software uses 16 KB. Refer to Table 8-6 for memory address assignments for 
the network buffer RAM and the DLL ROM. 

Table 8-6. Memory Addresses 

Address 
Address 1/0 Function Mnemonic Description 

OFFFFH to Read/write RUF Network huff er RAM 
OOOOOH in 64 KR mode 

DBFFFH to Read/write BUF Nt•twork buffer RAM 
D8000H in 32 KB mode 

DFFFFH to Read ROM DLLROM 
DCOOOH 

• 

• 
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9 
Token Ring LAN Subsystem 

Introduction 
The DECpc Token Ring Workstation system hoard provides an integrated Token Ring 
LAN subsystem conforming to IEEE Std. 802.5. The Token Ring network connection 
is made via either a Shielded Twisted Pair (STP) or Unshielded Twisted Pair (UTP) 
network connector, selected via a STP/UTP pushbutton. Token Ring network speed, 
either 4 Mhps or 16 Mbps, can also be selected via the setup program. 

Access to the Token Ring LAN suhsystem oi.:curs in one of two ways. During 1/0 
operation, the Token Ring LAN subsystem rccei. 0 s and executes various network 
function commands issued hy the lntei486 microprocb<.;or. During ISA hus master 
operation. the Token Ring LAN suhsystem transfors hdwork data to and from the 
system's main memory using master mode OMA transfer. 

Functional Description 
The Token Ring LAN subsystem can llt' divided into two ma.1or sections (see Figure 
9-1 ): 

• ISA bus interface 

• Token ring interface 

Th ·remainder of this chapter descrihcs these sections and their associated 1/0 
registers. 
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Figure 9-1. Token Ring Subsystem Block Diagram 
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Token Ring LAN Subsystem 

ISA Bus Interface 
The ISA bus interface consisL'> of the following functional units: 

• Master address drivers 

9 Address decode 

• Boot PROM 

• Configuration registers 

• Control decode 

• Data buffers 

Master Address Drivers 
The master address drivers provide address buffering hetween the Token Ring 
interface and the ISA bus. The drivers are only active while the Token Ring proces'>nr 
is in control of the ISA hus. 

Address Decoders 
The address decoders provide address detection. l11e address decode logic decodes 
ISA bus address information necessary to access the Token Ring interface 

Boot PROM 
The hoot PROM contains firmware used to remote hont a diskless DECpc 433 
Work.<>tation. 

Configuration Registers 
The configuration registers contain current configuration infom1ation in two 8-hil 
registep;;: CONBUFl and CONBUF2 

Control Decode 
The control decode logic decodes control and status signals from the ISA hus and the 
Token Ring processor so all ISA bus daia transfers are correctly performed. 

Data Buffers 
The data buffers provide data buffering between the ISA hu~ and the Token Ring 
interface. 
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Token Ring Interface 
The Token Ring interface consists of the following functional units: 

• Token Ring processor 

• Token Ring DRAM 

• Token Ring node ID 

• Ring interface 

• STP/UTP pushbutton switch 

• Type 3 media filter 

Token Ring Processor 
The Token Ring processor executes the protocol stored in a 128 KB downloadable 
dynamic RAM. With the appropriate software downloaded, the Token Ring network 
standard (as specified in IEEE Std. 802.5) is implemented. 

Token Ring DRAM 
The Token Ring DRAM provides 128 KB of memory storage for the protocol software 
and data transfer buffers. 

Token Ring Node ID 
The Token Ring node ID is a hipolar PROM that contains a six-hyte ring node address 
unique to each DECpc 433 Token Ring Workstation. The first six PROM locations 
contain the node ID, followed by a two-byte checksum. The remaining locations 
contain a test pattern used during manufacturing. 

Token Ring Interface 
Anaiog logic and passive components which make up !he system hoard's electrical 
interface to the Token Ring network. 

STP/UTP Pushbutton Switch 

9-4 

The STP/UTP pushbutton switch selects between the STP and UTP connectors. (STP 
and UTP are also called Type land Type 3 connectors. respectively_) 
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Token Ring LAN Subsystem 

Type 3 Media Filter 
EMI and noise-suppression circuitry necessary to ensure operation of the Token Ring 
interface over an Unshielded Twisted Pair cable. 

1/0 Registers 
Table 9-1 lists the Token Ring LAN subsystem l/0 register addresses and specifies the 
1/0 function required to access these registers. The following 1/0 registers control the 
Token Ring subsystem operations. 

• CONBUFI 

• CONBUF2 

• Token Ring chipset 1/0 registers 

Table 9-1. Token Ring LAN Subsystem Address Map 

Address 1/0 Register Description 

OA20 R/W SIFDAT/SlFDAT low Mirror image in Token Ring 
register processor( 1) 

OA21 R/W SIFDAT/SIFADR high Mirror image in Token Ring 
register processor( l) 

OA22 R CONBUFl RPL starting address and 
interrupt level configuration ( I) 

OA23 R/W CONBUF2 RPL page select, DMA level, 
and speed configuration( 1) 

(1) IBM"" compaltble 1/0 ports 

9-5 



Token Ring LAN Subsystem • Table 9~ 1. Token Ring Subsystem Address Map (continued) 

Master 
Address 1/0 Mode OMA Description 

OAJO R/W SIFDAT LSR Address register 

OA:H R/W SIFDAT MSR Address register 

OA32 R/W SI FDA T/INC LSB Data register 

OA33 R/W SIFDAT/INC MSB Data register 

OA34 SIFADR LSB Address register (same as AJA) 

OA35 SIFADR MSB Address register (same as A3B) 

OA36 R/W SIFSTS Command and status 
information 

OA37 R/W SIFCMD Command and status 
information 

OA38 R/W SlFACTL LSR Control register 

OAJ9 R/W SIFACTL MSR Control register 

OA3A SIFADR LSB Address register (same as A34) • OA3B SIFADR MSB Address register (same as A35) 

OA3C R/W SIFADX LSB Extended address register 

OA3D R/W SIFAOX MSR Extended address register 

OA3E R DMALEN LSB DMA length 

OA3F R DMALEN MSR DMA length 
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CO"~BUF1 Bit Assignments 
This read only register indicates the starting address of the RPL PROM. It is 
hardwired for address DEOOO and interrupt level 2 (9) (refer to Table 9-2). 

Table 9~2. CONBUF1 Bit Assignments 

Signal 
Bit Mnemonic Function Definition 

-
7 RPL Al8 RPL address Hardwired high 

6 RPL Al? RPL address (1) 

s RPL Al6 RPL address (l) 

4 RPL Al5 RPL address (I) 

J RPL Al4 RPL address ( I ) 
'I RPL Al3 RPL address (l) "-

INTOl Interrupt level Hardwired low 

l) INTOO Inlt.'rrupt level Hardwirt•d low 

( 1) APL A 18 13 point to an 6 KB pa(le in main memory where the RPI f PROM 1s located 
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CONaUF2 1/0 Register Bit Assignments 
This read/write register indicates the status of these functions: RPL enable, OMA 
access level. Token Ring speed. and page select (refer to Tahle 9-3). 

Table 9-3. CONBUF2 Bit Assignments 

Signal 
Bit Mnemonic Function Definition 

7 RP LEN RPL enable 1 = RPLEPROM 
enahle(2) 

6 RPL03 (l) 

5 DMAOl OMA access Hardwired low - DMA 
level 5 

4 DMAOO DMA access Hardwired low - DMA 
level 5 

J 16/4 Speed select I = 16 Mhps(2) 
0 == 4 Mhps 

2 RPL02 Page select (l) 

RPLOl Page select (l) 

0 RP LOO Page select (I) 

( 1 l RPL3 0 ctioose one of eight 8 KB pages from the APL EPAOM and enables 11 into main 
memory at DEOOO 

(2) See CFG_PORT A register at port 800 for configuring information 

SIFDAT LSB/MSB 
Each of these two 8-hit registers contain a 16-hit data word. 

SIFDAT/INC LSB/MSB (Master Mode Only) 
Each of these two 8-bit registers contain a 16-bit data word. 

SIFADR LSB/MSB 

1/0 

R 

Rf W 

R 

R 

R 

R/W 

R/W 

R/W 

These two 8-bit address pointer registers contain the 16 LSBs of a 21-hit address. The 
remaining five MSBs of the 21-bit address are written to SIFADX. 
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SIFADX LSB/MSB 
These two 8-hit address pointer registers contain the five MSBs of a 21-bit address. 
The remaining 16 LSBs of the 21-hit address are written to SIFADR. 

SIFSTS (Master Mode Only) 
This 8-bit register contains command and status information and is used in conjunction 
with SIFCMD to provide a 16-bit data word (re.fer to Table 9-4). 

Table 9-4. SIFSTS Bit Assignments 

Bit Signal Mnemonic Definition 

7 SYSTEM_INTERRUPT 

6:0 Reserved 

SIFCMD 
This 8-hit register contains command and status information and is used in conjunction 
with SIFSTS to provide a 16-bit data word (re.fer to Table 9-5). 

Table 9-5. SIFCMD Bit Assignments 

Bit Signal Mnemonic 

15 INTERRUPT 

14 RESET 

13 SSB_CLEAR 

12 EXECUTE 

11 SCR_REQUEST 

10 EXECUTE 

Q SSB_CLEAR 

8 TRANSMIT_ VALID 

Definition 

I = Internal interrupt 

l = Reset if 2: 7 = l 

g.g 



Token Ring LAN Subsystem • DMALEN LSB/MSB 1/0 Register 
These two 8-bit registers contain the current DMA length. 

ACTL LSB/MSB 1/0 Register 
Th"""' l\J",.... ~ L;t f""I·,.,,,..,. ·• 1'"'" •hn 1 ~•n 1 4v6 r~;·~··ipr·)c·•····~- •- ··ot1tf('I a11d to son1e •.. ..._,,.._, '"''-' ,,,-u. "'-C .'H~l·'l Ull""' l I\. lllt\..I 0 II \..l\ . l. .t:.'.','.')\JI l\.) L . .. ~ 

extent, reconfigure the Token Ring subsystem under software control. 

Table 9·6 ACTL LSB/MSB Bit Assignments 

Signal 
Bit Mnemonic Definition 

15: 11 Reserved 

10 Current SDDIR signal value 

9 Current SHRQ signal value 

8 Reserved 

7 Software reset 

h Token Ring processor halt 

5 RAM/ROM processor code 

4 Reserved Always writes as 0 • 
3 Enable Token Ring processor interrnpt 

2:0 Reserved 
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Intelligent Graphics Controller 

Introduction 
The intelligent graphics controller is a high-performance, high-resolution video board. 
Its onboard processor is a TMS34020 Graphics System Processor (GSP) that includes 
a display controller generating all CRT timing signals. The GSP has a full 32-hii 
inlemal instruction set with a 512-hyte instruction cache. The instruction set is 
graphics-oriented. Other intelligent graphics controller features include: 

• VGA (640 " 480) t:mulation via hardware with VGA frame capture 
pas~-through capahrl11v 

• TIGA 340 and RGrn cPmpatihility 

• Software compatible with IBM 8514/ AI 

• 16 or 256 display colu1:-: (mode dependent) from a palette of 16.7 million 

possible colors 

• Includes 2 MB dual-ported video RAM !VRAM) 

• Optional l MB. 4 MB, or 16 MB [!RAM via four SIMM sockets for use hy 

graphic application programs 

• Sncket for an optional TMS34082 cnproces..,or 

The intelligent graphics controller has two 0perating video modes GSP and VGA. 
GSP video mode displays color or monochrome information on a high resolution 
display. Maximum GSP resolution is 1280 x 1024 with up to 256 colors. VGA video 
mode displays standard VGA graphics on the high resolution display, eliminating the 

need for a second lower resolution display. 
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Terms and Definitions 

10-2 

Following is an alphabetical list of terms and their definitions used in this chapter: 

ASIC 

Frame Buff er 

GSP 

GSP Video Mode 

RAMDAC 

VGA Frame Buff er 

VGA Video Mode 

Application Specific Integrated Circuit 

Dual ported memory that contains display information. Also 
known as VRAM (video RAM) 

The TMS34020 graphics system proces...-.;or 

The high-resolution graphics mode. The GSP and VRAM 
produce the video display. 

Color palette RAM and digital-to-analog converters 

Memory that holds VGA display informaticn 

Full IBM-compatible VGA graphics operating mode 

• 

• 

• 
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Intelligent Graphics Controller Hardware 
Figure 10-1 shows the location of the major intelligent graphics controller circuit 
board components. Component'\ include: 

• TMS34020 graphics system processor 

• GSPDRAM 

• Frame Buff er (VRAM) 

• BT459 RAMDAC™ 

• ISA bus connectors 

• Monitor connector 

• Monitor select switrh 

• Optional TMS34082 coprocessor socket 

• RVGAl ASIC 

• VGA frame buff er 

• Video BIOS EPROM 

• Frame grabber interface 
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VGA 
Frame Buffer 

RVGA1 
ASIC 

I l~I \ 
1: 11 0\ 
I :11 :=:: ~ 
I I _I_ 

qp 
'-,, / 

Video 
BIOS 

ISA Connector 

Monitor 
Connector 

Video Select 
Switch 

\ 

RAMDAC GSP 

~J ~/~1~~ 

~ro~ 
I :: : . }- -oAAM 

00 
Video Video 
Processor 
(GSP) 

Coprocessor 
Socket 

OM-00765 

Figure 10-1. Intelligent Graphics Controller Board Layout 
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TMS34020 Graphics System Processor 
The TMS34020 graphics system processor is a 32-bit general purpose microprocessor 
optimized for graphics display systems. Its main features include a 512 MB linear 
address range, a 512-byte instruction cache, .:10 general purpose 32-hit registers. 
fifty-four 16-hit on-chip registers dedicated to peripheral control functions, and an 
integrated display controller. Figure 10-2 shows a hlock diagram the TMS34020. The 
following sections briefly describe the following major components: 

• Internal functions 

• Instruction cache 

• Input/output registers 

• Microcontrol ROM 

• Clock timing logic 

• Host control logic 

• Page mode registers 

10-5 



lntelligf"mt Graphics Controller 

10-6 

HA31:5C: .. ~ 
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Figure 10-2. TMS34020 Block Diagram 
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lnter11al Functions 
Internal functions of the TMS34020 include three control and status registers, two 
register files, and an arithmetic logic unit (ALU). The three control and status 
registers, status (ST). program counter (PC). and stack pointer (SP> are 32-bit 
registers. 

The ST register contains information about the processor status and parameters that 
define the programmable data types being used. The PC register points to the next 
instruction word to be executed. The SP register contains the bit address of the system 
stack top. 

The two register files, A and B, each contain fifteen 32-hit registers and share the SP 
register. All registers are dual-ported to allow simultaneous read/write operations to 
two separate registers. 

The 32-bit ALU allows the TMS34020 to perform register-to-register operations 
during a single machine stale. 

Instruction Cache 
The instruction cache is 512 bytes and can store up to 256 instrnction words. The 
cache is enabled and disabled by setting/resetting a bit in one of the local memory 
input/output registers. 

Input/Output Registers 
There arc fifty-four 16-bit on-chip registers dedicated to peripheral control functions 
that can he accessed directly hy the TMSJ4020. These same registers can also he 
accessed by the Intel48(} microprocessor through the host interface. There are five 
ratl'gories of input/output registers: 

• Local memory 

• Video timing and scrct'n refresh 

• Host interface 

• Interrupt control 

• CPU control 
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1 ,ocal memory registers control addressing type (big/little endian), refresh rate, 
row/column mode, plane masking, refresh addressing, bus fault recovery, and the 
instruction cache. 

Video timing and screen-refresh registers generate CRT sync and blanking signals, 
schedule screen refreshes, and allow external synchronization. 

Host-interface registers communicate with the lntel486 microprocessor. 

Interrupt control registers provide interrupt status and request infonnation. 

CPU-control registers configure the TMS34020 CPU. 

Microcontrol ROM 
The microcontrol ROM interpreL'i decoded GSP instructions. 

Clock Timing logic 
The cklLk timing logic converts the clock input signals (CLKIN) to internal timing 
signals and outputs clock signals LCLK l and LCLK2. 

Host Control logic 
The host control logic communicates commands, data, and status information to and 
from the lnte1486 microprocessor via the ISA bus. 

Page Mode Registers 
The page mode registers buffer data lo and from the )oral memory interface. 

GSP DRAM 
Standard GSP DRAM is 0 MB; however. it can be optionally increased to 16 MR 
using SIMM type integrated memory circuits. The optional memory hardware must 
supptlft fast page mode operation lo take full advantage of the intelligent graphics 
controller performance features. Either 1 MB x 4-bit or 4 MB x 4-bit memory can be 
used. Access lime can not exceed 100 ns. 

Frame Buffer 

10-8 

The frame buffer is 2 MB and stores the bit-mapped display image that the CRT 
displays. Without GSP DRAM. only 1.5 MBs are available to store the display image. 
The other 512 KBs are used for GSP program memory. When DRAM is installed, 
frame buffer is remapped and all 2 MBs are available for display image storage . 

• 

• 

• 
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BT459 RAMDAC 
The BT459 RAMDAC is a triple 8-bit RAMDAC designed for high 
perf onnance/resolution graphics. It receives digital frame buffer outputs and provides 
analog ROB drive signals to the monitor. Figure 10-3 shows a block diagram of the 
BT459 RAMDAC. On-chip features include: 

• 256 x 24 color palette 

• 4: 1 pixel multiplexing 

• User definable 64 >< 64 cursor 

• Bit plane masking 

• I. 2, 4, or 8 bits/pixel 

CLOCK* 

LO* · ------ --t -

P7:0 
(A·E) 

OLE(A·E) - -

SYNC* -

I 

CLOCK 

MUX 
Control 

MUX 

FS ADJUST VREP 

I 

Blink 
Control 

I 

L__ __ l :t>r ··· >COMP 

~ 

Read Blink 
Mask Mask __ _ 

Cursor 
Generation 

l 
256x24 {§>' - OAC > IOR Color 
Palette 

16x24 
Overlay 

I 

--B> >IOG 

! 
3x24 
Cursor --· §> · > IOB 
Palette 

BLANK* --,.._ ___,.---~ I Addr, Reg I I B ] ~ j R 

,, 
CO R/W CE* C1 07:0 

AGA·004 

Figure 10-3. RAMDAC Block Diagram 
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ISA &us Connectors 
The ISA hus connectors provide an interface to the system hoard. Ta hies l 0-1 and 
10-2 list the pin assignments for the ISA bus 8-bit and 16-hit connectors, respectively. 

Tabie 10-1. ISA 8-bit Connector Pin Assignments 

Pin Number Signal Pin Number Signal 

Bl Ground Al IOCHCK* 

B2 RSTDEV A2 007 

B3 +5 V de A3 006 

B4 IRQ09 A4 005 

BS -5 V de AS 004 

B6 DR()2 A6 D03 

B7 -12 V de A7 D02 

R8 SRDY A8 001 

B9 + 12 V de A9 DOO 

BIO Ground AIO IOCHRDY* 

Bl I MEMW* Al 1 AEN 

812 MEMR* Al2 A19 

BlJ IOW* Al3 Al8 

Bl4 IOR* Al4 Al7 
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Table 10-1. ISA 8-Bit Connector Pin Assignments (continued) 

Pin Number Signal Pin Number Signal 

815 Ground A15 A16 

816 DRQ3 A16 Al5 

Bl7 DACK!* A17 Al4 

Bl8 DRQl Al8 Al3 

819 MEMREF* Al9 Al2 

820 SYSCLK* A20 All 

821 IRQ07 A21 AlO 

B22 IRQ06 A22 A09 

823 IRQ05 A23 A08 

824 IRQ04 A24 A07 

825 IRQ03 A25 A06 

B26 DACK2* A2o A05 

827 TC A27 A04 

828 8USALE A28 A03 

829 +5 V de A29 A02 

830 840SC A30 AOl 

B31 Ground A3l AOO 
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Table 10-2. ISA 16-bit Connector Pin Assignments • 
Pin Number Signal Pin Number Signal 

DI MCS16* Cl SBHE* 

D2 IOCS 16* C2 LA23 

DJ IRQ!O C3 LA22 

D4 IRQl 1 C4 LA21 

D5 IRQ12 cs L,A20 

06 IRQ15 C6 LAI9 

D7 IRQ14 C7 LA18 

D8 DACKO* C8 LA17 

D9 DRQO C9 MRDC* 

DlO DACK5* ClO MWTC* 

OJ l DRQ5 Cl I 008 

Dl2 DACK6* Cl2 009 

Dl3 DRQ6 C13 010 • Dl4 DACK7* Cl4 DI 1 

Dl5 DRQ7 r1 c; D12 ..__ . .I_, 

016 +5 V de Cl6 013 

D17 SECMAST* CI7 Dl4 

018 Ground Cl8 015 
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Monitor Connector 
The monitor connector is a D-15 connector that provides the interface between the 

mm1i1or and the mt ell igent graphics controller Ta hie I0-3 lists the pin assignments 

for morntor connector and Figure 10-4 show:-. ih pin locat1ons. 

Table 10-3. Monitor Connector Pin Assignments 

Pin Number Description 

Red vi<leo 

") Green video ... 

3 Rlue video 

4 Not connected 

5 Grnund 

6 Rt.'d video return 

I Green video return 

x Hlllt.' v1de(1 retum 

9 Composite sync 

IO Sync return 

11 Not connected 

12 Nnt connected 

I _'l. Hori1ontal svnc 

14 Vertical svnc 

!5 Not com1e1_·ted 
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Analog D-15 Connector Pin 1 

Pin 15 
AGA-OON! 

Figure 1 Q-4. Monitor Connector Pin Locations 

Video Select Switch 
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The video select switch positions define the type of monitor connected to the 
inteiligem graphics controi!e.r. Table 10-4 lists the switch setting definitions. 

Table iQ..4. Video Select Switch Settings 

Monitor Horizontal Vertical Switch 
Model Frequency Frequency Setting 

VR320-DA(l) 77KHz 72Hz 1 
VR319-DA(l) 

VR320-CA( l) 70KHz 66Hz 2 
. VR319 CA(!) 
VRT19 

VRT16 70KHz 66Hz 3 

4 - 9 (reserved) 

ISM(2) 64KHz 60Hz 10 

11 - 14 (reserved) 

(1) A .. Northern Hemisphere, 4 =Southern Hemisphere, e.g., VR320-0A .. Northern Hemisphere 
(2) Industry Standard Monitor (ISM) represents most common 1280 x 1024 monitors (Mitsubishi. Model 6905, 

NEC 50, etc.). 

• 

• 
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Optional TMS34082 Coprocessor 
A socket in~talled on the GSP board accommodates the TMS34082 floating point 
coprocessor. The coprocessor extends the TMS34020 capabilities without adding 
significant overhead. These additional capabilities extend the TMS34020 instruction 
set. The additional instructions invoke h)i..:al-memory interface cycles that pass 
commands and data between the TMS34020, local memory, and the coprocessor 

Software 
Figure 10-5 shows a block diagram of software relationships between the lntel486 
microprocessor and the intelligent graphics controller. 

Application 
The application block is any program that uses GSP viden mode. Typical examples 
are AutoCAD or X-windows. 

Application Driver 
The application driver hlock is software that supports the application with 
device-independent functions. Typical examples are the CAD application drivers, 
spreadsheet drivers, or the X-windo\VS server. 
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Graphics Interface 
The intelligent graphics controller supports IBM 8514/ A and Texas Instrument 
Graphics Architecture (TIGA-340). 

IBM 8514/AI 
The IBM 8514/AI adapter interface provides software emulation of a 8514/AI adapter. 
This interface has three modules: 

• Communications driver - supports the 8514/ AI adapter interface functions 
and communicates with the GSP 

• Interrupt handl~r - supports application communication and initializes 
access to the communication driver 

• Graphics manager - contains graphics drawing primitives 

TIGA-340 
TIGA-340 is a software interface intended for use hy application developers. This 
interface provides a set of graphics primitives that are ex.tendihle and hardware 
independent. TIGA-340 also enhances performance hy optimizing communications 
between the Intel486 microprocessor and the GSP. This interface has five modules: 

• Communications driver - supports TIGA functions and communicates with 
the GSP 

• Interrupt handler - supports application communication and initializes 

access to the communication driver 

• Graphics manager - contains the drawing primitives 

• Linking loader - links TIGA compatihle graphics manager extensions 

• Graphics manager extension - contains TIGA graphics primitives that can 

be relocated 
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Graphics Manager 
The graphics manager is software that runs on the GSP. It contains a command 
executive that handles lntel486 microprocessor communications and a standard set of 
graphics primitives. The graphics manager must be loaded after power-up. 

GSP Kernel 
The GSP kernel is the lowest level software for the GSP. It provides video, color 
palette, and memory management services. The GSP kernel must be loaded after 
power-up and is permanently resident in memory as well as operating system 
independent. 

Intelligent Graphics Controller Device Driver 
The intelligent graphics controller device driver verifies the presence of and initializes 
the inteJligent graphics controller. It also installs the GSP kernel and graphics 
manager. The hardware dependent device driver is the primitive software interface 
between application drivers and the intelligent graphics controller hardware. 

Utilities 
Intelligent graphics controller utilities install and select the display fonnat. 

Display Utility 
The display utility (DISP) selects the number of colors, 16 or 256. to display on the 
monitor. 

VGA BIOS 
The VGA RIC>S contain standard VGA input and output service software. It is stored 
in EPROM. The VGA RIOS also contains the frame grabher control program. 

Frame Grabber 
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The frame grabber is software that runs on the GSP that transfers VGA display 
information to the Frame buffer. 

• 

• 

• 



Intelligent Graphics Controller 

RVGA1 ASIC 
The RVGAl ASIC is the functional equivalent of an IBM video graphics array ASIC. 
In combination with other intelligent graphics controller hoard components, the 
RVGAl ASIC provides the full functionality of the PS/2 display adapter. The RVGAI 
contains logic that provides: 

• ISA bus interface 

• VGA 1/0 and memory rnap decoding and control 

• VGA CRT controller 

• A DRAM memory controller 

• Memory and video timing generation 

• A graphics controller 

• An attribute controller 

VGA Frame Buffer 
The VGA frame buffor is 256 KB of DRAM. It stores the entire screen image when in 
VGA video mode. 

Video BIOS EPROM 
The video BIOS EPROM stores the VGA BIOS firmware. It also contams firmware 
that initializes GSP functions when the power-on self test executes. 

Frame Grabber Interface 
The frame grahber interface stores pixel data in FIFOs located hetween the VGA pixel 
data bus and the GSP system data bus. 
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Programmable Registers 
The following sections describe the programmable intelligent graphics controller 
registers. This information includes address maps. register bit definitions, and 
interrupt assignments for hardware that is accessible by a graphics application 
programmer. Figure 10~6 shows a memory map for the intelligent graphics controller. 
The shaded portions of the memory map are described in this chapter. 

Host Interface Registers 

10 20 

Host interface registers hold address. data, control, and status infonnation that passes 
between the Intel486 microprocessor and the GSP. There are eight host interface 
registers that occupy 15 1/0 ports at addresses 02BOH through 02BFH. The following 
sections briefly describe and provide bit definitions for the following host interface 
registers: 

• Address 

• Data 

• Data plus 

• Status 

• Configuration 

• Base address 

• Block size 

• GSP base address 

• 

• 

• 
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Figure 10-6. Intelligent Graphics Controller Memory Map 
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Addre;:,s Register 

The address register is a 32-bit read/write register that occupies four 1/0 ports. Data in 
the register is a 28-bit pointer into GSP memory space that identifies where to write 
the data in the data register. Note that address infonnation must be in place before 
data transfers. Ta hie l 0-5 lists the address register's addresses and its bit definitions. 

Table 10"5. Address Register Bit Definitions 

Address (in hex) Register Bits Definition 

0283 Address byte 3 7:0 Address bits 24 to 31 

0282 Addre~~s byte 2 7:0 Address bits 16 to 23 

0281 

0280 

Data Register 

Address byte l 

Address byte 0 

7:0 

3:0 
7:4 

Address bits 8 to 15 

Not used 
Address bits 4 to 7 

The data register is a 16-bit read/write register that holds data being transferred 

• 

between the lntel48 microprocessor and the GSP. A write access to this register • 
causes data to be written to the GSP address specified in the address register. A read 
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access causes data to be transferred from the GSP address specified in the address 
register to this register. Table 10-6 lists the data register's addresses and its hit 
definitions. 

Table 10-6. Data Register Bit Assignments 

Address (in hex) Register Bits Definition 

0285 

02R4 

Data MSB 

Data LSB 

15:8 

7:0 

Data hits 15:8 

Data hits 7:0 

• 
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Data Plus Register 
The data plus register is a 16-bit read/write register that holds data heing transferred 
hetween the lntel486 microprocessor and the GSP. A write access to this register 
causes data to be written to the GSP address specified in the address register. After a 
data write, the GSP address is incremented hy one write. A read access causes data to 
he transferred from the GSP address specified i11 the address register. Again, after a 
data read the GSP address is incremented by one. A byte access to 2B6H causes the 
address to increment; however, the address increments after byte access to 2B7H. 
Table 10-7 lists the data plus register's addresses and its bit definitions. 

Table 10-7. Data Plus Register Bit Definitions 

Address (in hex) Register Bits Definition 

0287 Data MSB 15:8 Data bits 15:8 

0286 Data LSB 7:0 Data hits 7:0 

Status Register 
The status register is read only and contains VGA capahility, expansion slot type, 
Xilinx1'M status, and circuit board revision level infonnation. It is addressed at l/O pon 
02B8H. Table 10-8 lists the status register's hit definitions. 
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Table 10-8. Status Register Bit Definitions 

Bit(s) Descriptions Definition 

7:5 Revision code Board version numher 

J Xilinx 'tatus 0 "" Xilinx devices not programmed 
l = Xilinx devices programmed 

3 Xilir•'\ ready Valid only if bit 4 = 0 
0 = Xilinx device ready 
l = Xilinx device not ready 

2 Slot type status 1 = Installed in 16-bit ISA slot 
Always reads as one 

VGA option status 0 = Daughter board installed 
Always reads as zero 

0 VGA pass through status 0 = VGA pass through connected 
Always reads as zero 

---~------· 

Reset Register 
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The reset register is write only and is addressed at 1/0 port 02B8H. A write to the 
reset register causes a reset of the intelligent graphics controller including the GSP and 
Xilinx programmable gate arrays. The reset is cancelled hy a read from the status 
register 

• 

• 

• 
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Con:1guration Register Bit Definitions 
The configuration register is a read/write register that holds hardware configuration 
intormation. It is addressed at l/0 port 02B9H. Table 10-9 lists the configuration 
register's bit definitions. 

Table 10-9. Configuration Register Bit Definitions 

Bit(s) Descriptions Definition 

7 and 0 MEMCS 16 cycle control 0 0 = 32 KB address block decode, 
MCS 16 held low for full cvcle 

J 

hetween BALE 
0 I= 128 KB address bl· ·ck decode, 

MCSI6 h»ld low for full cycle 
between BALE 

0 = 32 KB address hlock decode. 
MCS 16 asserted for duration 
of LA(23: 17) 

I = 128 KR address block decode, 
MCS 16 asserted for duration 
of LA(23: 17) 

6 Oiagnostic LEO 0 = On 
l =Off 

5 GSP base address register MSR of GSP base address register 
hit 31 

4 Reserved 

2 

l/0 Bus \.vidth 

Memory hus width 

VGA pass through 
control 

0 = 8-hits. hyte transfers 
I = 16-hit, word transfers 

0 = 8-hit~.;, hyte transfers 
I = 16-hit, word transfers 

0 = VGA video mode sdected 
i = GSP video mode selected (also 

indicates VGA video mode) 
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Memo• 'f Base Address Register 
•he memory hase address register is a read/write register that contains shared memory 
enable. interrupt status. and block starting address infonnation. This register defines 
the ISA bus staning address of a shared memory block. It occupies two 1/0 port 
addre<.;ses. Table 10-10 lists the memory base address regisier's addresses and hit 
definitions The DECpc 433 Workstation has a 32 KB memory block reserved at 
address COOOH. 

Table 10~10. Memory Base Address Register Bit Definitions 

Address 
{in hex) Bit(s) 

02RB 7:0 

02BA 7:4 

Descriptions 

PC bus address 

PC bus address 

3: 2 Reserved 

u 

GSP host interrupt 
status (read only) 

Shared memory enable 

Definition 

SA(23:16) 

SA (15:12) 

0 = Interrupt pending 
l = No interrupt pending 

0 =Disable 
1 =Enable 

Memory Block Size Register 
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The memory block size read/write register contains the size of the shared memory 
block. It is addressed at 1/0 port 02BCH. Table 10-J I lisL'> the memory block size 
register's bit definitions. 

Table 10-11. Memory Block Size Register Bit Definitions 

Bit(s) Descriptions Definition 

-: . 4 Reserved 

3:0 Block Size 0 0 0 0 = 4 KB 
0 0 0 1=8 KB 
00 l l=l6KB 
0 I l l = 32 KB 
1 l 1 l = 64 KB 

• 

• 

• 
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GSP Base Address Register 
The GSP hase address read/write register defines which 16 MB segment of GSP 
memory contains the shared memory block. Shared memory address bit 31 is defined 
hy hit 5 of the configuration register. The GSP hase address register occupies two 1/0 
port addresses. Table 10-12 lists the GSP base address register's addresses and bit 
definitions. 

Table 10-12. GSP Base Address Register Bit Definitions 

Address 
(in Hex) Bit(s) Descriptions Definition 

02BF 7:0 Shared memory GSP address bits 30:23 
block MSB 

02BE 7:0 Shared memory GSP address bits 22: 15 
hlock LSBs 

GSP Internal Registers 
There arc 42 GSP internal registers that provide control and status for: 

• Communications between the GSP and Intel486 microprocessor 

• GSP memory interface 

• Interrupts 

• Video timing and screen refresh 

• Graphics drawing 

These registers are located in the GSP memory space at addresses C'OOO 0000 through 
COOO COJFF. For more infonnation about the GSP internal registers refer to the 
TMS34020 User's Guide. 
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GSP Memory Map 
·r a hie 10-13 list.:.; the GSP memory map. The amount of installed system memory and 
frame buffer memory changes tht' <JSP memory m~p. These effects are also included 
m the lahk. 

Table 10-13. GSP Memory Map 

GSP Address Range (in Hex) 

FOOO 0000 to FFFF FFFF 

EOOO 0000 to EFFF FFFF 

nooo 0000 to DFFF FFFF 

COOO 0000 10 CFFF FFFF 

ROOO 0000 to BFFF FFFF 

8111)0 OOOD to AFFF FFFF 

7000 0000 to 7FFF FFFF 

hOOO 0000 In 6FFF FFFF 

5000 0000 to SFFF FFFF 

0000 0000 to 4FFF FFFF 

Function 

System memory (DRAM) 

Frame buff er memory <VRAM) 

External GSP registers 

Internal GSP registers 

VGA frame grabber registers 

Reserved 

Auxi!?ary program memory 

Auxiliary video dispiay memory 

Auxiliary external registers 

Reserved for future use 

VGA Frame Grabber Registers 
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VGA frame grahher registers provide status, pixd mask, pixel data, screen size, and 
Fif'(; 1.:.-.d -_,,,h~;1 :J::;it~t; VG.~ vid~G ~:1~xk Tl1t.: fulluwi11g sec1ions briefly descrihe and 
provide hit definitions for the following VGA frame grabher registers: 

.;; ( ....... •#'' 
~Jtatu.:, 

• Pixel mask 

Cl VGA color palette 

4J Vertical count 

• Horizontal count 

• FIFO 

• 

• 

• 
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Status Register 
The status register is read only and provides VGA frame grahher mode status 
information lO che GSP. It is addressed at BOOO 0000. T;. hie I0-14 lists the status 
register's bit definitions. 

Table 10-14. Status Register Bit Definitions 

Bit(s) Descriptions Definition 

31:8 

7 

6 

5 

4 

3 

0 

Reserved 

VGA Vsync 

VGA Hsync 

VGA blank 

VGA blank latched 

l = Horizontal retrace 

l = Vertical retrace 

0 = VGA blanked 
l = VGA display active 

0 =VGA blanked 
l =VGA not blanked 

VGA palette change latched 0 = VGA palette changed 
I = VGA palette not changed 

FIFO read error latched 0 = FIFOs read error 
I = FIFOs no read error 

FIFO empty latched 0 = FIFOs empty 
l = FIFOs not empty 

FIFO full latched 0 = FIFOs full 
l = FIFOs not full 

The latched signals hold their value alter a single occurrence until the status register is read 
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Pixel Mask Register 
The pixel mask register is read only and contains VGA video mode pixel mask data. It 
is addressed at BOOO 0020. Table 10-15 lists the pix.el mask register's bit definitions. 
This register provides a copy of the VGA RAMDAC pixel mask register contents. 

Table 10-15. Pixel Mask Register Bit Definitions 

Bit(s) f lescription 

31:8 

7:0 

Reserved 

VGA pixel mask 

Palette Data Register 
The palette data register is read only and contains color palette data. It is addressed at 
BOOO OU60. After a read from this register, the address of the data value is 
incremented. This allows the contents of the entire VGA RAMDAC color palette 
RAM to he accessed sequentially. Table 10-16 lists the data register's bit definitions. 

Table 10-16. Data Register Bit Definitions 

Bit(s) Description 

31:8 

7:0 

Reserved 

VGA palette data 

VGA Palette Index Clear Register 
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The VGA palette index clear register provides a mechanism to rrset thr VGA 
RA!\1DAC color palette location. A read from the index clear register resets the 
address of the data value to the first location It is addressed at BOOO 0040. The data 
ohtaine<l during the read 1s undefined. 

• 

• 

• 
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Vertical Count Registers 
The bit combination in the two vertical count registers fonns a number that equals the 
total number of horizontal scan lines being produced by the current VGA display 
mnde. The vertical count low register holds the two low hits and the vertical count 
high register holds the upper eight hib. Roth registers are read only. Tahle 10-17 lists 
the vertical count lnw register's address and bit definitions. Tahle 10-18 lists the 
vertical cOlml high register's address and bit definitions. 

Table 10-17. Vertical Count Low Register Bit Definitions 

Address 
(in hex) Bit(s) Description 

80000080 31 :2 Reserved 

l :0 Number of horizontal scan lines, 2 LSBs 

Table 109 18. Vertical Count High Register Bit Definitions 

Address 
(in hex) Bit(s) Description 

BOOOOOEO 31 :8 Reserved 

7:0 Number of horizontal scan lines. 8 MSBs 

10-31 



lntelli9~nt Graphics Controller 

Hori;;rmtal Count Register 
The horizornal count register is read only and holds the number of pixels per scan line 
divided by four of the current VGA display mode. Tahle 10-19 lists the horizontal 
count register address and bit definitions. 

Table 10-19. Horizontal Count Register Bit Definitions 
-·------·------

Address 
(in hex) Bit(s) Description 

BOOOOOAO 31:8 Reserved 

7:0 Pixels modulo 4 

FIFO Reset Register Bit Definitions 
The FIFO reset register is a read only register at address BOOO OOCO that resets all 
FIFOs. Its 32 bits are undefined. A read from this register clears the contenl'> of all 
FIFOs and resets all status flags. 

External GSP Registers 
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External GSP registers configure the intelligent graphics controller outputs, control 
GSP internal interrupts, report status, and change color values in the color palette. The 
following sections hrieOy describe and provide bit definitions for the following 
external GSP registers: 

• Configuration/status 

• Color pa let1e address 

• Color palette data 

• 

• 

I 
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Conf guration/Status Register 
The configuration/status register is a 32-bit register at GSP address D0080 0000. Bits 
15 through 0 arc read/write Riis JI through 16 are read only. Table 10-20 lists the 
rnnfiguration/starus register's bit definitions. 

Table 10-20. Configuration/Status Register Bit Definitions 
------~· ---,·--

Bit(s) Description Definition 

31:24 

23 

')') ..... 

21 

20 

19 16 

15. 14 

Reserved 

VSYNC signal 
level 

HSYNC signal 
level 

VGA pass thrnugh 
status 

Reserved 

Morntm select 

swm:h settmg 

PFS St'fJa I load 
rnode 

0 = Vertical retrace 

0 = Horimntal retrace 

0 = Pass through 
l = GSP video modt• 

Alway'> read a~ llllC 

I l I I = V1:020-DA. VRJ 19-DA 
l I l 0 = \'1020-CA, VJ019-CA, VRTl9 
I I O I = VRTl6 
I l 0 0 = VR325, VR326 
I 0 I l = VRJ25 stretch, VRJ26 stretch 
IOlO=VRJIS 
I 0 0 1 = VRJ 15 stretch 
l 0 O 0 = VH.297, VR299 
0 l l I = VR262 
0 I I 0 = Industry Std. l 280 )( I 024 
All others are reserved 

0 0 = Normal 
!) I = Write mnde 

0 =Read mode 
1 I = Illegal 

~~~~~--·~~~~~~~.~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~~~~~-

10-33 
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Bit(s) Description Definition 

l3 PFS serial data bit 

12 PFS serial dock 0 =No change 
l = Clo.: i-. hit 13 into PFS 

11 Reserved 

10 DRAM size 0 == 0 to l MB 
1 = 4 MB 

9:8 VRAM memory 0 0 =None 
mapping 0 l == 256 KB from l MB 

1 0 = 512 KB from 2 MB 
I l = Undefined 

7 VSYNC polarity 0 == Active low 
l == AL·tive high 

6 HSYNC polarity 0 =Active low 
l = Active high 

5:4 Pixel size 0 0 = 1 hits per pixel • 0 I = 2 hits per pixel 
1 0 = 4 hits per pixel 
I l = 8 bits per pixel 

J Reserved 

2 Video clock rate 0 0 = Dotclock/4 
and l I = Dotclock/8 

1:0 Dot clock select 0 0 = 130.808 MHz 
() l = 119.843 MHz 
I O = 110.000 MHz 
l l = Programmable 
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BT459 RAMOAC Address Registers 
The RAMDAC address registers hold address information that specifies where to write 
color palette and configuration data contained in the RAMDAC data register. Table 
10-21 lists the RAMDAC address register's addresses and bit assignments. For 
programming specifics, refer to the manufacturer's data manual. 

Table 10-21. RAMDAC Address Register Bit Definitions 

Address Read/ 
(in Hex) Write Bit(s) Description 

DOOO 0600 Write 7:0 Address low byte 

00000020 Write 7:0 Address high byte 

00000080 Read 7:0 Address low byte 

DOOOOOAO Read 7:0 Address high hyte 

BT459 RAMDAC Control Register 
Tht> RAMDAC control register contains information bits that configure the RAMDAC 
mode of operation. For programming specifics, refer to the manufacturer's data 
manual. This register is written to at DOOOO 0040 and read from DOOO OOCO. 

BT 459 RAMDAC Data Register 
The RAMDAC data register contains color data for the col1or palette. Data is written at 
the address specified in the RAMDAC address registers. Table 10-22 lists the 
RAMDAC register's addresses and bit definitions. For programming specifics, refer to 
the manufacturer's data manual. 

Table 10-22. 

Address 
(in Hex) 

00000060 

DOOOOOEO 

Color Palette Data Register Bit Definitions 
--------

Read/ 
Write Bit(s) Descripti1on 

Write 

Read 

7:0 

7:0 

Color data 

Color data 
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lnte:,rupt 
The GSP generates interrupt IR.QI 0 to the lntel486 microprocessor. The interrupt can 
he set by a program running on the GSP. 

Operation 
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The following sections describe the operation of the two intelligent graphics controller 
subsystems: GSP and VGA. The GSP subsystem supports high resolution graphics 
( 1280 x 1024) and translates VGA data so it can be displayed on the high-frequency 
high-resolution monitor. This eliminates the need for a second lower-resolution 
monitor. The VGA subsystem supports all standard VGA display modes and provides 
VGA data to the GSP subsystem for processing Figure 10-7 shows the data flow 
between the two subsystems. 

• 

• 

• 
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From Data ··Data > VGA Frame 
ISA .( .- > VGA " Grab -<'. ·1 Frame 

Buffer Bus ' Subsystem Timing 
Logic 

Host 
Interface 

GSP 

..___ ..... 

32-Bit 
+ GSP Bus 

• System Memory 
• Memory and 1/0 Decode 
• Optional Coprocessor 
• External GSP Register 

Intelligent Graphics Controller 

SerlalB Analog 

~~-5- RAMDAC ~G~ > 

AGA-009 

Figure 10-7. GSP and VGA Subsystems Data Flow 

GSP Subsystem 
The GSP subsystem processes all display information regardless of video mode. All 
GSP inputs are from either the host interface or the VGA subsystem. The host 
interface is a series of registers that hold address, data, control, and status information 
that passes between the ISA bus and the GSP. These registers are described earlier in 
this chapter. VGA subsystem inputs are eight data bits and timing signals. VGA 
timing signals include horizontal and vertical synchronization, blanking, and clock 
signals. The following sections describe the GSP subsystem functions: 

• 

• 
• 

GSP 

VGA frame grabber logic 

Frame buffer (VRAM) 
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GSP 
!"lu~ GSP is a general purpose microprocessor optimized for graphics processing. As 
with all microprocessors, it requires supporting functions. Functions include: 

• System memory (DRAM) 

• Memory and I/() decode hlgic 

• Optional coprocessor 

• External GSP registers 

The intelligent graphics controller device driver performs initialization functions then 
loads the GSP software. In GSP video mode, an application driver controls 
communication hetween the GSP and the application via a host resident device driver. 
A device driver is not needed for VGA video mode. 

System memory (GSP DRAM) is optional. When system memory is not installed. the 
GSP uses a portion of the frame huff er for its memory. When system memory is 
installed. the frame huffer is remapped and none of it is used for system memory. 
Memory and 1/0 decode logic decodes GSP memory address and GSP 1/0 addresses . 
The external GSP registers configure outputs. control GSP internal interrupts, report 
status. and change color values in the color palette. When installed, the optional 
coprocessor enhances GSP performance. 

VGA Frame Grabber Logic 
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The VGA frame grahber logic is only used when in VGA video mode. It allows the 
GSP to obtain a copy of the VGA screen image on a frame-hy-frame hasis. The GSP 
then redirects the screen image to the VRAM hased frame huffer via FIFO memories. 
The VGA fr.:nne grabber logic also provides automatic VGA mode change detection. 
Full screen display of VGA images is provided hy pixel replication. 

VGA frame grabber logic monitors for VGA mode change hy counting pixels and 
vertical scan lines. These counts are provided to the GSP where a software function 
checks changes in either the number of pixels or scan lines. 

• 

• 

• 
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A near full screen VGA video mode display on a high-resolution monitor requires 
pixel replication. In some VGA modes pixel replication is straightforward. For 
example, in 640 >< 480 display mode (ignoring borders) 640 doubles to 1280, the 
number of pixels in one horizontal line. Dividmg the video dot clock in half replicates 
the original 640 pixels. However, in the standard VGA text mode (2+) the resolution 
is 720 x 400. In this mode, the video dot clock must he reduced by 56%. The divisor 
varies with each VGA display mode. A fully programmable frequency synthesizer 
aiiows the correct video clock division for each VGA display mode. Vertical scan 
replication is implemented by doubling or quadrupling each scan line, effectively 
doubling or quadrupling the vertical VGA size. Vertical scan repiication is perfonned 
in hardware via the CRT controller in the GSP. 

The update or frame rate in VGA video mode is 60 Hz in 480 line dic;;play mode and 70 
Hz in all other display modes. 

Monitor synchronization signal timing is implemented by the fully programmable 
CRT controller found in the GSP. 

Frame Buffer 
The frame buff er ( VRAM) stores display information in dual ported RAM. Parallel 
accesses are performed to and from the GSP while its serial outputs drive the 
RA MD AC. 

VGA Subsystem 
TI1e VGA subsystem supports all standard VGA text and graphics display modes. Its 
inputs and outputs are normal VGA signals. However, outputs are not sent to the 
RAMOAC. Instead, they go to the VGA frame grabber logic for capture and 
processing by the GSP as previously described. 

RAMO AC 
The RAMDAC receives serial display information from the frame buffer and outputs 
analog RGB signals to the monitor's electron guns. The electron guns then drive the 
electron beams that illuminate the display screen. 
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11 
Power Supply 

Introduction 
This chapter describes the specifications of the DECpc 433 Workstation power supply 
and the optional SCSI expansion box power supply. The workstation power supply is 
a 105 Watt power supply. The SCSI expansion box power supply is a 63 Watt power 
supply. Both power supplies sense input voltage level and automaticalJy compensate 
for the two input voltage ranges (ref er to Appendix A, "Specifications" for input 
voltage specifications). 

105 Watt Power Supply Specifications 
Tahle 11-1 lists the specifications for the 105 Watt power supply. 

Table 11-1. 105 Watt Power Supply Specifications 

Output Voltage Continuous Current Peak Surge For Maximum 
(V de) Minimum Maximum 15 Setonds Power Output 
+) ±5% 35 A 18.0A 90 Watts 

+ 12 ±5% 0 t\ l OA 2.0 A 12 Watts 

-12 ±103 OA 0.2 A 2.4 Watts 

-:'i ± 10% OA 0.2 A I Watt 

63 Watt Power Supply Specifications 
Table 11-2 listc; the specifications for the 63 Watt power supply. 

Table 11·2. 63 Watt Power Supply Specifications 

Output Voltage Continuous Current Peak Surge For Maximum 
(V de) Minimum Maximum 15 Seconds Power Out}!ut 
+5 ±5% 05 A 3.0A 15 Watts 

+ 12 t5% 0.5 A 4.0A 8.0A 4~ Watts 
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A 
Specifications 

Introduction 
This appendix gives infonnation about the technical characteristics of the DECpc 433 
Workstation. Infonnation includes: 

• System hoard specifications 

• Video board specifications 

• Environmental specifications 

• Physical dimensions 

• Power requirements 

• System board current requirement'> 

Syste~m Board Specifications 
Tahle A-I lists the system board specifications. 

Table A-1. System Board Specifications 

Attribute 

CPTJ 

CPU clock speed 

Master clock speed 

ISA bus speed 

Data path 

Interrupt-; 

Specification 

Intel486 

33 MHz 

66 MHz 

8MHz 

8-, 16-, and 32-hits 

15 
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Table A-1. System Board Specifications (continued) • Specifications 

Attribute Specification 

Memory addressing 

Physical 256 MB 

Virtual 64 terabytes 

Supported 16MB 

ROM BIOS Size 128 KB 

DRAM memory 

Speed 80 ns or faster 

Type 9-bit SIMM 

Standard size 8 MB 

Optional sizes 4, 12, 16, 24, 32, 48 MB 

Error Protection Byte parity 

Alkaline system battery 3-year shelf life 

Optional Turhocache 64 or 128 KB • Non-volatile RAM 114 bytes 

Dimensions I 0.5 inches by 12 inches 

Layers 6 

VLSI components l l 
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Specifications 

Video Board Specifications 
Table A-2 lists the video hoard specifications. 

Table A-2. Video Board Specifications 

Attribute Specification 

Processor 

Coprocessor 

Speed 

DRAM 

VRAM 

Colors 

Tl 34020 microprocessor 

Optional TMS34082 

32MHz 

0 MB to l6MB 

2 MB 

256 from a palette of 16.7 million 

Environmental Specifications 
Table A-3 list the system module anJ the SCSI expansion box environmental 
specifications. 

Table A-3. Environmental Specifications 

Attribute Specification 

Operating iemperature 

Storage temperature 

Operating humidity 

Non-operating humidity 

Altitude 

Maximum operating noise 

Shock, non-operating 

10" to 40° C 

--20° C to 60° C 

20-80o/r· Relative humidity, max wet bulb 
(tl) 33" c 
95 o/i Relative humidity, max wet bulh iii) 

)5° c 
To 10,000 feet maximum 

42 dB at operatrn position 

30 G. 11 rns, 1/2 sine wave 
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Physical Dimensions 
Table A-4 lists the physical dimensions of the system module and the SCSI expansion 
hox. 

Table A-4. Physical Dimensions 

Attribute 

Width 

Height 

Length 

Weiglti 

Specification 

16.5 inches (41.9 cm) 

2 75 inches (6.9 cm) 

14.5 inches (36.8 cm) 

15.9 lbs t35. l kg) 

Power Requirements 

A-4 

Table A-5 lists the power requirements for the system module and the SCSI expansion 
hox. 

Table A~S. Power Requirements 

Maximum Input Frequency 
Voltage Source Range Current Limits 

100-120 V ac 90-l32 V ac lOA 47-63 Hz 

200-- 240 V ac 180-264 V ac 5A 47--61 Hz 

• 

• 

• 



Specifications 

System Board Current Requirements 
Table A-6 lists the nominal current requirements for the system hoard and the parts 
that obtain power from the system hoard. 

Table A-6. Current Requirements 

Assemblies +5.0 V de +12.0 V de -12.0 V de 

System board with 8 
MR of system memory 5.3 A 0.2 A 0.1 A 

Intelligent graphics 
controller SA 0.14A OA 

l .44 MB floppy disk 
drive 0.15 A O.J A OA 

IDE fixed disk drive 0.3 A OJA OA 
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BIOS Interrupt Routines 

Introduction 
This appendix describes the interrupt service routines available in the system BIOS. 
lnformation includes: 

• Interrupt vector table 

• Summary of RIOS services 

Interrupt Vector Table 
Tahle R-1 1dentifie'I each intetTUpt hy f unl'!1on and type. Where apphcahle. it li<;ts the 
interrupl vector address initialized by the BIOS at POST System software may 
rcvector an interrupt at or shortly after the hoot process is completed. so these values 
may not be the same in every system on every occasion. 

Table B-1. Interrupt Functions and Types 

INT function Type Vector 

OOH Divide by zero Exception 

OJH Single step Exception 

02H Nonmaskahlr interrupt (NMll Exrrpt11m FE2C3H 

OJH Breakpoint Excep1ion 

04H Overflow Exception 

05H Print screen Software FFF54H 

OSH Bound<; exception Hardware 

06H Invalid op code Hardware 

B-1 



BIOS h~terrupt Routines • Interrupt Functions and Types (continued) Table B-1. 

!NT Function Type Vector 

06H Reserved (PC only) Hardware 

07H Reserved (PC only) Hardware 

07H Math coprocessor not presenl Hardware 

08H Double exception error Hardware 

08H System timer (lRQ 0) Hardware FFEASH 

09H Keyboard (lRQ l) Hardware FE987H 

09H Math coprocessor segment Logical 
overrun 

OAH IRQ 2 cascade from second Hardware 
programmablt' interrupt 
controller 

OAH Invalid task segment state Logical 

OBH Serial communications (COM2) Hardware 
(IRQ 3) • OBH Segment not present Logical 

OCH Serial communications (COM l) Hardware 
(IRQ 4) 

OCH Stack segment overflow Logical 

ODH Parallel printer (LPT2) Hardware 
llRQ 5) 

ODH General protection fault Logical 

UEH IRQ 6 rli..,k1·1le Hard\vare FEF57H 

OEH Page fault (80386 only) Logical 

OFH Parallel printer <LPTI) IRQ 7 Hardware 

lOH Video Software FF065H 

lOH Numeric coprocessor fault Login I 

l IH Equipment list Software FF84DH 

12H Memory size Soft\vare FF841H 

B-2 • 



BIOS Interrupt Routines 

Table B-1. Interrupt Functions and Types (continued) 

INT Function Type Vector 

13H Fixed disk/diskette Software FE3FEH 

l4H Serial communication Software FE739H 

lSH System services Software FF859H 

l6H Keyboard Software FE82EH 

17H Parallel printer Software FEFD2H 

18H Process boot failure Software FlC90H 

l9H Bootstrap loader Software FE6F2H 

lAH Time-of-day Software FFE6EH 

IBH Keyboard break Software FFF53H 

lCH User timer tick User FFF53H 

!DH Video parameter table BIOS Table FFOA4H 

!EH Diskette parameter tahle RIOS Table FEFC7H 

lFH Video graphics characters User F7F67H 

20H to Reserved for DOS 
3FH 

40H Diskette BIOS revector Software FEC59H 

41H Fixed disk parameter table RIOS Table FE401H 

42H EGA default video driver BIOS Table 

43H Video graphics characters User 

4JH to Reserved 
45H 

46H Fixed disk parameter table BIOS Table FE401H 

47H to Reserved 
49H 

4AH User alarm User 

4RH to ReservcJ 
59H 
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BIOS ! •. 1errupt Routines 

B-4 

Table B-1. Interrupt Functions and Types (continued) 

INT Function Type 

5AH Cluster adapter 

5BH to Reserved 
SFH 

60H to Reserved for user program u~er 

66H lnterrupts 

67H LIM EMS driver 

68H tn Reserved 
6FH 

70H Real-time clock (IR() 8) Hardware 

71H !RQ 2 reJi -ect (IRQ 9)(2) Hardware 

72H Reserved (lRQ l 0) Hardware 

7.1H Reserved ORQ 11) Hardware 

74H Reserved (lRQ 12) Hardware 

75H 80287 exception ORQ 13) Hardware 

76H Fixed disk (IRQ 14) Hardware 

77H Reserved <IRQ 15) 

78 to 7FH Reserved (IRQ 15) 

80H to Reserved for RASIC BASIC 
FOH 

FlHto Reserved for user program lJ<>er 
f FH interrupts 

{ 1 i At FFF23H is a table of B vectors \offsets only) for interrupts ?OH 77H (IRQ 815.l 

(2) Token ring 

• 
Vector 

(l) 

( I ) 

(1) 

(I) 

(1) 

( l) • (1) 

(1) 

• 



BIOS Interrupt Routines 

BIOS Services 
Each BIOS service runs at least one function. When a BIOS service is capable of 
running more than one function, functions are selected hy placing the proper function 
number in the AH register. Suhfunt·t1ons are selected via either the AL register or the 
BL register 

Tables B-2 through B-12 briefly define each BIOS service and list each BIOS function 
and subfunction. 

Table B-2. Print Screen Service 

Int Parameter Function 

05H None Print screen 
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Table B-3. Video Services • BIOS Interrupt Routines 

INT Parameter Function 

lOH AH= OOH Set video mode 

AH= OlH Set text mode cursor size 

AH= 02H Set cursor position 

AH= 03H Read current cursor position 

AH= 04H Read light pen position 

AH =OSH Select active video page 

AH= 06H Scroll active page up 

AH =07H Scroll active page down 

AH= 08H Read character/attrihute from screen 

AH= 09H Write character/attribute to screen 

AH= OAH Write character only to screen 

AH= OBH Set color palette 

AH= OCH Write pixel 

AH,,,ODH Read pixel • AH= OEH Write teletype to active page 

AH =OFH Return video status 

B-6 • 



BIOS Interrupt Routines 

Table B-3. Video Services (continued) 

INT Parameter Function 

AH= lOH Set palette/color registers· 

Parameter Subfunction 

AL= OOH 
AL= OIH 
AL= 02H 

AL= 03H 

AL= 04H-06H 
AL= 07H 

AL= 08H 

AL= 09H 

AL= IOH 
AL= l lH 
AL= l2H 
AL= l3H 

BL= OOH 
RL = OlH 
AL= 14H 
AL= 15H 
AL= loH 
AL= l7H 
AL= 18H-19H 
AL= lAH 
AL= IBH 

Set single palette 
Set overscan register 
Set all palette registers 
and overscan 
Toggle intensify/blinking 
bit 
Reserved 
Read individual palette 
register 
Read overscan register 
(border color) 
Read all palette registers 
and overscan register 
(border color) 
Set individual color register 
Reserved 
Set hlock of color registers 
Select color paging mode 
(not valid for mode l3H) 
Select paging mode 
Select page 
Reserved 
Read single DAC color register 
Reserved 
Read block of color registers 
Reserved 
Read color paging status 
Sum color values to gray shades 
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Table B-3. Video Services (continued) • BIOS interrupt Routines 

INT Parameter Function 

AH= 11H Load character generator: 

Parameter Su bf unction 

AL= OOH Load user text mode font 
AL= OIH Load ROM 8 x 14 text mode font 
AL= 02H Load ROM 8 x 8 double dot 

text mode font 
AL= 03H Set block specifier (text 

mode only) 
AL== 04H Load 8x 16 ROM text mode font 
AL== IOH Load user text mode font 

(after mode set) 
AL== l lH Load ROM 8x 14 text mode 

font (after mode set) 
AL= l2H Load ROM 8 x 8 double dot 

text mode font (after mode set) 
AL= l4H Load 8x 16 ROM text mode 

font (after mode set) 
AL= 20H Set user graphics characters • pointer at INT lFH (8x8 font) 

AL= 21H Set user graphics font 
pointer at INT 43H 

AL= 22H Use ROM 8:>< 14 font for 
graphics 

AL= 23H Use ROM 8 x 8 double dot 
font for graphics 

AL= 24H Use ROM 8x 16 font for graphics 
AL= .~OH Ge! font pointer information 
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Table B-3. Video Services (continued) 

INT Parameter Function 

AH= 12H 

AH= 13H 

Alternate select: 

Parameter 

RL = IOH 

BL= 20H 

BL= 30H 
BL= 31H 

RL = 32H 
RL = 33H 

BL= 34H 
RL = 35H 
BL= 36H 

Write ~tring: 

Parameter 
AL== OOH 
AL= OIH 
AL= 02H 

AL= OJH 

BIOS Interrupt Routines 

Su bf unction 

Return configuration 
information 
Switch to alternate print 
screen routine 
Select scan lines for text modes 
Enable/disable default palette 
loading during set mode 
Enable/disable video 
Enable/disable summing to 
gray shades 
Enahle/disahle cursor scaling 
Switch display 
Video screen off/on 

Subfunction 
Cursor not moved 
Cursor is moved 
Cursor not moved (text modes 
only) 
Cursor is moved (text modes 
only) 
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B-10 

Table B-3. Video Services (continued) 

INT Parameter Function 

AH= 
14H-19H 

AH= lAH 

AH= lBH 

AH::: lCH 

AH= 
lDH-FFH 

Reserved 

Read/write display romoination code: 

Parameter Subfunction 
AL = OOH Read display combination code 
AL= OlH Write display combination code 

Return functionality/state information 

Save/restore video state 

Reserved 

Table B-4. Equipment List Service 

INT Parameter Function 

l lH None Read equipment list 

Table B-5. Memory Size Service 

INT Parameter Function 

l2H None Read memory size 

• 

• 

• 



Table B-6. Diskette Service 

INT Parameter 

13H AH= OOH 

AH= OJH 

AH =02H 

AH= 03H 

AH= 04H 

AH =05H 

AH= 06H-07H 

AH= 08H 

AH= 09H-14H 

AH= l5H 

AH== 16H 

AH= 17H 

I 
AH= l8H 

AH= 19H-FFH 

Function 

Reset diskette system 

Read diskette status 

Read diskette sectors 

Write diskette sectors 

Verify diskette sectors 

Format diskene track 

Reserved 

Read drive parameters 

Reserved 

Read drive type 

Detect media change 

Set diskette type 

Set media type for format 

Reserved 

BIOS Interrupt Routines 
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BIOS Interrupt Routines 

Table B-7. Fixed Disk Service 

INT Parameter Function 
i3H AH= OOH Reset diskette(s) and fixed disk 

AH= OlH Read fixed disk status 

AH= 02H Read sectors 

AH =03H Write sectors 

AH =04H Verify sectors 

AH =05H FonTiat cylinder 

AH= 08H Read drive parameters 

AH= 09H Initialize drive parameters 

AH== OAH Read long sectors 

AH= OBH Write long sectors 

AH= OCH Seek to cylinder 

AH= ODH Alternate fixed disk reset 

AH= IOH Test for drive ready 

AH= l IH Recalibrate drive 

AH= l4H Controller internal diagnostic 

AH= 15H Read fixed disk type 

AH= l6H-FFH Reserved 

Table B-8. Serial Communication Service 

INT 

14H 

B-12 

Parameter 

AH= OOH 

AH"' OlH 

AH= 02H 

AH= 03H 

AH = 04H to FFH 

Function 
Initialize serial communications port 

Send character 

Receive character 

Read serial port status 

Reserved 

• 

• 

• 
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Table B-9. System Services 

INT Parameter 

l5H AH= 04H to 4EH 

AH= 4FH 

AH = SOH to 7FH 

AH= 80H 

AH"" 81H 

AH= 82H 

AH== 83H 

AH= 84H 

AH= 85H 

AH= 86H 

AH== ~r; H 

AH= 88H 

AH== 89H 

AH = 8AH to 8FH 

AH= 90H 

AH== 91H 

AH = 92H to BFH 

AH== COH 

BIOS Interrupt Routines 

Function 

Reserved 

Keyboard intercept 

Reserved 

Device open 

Device close 

Program termination 

Set event wait interval 

Joystick support 

System request key 

Wait 

Move block 

Read extended memory size ( >< l KB) 

Switch processor to protected mode 

Reserved 

Device husy 

Interrupt complete 

Reserved 

Return system configuration parameters 

B-13 



BIOS Interrupt Routines 

Table B-10. Keyboard Service • 
INT Parameter Function 

16H AH= OOH Read keyboard input 

AH= OlH Return keyboard status 

AH= 02H Return o;;hift flag status 

AH :::03H Set typematic rate and delay 

AH :::05H Store key data 

AH = 06H to OFH Reserved 

AH= lOH Read extended keyboard input 

AH= l IH Return extended keyboard status 

AH= l2H Return extended shift flag status 

AH= l3H to FFH Reserved 

Table B-11. Parallel Printer Service 

INT Parameter Function 

l7H AH== OOH Print character • AH= OlH lnitialize printer 

AH= 02H Read printer status 

AH= 03H lo FPn Reserved 

B-14 • 
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BIOS Interrupt Routines 

Table B-12. Time-of-Day Service 

INT Parameter Function 

lAH AH= OOH Read system tuner time counter 

AH= OIH Set system timer time counter 

AH= 02H Read real time dock time 

AH= 03H Set real time dock time 

AH= 04H Read real time clock date 

AH= 05H Set real time clock date 

AH= 06H Set real time clock alarm 

AH= 07H Reset real time clock alarm 

B-15 
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c 
Device Mapping 

Introduction 
This appendix con~"ins tables that list the system memory map, I/O address map, 
interrupt map, and LAN memory map for the respective Ethernet or Token Ring 
DECpc 433 Workstation system board. Also included are DMA device descriptions. 

Table C-1. System Memory Map (Ethernet) 

Address 
Range (in hex) Function Size Shadow Cache WP[Z, 
00100000 to Extended 47 MB No Yes( I) No 
02FF FFFF memory 

OOOF 0000 to System 64 KB Yes(!) Yes( 1) Yes 

OOOF FFFF BIOS/SCSI 
BIOS 

OOOE 0000 to System RIOS 64 KB Yes( I) Yes1 I) Yes 

OOOE FFFF Setup/EMS 

OOOD 8000 to LAN 32 KB No No No 
OOOD FFFF BIOS/RAM 

OOOD OOOOtn LAN RAM .'2KB No No No 
OOOD 7FFF 

OOOC 8000 to Vidt•o 1->uffrr nKB No No No 
OOOC FFfF 

OOOC 0000 to Video BIOS :UKB Ye!.(! l Ye!.( Ii l\io 

OOOC 7FFF 

OOOA 0000 to Video RAM 128 KB No No No 
OOOB FFFF 

0000 0000 to Base memory 640KB No Yes( I) No 
0009 FFFF 

( 1) Cari also be disabled 
(2) Write protected (not cached m the lntel486) 
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Device Mapping 

Table C-2. 1/0 Address Map (Ethernet) 

C-2 

Range 
(in hex) 

000 to OOF 

020 to OJF 

040 to 043 

060 to 06F 

070 to 07F 

080 to 09F 

OAO to OBF 

OCOto ODF 

OE8 to OEB 

OEC 
OED 

OEE 
OEF 
OFO 

OF4 

OFS 

OF8 

OF9 

OFR 

Function 

OMA controller one 

Interrupt controller mi.· 

Programmable interval timer 

Keyboard (61 port 8) 

Real-time clock (RTC), NMI 

OMA page register 

Interrupt controller two 

OMA controller two 

Not used 

82344/82346 configuration index register 

82344/82346 configuration data port 

82346 fast A20 

82346 fast reset 

Not used 

82346 slow CPU 

82346 fast CPU 

Not ,,se<l 

82346 configuration disahle 

82346 configuration enahle 

• 

• 

• 



Table C-2. 1/0 Address Map (Ethernet) (continued) 

Range 
(in hex) 

OFC to OFF 

170 to 171 

lFO to 1F8 

200 to 20C 

2BO to 2BF 

2F8 to 2FF 

340 to 35C 

278 to 37F 

380 to 3DF 

3CO to 3CF 

3FO to 3F7 

3F8 to 3FF 

800 

804 

808 

80C 

46E8 

Function 

Reserved for numeric coprocessor 

Secondary RTC (not used) 

IDE controller 

LAN registers 

Intelligent graphics controller registers 

COM2 

SCSI registers 

LPTl 

VGA registers 

Registers 

floppy disk controller 

Corona configuration port 1 tCOM I) 

Corona configuration port A (write/read) 

Corona configuration port B (read only) 

Corona configuration port C (write/read) 

Corona configuration port D (write/read) 

VGA enable register 

Device Mapping 
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Device Mapping • Table C~3. System Interrupt Levels (Ethernet) 

Interrupt Interrupt Interrupt 
Priority Controller Number Source 

1 IRQO Timer rick 

2 IR()l Keyhoard controller 

IRQ2 Cascade mterrnpl 

3 2 IRQ8 Real-time clock (RTC) 

4 
.., IRQ9 Reserved ... 

5 2 IRQlO TIGA video 

6 2 IRQl l SCSI interrupt 

7 .., IRQI2 Mouse interrnpt ... 
8 .., IR<)l3 Numeric coprocessor ... 
9 

.., IRQ14 Hard disk tlri vc ... 
lO 

.., IR() 15 Reserved 

11 l IR()3 C'OM2 

12 I IR()4 COMl • 13 IRQS LAN interrupt or LPT2 

14 l IRQ6 Floppy disk drive 

15 l U<Q7 LPTI 

Table C-4. Ethernet Memory Map 

Mnemonic Function R/W(1) B/W(2) Address 

RUF Dual-port RAM R/W R/W DOOOO to 

in 64 KB mode DFFFF 

BUF Dual-port RAM R/W B/W 08000 to 

in ~2 KB mode DBFFF 

ROM Diagnostics/ R B/W DCOOO to 

remote hoot DFFFF 

( 1 ) Read/wnte 
(2) Byte/word 
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• Device Mapping 

Table C-5. System Memory Map (Token Ring) 

Address 
Range (in hex) Fund ion Size Shadow Cache WP[2J 
0010 0000 to Extended 47 MB No Yes( I) No 
02FF FfFF memory 

OOOF 000010 System BIOS/ 64 KR Yes( I l Yes( I) Yes 
OOOF FFFF SCSI BIOS 

OOOE 0000 to System BIOS 64KB Yes( I) Yes( I) Yes 

OOOE FPFF Setup/EMS 

OOODOOOOto Not uscd(3) 56KB No No No 
OOOD DFFF 

OOOD EOOOto Token ring LAN 8 KB No No No 
OOOD FI~FF boot(4) 

oooc 800010 Video buffer .l2 KB No No No 
OOOC FFFF 

OOOC 0000 to Video BIOS -~2 KB Yes( I) Yes( I) No 
OOOC 7fFF 

OOOA 0000 to Video RAM 128 KB No No No 
OOOB FFFF 

0000000010 Base memory 640KB No Yes( I) No 
0009 FFFF 

( 1) Can also be disabled 
(2) Write protected (not cached in the lntel486) 
(3) Can be used for DOS "load high" 
(4) Can be used for DOS "load high" alter LAN boot completes 
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Table C-6. 1/0 Address Map (Token Ring) 

C-6 

Range 
(in hex) 

000 to OOF 

020 to 03F 

040 to 043 

060 to 06F 

070 to 07F 

080 to 09F 

OAOtoOBF 

OCO toODF 

OE8 to OEB 

OEC 
OED 

OEE 

OEF 
OFO 

OF4 

OFS 

OFR 
OF9 

OFR 

Function 

DMA controller one 

Interrupt controller one 

Programmable interval timer 

Keyboard (61 port B> 

Real-time clock (RTC), NMI 

DMA page register 

Interrupt controller two 

OMA controller two 

Not used 

82344/82346 configuration index register 

82344/82346 configuration data port 

82346 fast A20 

82346 fast reset 

Not used 

82346 slow CPU 

82346 fast CPU 

Not used 

82346 configuration disahle 

82346 configuration enahle 

• 

• 

• 



Device Mapping 

Table C-6. 1/0 Address Map (Token Ring) (continued) 

Range 
(in hex) Function 

OFC to OFF Reserved for numeric coprocessor 

170 to 171 Secondary RTC (not used) 

lFO to 1F8 IDE controller 

200 to 20C LAN registers 

280 to 2BF Intelligent graphics controller registers 

2F8 to 2FF COM2 

340 to 35C SCSI registers 

278 to 37F LPTl 

380 to 30F VGA registers 

3CO to 3CF Registers 

3FC "I 3F7 Fi,;pry disk controller 

JF8 to 3FF Corona conl1gmation port I (COMl) 

• 800 Corona configuration port A (write/read) 

804 Corona configuration port B (read only) 

808 Corona configuration port C (write/reau) 

80C Corona configuration port D (write/read) 

A20 to A23 Token ring LAN 

AJO to AJF Token ring LAN 

46E8 VGA enable register 
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C-8 

Table CM7. System Interrupt Levels (Token Ring) 

Interrupt Interrupt Interrupt 
Priority Controller Number Source 

1 IRQO Timer tick 

2 IRQI Keyhoard controller 

J IRQ2 Cascade interrupt 

3 2 IRQ8 Real-time clock (RTC) 

4 2 IRQ9 Token ring LAN 

5 2 IRQIO TIGA video 

6 ., 
lRQl 1 SCSI interrupt ... 

7 2 IR()l2 Mouse interrupt 

8 2 IRQ13 Numeric coprocessor 

9 2 IR()l4 Hard disk drive 

IO ") IRQIS Reserved .... 

11 IR()3 COM2 

12 IRQ4 COMl 

13 IRQ5 LPT2 

14 IR()6 Floppy disk drive 

15 IRQ7 LPTI 

Table C-8. Token Ring Memory Map 

Mnemonic Function RfW(1) B/W(2) Address 

ROM 

' 1 ) Read/wnre 
(2) Byte/word 

Remote hoot R R/\V DEOOO to DFFFF 

• 

• 

• 



Device Mapping 

Ethernet Workstation OMA Device 
The floppy disk drive uses DMA request/acknowledge lines DRQ2/DACK2*. It is the 
only OMA device used. 

Token Ring Workstation OMA Device 
The floppy disk drive uses OMA request/acknowledge lines DRQ5/DACK5*. 
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A 
address generation, OMA controller, 4-9 
addresses, memory, 8-8 

B 
basic architecture 

cache mf'mory. 2 3 
coprocessor, 2-3 
CPU, 2-2 
microprocessor, 2-1. 2-2 
MMU, 2-2 

BIOS 
interrupt vector table, B- J 
routines, interrupt, B· l 
services, summary, B-S 

BIOS services 
diskette. B-11 
equipment list, B- IO 
fixed disk, B-12 
keyboard. B-14 
memory size, 8-10 
parallel printer, B-1-1, 
print screen. B-5 
serial communications. B-12 
system, B- 13 
time-of-day. B-15 
video, B-6 

bus controller, ISA, 4-1 

Index 

c 
cache memory, basic architecture, 2-3 
central processing core, 2-1 
clock, real-time, 4-18 
configuration ports 

description, 2-27 
control register A, bit assignments, 4-20 
control register B. bit assignments, 4-21 
control register C bit assignments, 4 21 
control register D, bit assignments, 4-22 
controller 

823411 system, 4-23 
interrupt, 4-13 
ISA bus, 4-1 

coprocessor, basic architecture, 2-3 
counter/timer, 4- 16 
CPU. basic architecture, 2-2 

D 
data buffer, ISA hus, 4-22 
description, functional 

corona, I -6 
external cache, 1-6 
floppy controller, I -7 
1/0 ports, I · 7 
ISA bus controller, 1-6 
microprocessor, 1-4 
peri phera I controller. I -7 
ROM, l-6 
SCSI controller, 1-7 

device drivers, 10-38 
device mapping, C- I 
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Index 

diskette service, B-11 
DMA <:(mtroller 

address generation, 4-9 
latches 

m. Jdle address bit, 4-7 
registers 

address, 4-7 
controller. 4-7 
index configuration, 4-6 
page, 4-8 

DMA devices 
ethemet, C-9 
token ring, C-9 

DRAM. 3-3 

E 

refresh timing, 3-6 
timing parameters, 3-5 

environmental. specificatwns, A-3 
equipment list service, B-10 
ethemet LAN 

addresses, 8-5 
buffer, data, 8-4 

buffer. network. 8-3 
interface 

ISA bus. 8-3 
thinwire, 8-3 

memory addresses, 8-8 
multiplexer, address. 8-3 
network controller. 8-3 
register5, 8-5 

NICSR. 8-7 
RAP, 8-8 
RDP, 8-7 
system board configuration, 8-6 

ROM, data link layer. 8-4 
ethemet LAN memory map, C-1 

IN-2 

ethemet workstation 
description, i - I 
system board layout, 1-2 

ethemet LAN 
interface 

twisted pair, 8-3 
expansion hox, specifications, physical, A-3 

external cache 
signal definitions, 2-16 

F 
fast-page mode, 3-4 

fixed disk service, B-12 
tloppy disk controller 

addresses, 7-4 
functional description, 7-1 
registers 

configuration C1)ntrol, 7-7 
data, 7-7 
data rate selection, 7-6 
digital input, 7-7 
digital output, 7-5 
main status. 7 -6 

frame buffer. 10-39 
frame grab logic, VGA, 10-38 
frame ratr. 10-38 
functional drscription 

82346 system controller, 4-23 
counter/timer, 4-16 
DMA address generation, 4-9 
Dl\1A cnntroller. 4-4. 4-6 
ethemrt LAN. 8-1 
floppy disk controller. 7-1 
interrupt controller, 4-13 
JSA bus controller. 4- l 
peripheral controller, 5-1 
power supplies. 11-1 
RTC. 4-18 
SCSI controller, 6-1 

• 

• 

• 



• 

• 

G 
grapliics processor 

DRAM, 10-8 
frame buffer, 10-8 

software. I 0- 15 
graphics system processor, I0-5 
USP 

I 

DRAM, 10-38 
operation, 10-37 

1/0 address map 
ethernet, C-2 
token ring, C-6 

indicators. system status. I -7 
inte '1 igent graphics controller. JO- I 

hardware descriptions, I0-3 
interl('aving, memory. 3-4 
intrrrnpt 

video, 10-36 
intermpt controller 

functional description, 4-13 
interrupt levels, 4- 15 
registers, addresses, 4-14 

interrupt levels, 4-15 
interrupt levels. system 

ethemet, C-4 
token ring, C-8 

ISA hus connl'clors. 10-11 
ISA bus data buffer, 4-22 

K 
keyboard service, B-14 

L 
LAN 

ethemet functional description, 8-1 
token ring functional description. 9-1 

LED indicators. I -7 

M 
mapping, memory, 3-3 
memory 

mapping, 3-3 
system board, 3-1 

memory map, system 
ethemct, C- 1 
token ring. C-5 

memory size service, B-10 
microprocessor 

basic architecture, 2-1, 2-2 
modes of operation, 2-3 
signal definitions, 2-3 

Mf\.tu, basic architecture, 2-2 
monitor connector, pin assignment, 10-13 
monitor timing sync, 10-39 

0 
operation 

CISP, 10-]8 

VGA. 10-J8 
V(iA frame grab logic IO- 38 

operation. microprocessor modes, 2-., 

Index 

IN-3 



Index 

p 
parallel printer service, B-14 
periphtrai controller 

bus interface control, 5-9 
chip select, addresses, 5-9 
funrtional description, 5-1 
kbd/mouse 

addresses, 5-11 
command set, 5-13 
functional description, 5-10 
protocol, 5-10 
registers, 5-11 

parallel port 
functional description, 5-6 
headers, 5-8 
registers, 5-6 

serial pons 
functional description, 5-1 
headers, 5-5 
registers, 5-3 

pixel replication, I0-39 
power supply 

specifications, 11-1 
power suppy 

specifications !05 Watt, 11-1 
specifications 63 Watt, 11-1 

print screen service, B-8 
programmable registers, video, 10-20 

R 
RAMDAC. 10-9 
rate 

frame, I0-39 
update, 10-39 

refresh, DRAM timing, 3-7 
replication, pixel, 10-39 
RTC, 4-18 

addresses, 4-19 
registers, 4-19 

RVGA I ASIC, 10-19 

IN-4 

s 
SCSI controller 

description, 1-7 
functional description, 6-1 
registers, 6-4 

burst control, 6-19 
clear errors, 6-15 
clear int 0, 6- 11 
clear int I, 6-13 
data bus, 6-9 
data port high/low, 6-18 
DMA control 0, 6-16 
DMA control l, 6-17 
DMA status, 6-17 
FIFO status. 6-18 
ID, 6-8 
interrupt mode 0, 6- l S 
interrupt mode 1, 6-16 
latched data, 6-9 
rate control, 6-7 
selection/reselection ID, 6-8 
sequence control, 6-4 
signal in, 6-6 
signal out, 6-7 
stack (35DH), 6-19 
status 0, 6- l 0 
status I, 6- 12 
status 2, 6- 18 
status 3, 6- ! 4 
status 4, 6-14 
transfer control 0, 6-5 
transfer control I. 6-6 
transfer count, 6-10 

serial communications service, B-12 
signal definitions 

external cache, 2-16 
microprocessor, 2-3 

• 



• 

• 

spe<.:111cations 
current, system board, A-5 
environmental, A-3 
physical. expansion box, A-3 
physical, system box, A-3 
power, expansion box, A-4 
power, system box, A-4 
system. A-I 
system board, A-I 
video board, A-3 

specifications, power supplies, 11-1 
subsystem 

GSP, 10-37 
VGA, I0-38 

synchronization, monitor timing, I0-39 
system 

interrupt levels 
ethemet, C-4 
token ring, C-7 

memory map 
ethernet, C-1 
token ring. C-5 

system board 
current requirements, A-5 
memory. 3-1 
specifications. A-1 

system controller 
addresses. 4-26 
halt/shutdown detection. 4-26 
interface 

comm channel, 4-25 
microprocessor. 4-25 

system memory 
DRAM. ~~-3 
DRAM refresh, 3-7 
fast-page mode, 3-4 
interleaving. 3-4 
mapping, 3-3 

system box, specifications, physical, A-4 
system service, B-13 
system status, indicators, I -7 

T 
thinwire interface 

ethernet LAN, 8-3 
time-of-day 

addresses, 4- 19 
registers, 4-19 

time-of-day service, B-15 
timer, 4-16 
timing parameters, DRAM, 3-5 
TMS34020, l0-5 
TMS34082 coprocessor, 10-15 
token ring LAN 

description, 9-1 
functional description, 9-1 
1/0 registers, 9-5 
interface. 9-4 
ISA bus interface, 9-3 
modes. 9-1 

token ring LAN memory map, C-S 
token ring workstation 

description, 1-1 
system board layout, 1-3 

twisted pair interface 
ethemet LAN, 8-3 

u 
update rate, 10-39 

v 
VGA 

BIOS, 10-19 
frame buffer, I 0-19 
frame grab interface, 10-19 
frame grab logic, 10-39 
frame grabber, 10-19 
subsystem. I 0-39 

Index 

IN-5 



Index 

video 
intern: pt, 10-36 
programmable registers, 10-20 

video board. I 0-1 
specifications, A-3 

video modes, I 0- I 
video select switch, I 0-14 
video service, B-6 
VRAM, 10-39 

IN-6 

• 

• 

• 


