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intal.
tel INTEL 82420 PCI’set

Intel’s 82420 PClset enables workstation level of performance for Intel486™ CPU desktop systems. The
Peripheral Component Interconnect Bus (PCl) is driving a new architecture for PC’'s—eliminating the 170
bottleneck of standard expansion busses. PCl provides a glueless interface for high performance peripherals
such as LAN, SCS|, graphics and video to be placed onto a fast local bus. By utilizing this technology and
incorporating read/write bursts along with write buffers into the 82420 PClset, a new level of PC graphics is
now possible for today’s Intel486 CPU desktop systems.

The Intel 82420 PClset is comprised of three components: the 82424TX Cache DRAM Controller (CDC), the
82423TX Data Path Unit (DPU), and the 82378IB System 1/0 (SIO). The CDC and DPU provide the core
system architecture while the SIO is a PCI master/slave agent which bridges the core architecture to the ISA
standard expansion bus. Intel also offers two components, the 82374EB (ESC) and 82375EB (PCEB), that
work in conjunction to bridge the PCI bus to the EISA expansion bus. Refer to the ESC and PCEB data sheets
for information regarding the EISA bridge components.

The chip set supports the Intel486 family as well as the write-back caching capability of Intel's future
OverDrive™ processor for the Intel486 DX2. The high performance memory subsystem supports 4-1-2-1
DRAM accesses at 33 MHz and concurrent operation between PCl bus masters while the CPU accesses
memory. An integrated second level cache can be programmed for write-through or write-back operation.

Intel 82420 PClset
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i486™ DX2 ive™
1486™ DX/SX OverDrive |64KB - 512KB

-

i Tsyzgzng‘ DRAM
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VIDEO scsi LAN
SI0
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ISA Expansion Butfers E
<:h ISA Bus H]< X-Bus >

2804671

intel486 SX, Intel486 DX, Intel486 DX2, and OverDrive are trademarks of Intel Corporation.
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INTEL 82420 PClset OVERVIEW

Product Highlights

82424TX—Cache DRAM Controller
(CDC)

m Concurrent Linefill during Copyback
Cycles

m Supports Intel486 CPU Family and
OverDrive Processors

m Supports Future OverDrive Upgrade
Processor in Write-Back Cache Mode

m 64K-512K Level 2 Cache Support

B Level 2 Cache Configurable as Write-
Back or Write-Through

m 208-Pin QFP Package

82423TX—Data Path Unit (DPU)

m Highly Integrated

m Four Dword Write Buffers

m Zero Wait States for CPU Write Cycles
m PCI Burst Write Capability

m 160-Pin QFP Package

Product Description

The 82424TX Cache DRAM Controller (CDC) is a
single-chip bridge from the CPU to the PCl bus. It
provides the integrated functionality of a second lev-
el cache controller, a DRAM controller, and a PCI
bus controller. It also features an optimized memory
subsystem. The CDC is a dual ported device with
one port as the host port and the other as the PCI
port.

The 82423TX Data Path Unit (DPU) integrates the
host data, memory data, and PCl data interface,
DPU control/parity and four deep posted write

823781B—System 1/0 Component
(S10)

m Supports Fast DMA Type A, B, or F
Cycles

Supports DMA Scatter/Gather
Arbitration Logic for Four PCl Masters
Reusable across Multiple Platforms
Directly Drives Six External ISA Slots

Integrates Many of Today’s Common
1/0 Functions

208-Pin QFP Package

buffers. With glue and buffers integrated directly into
the DPU, the Intel 82420 PClset reduces board
space requirements. The DPU’s posted write buffers
allow CPU write cycles to be executed as 0 wait
states.

The 82378IB System 1/0 (SIO) is a dual ported de-
vice which acts as a bridge between the PClI and
standard ISA 1/0 bus. This component can be used
with future Intel PCisets. The SIO integrates the
functionality of an ISA controller, PCi controller, fast
32-bit DMA controller, and standard system /O
functions.
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ADVANGCE INFORMATION

82430 PClset
FOR THE PENTIUM™ PROCESSOR

Supports the Pentium™ Processor at
60 MHz or 66.667 MHz

Interfaces the Host and Standard

Buses to the Peripheral Component

Interconnect (PCI) Local Bus Operating

at 30 MHz or 33.33 MHz

— Up to 132 Mbytes/sec Transfer Rate

~ Full Concurrency between CPU Host
Bus and PCI Bus Transactions

Integrated Cache Controller Provided
for Optional Second Level Cache

— 256 Kbyte or 512 Kbyte Cache

— Write-Back or Write-Through Policy
— Standard or Burst SRAM

Integrated Tag RAM for Cost Savings
on Second Level Cache

Provides a 64-Bit Interface to DRAM

Memory

— From 2 Mbytes to 192 Mbytes of
Main Memory

— 70 ns and 60 ns DRAMs Supported

Supports the Pipelined Address Mode
of the Pentium Processor for Higher

m Optional ISA or EISA Standard Bus

Interface

— Single Component ISA Controlier

— Two Component EISA Bus Interface
— Minimal External Logic Required

Supports Burst Read and Writes of
Memory from the Host and PCl Buses

Five Integrated Write Posting and Read
Prefetch Buffers Increase CPU and PCI
Master Performance

Host CPU Writes to PCI in Zero Wait
State PCI Bursts with Optional TRDY #
Connection

Integrated Low Skew Host Bus Clock
Driver for Cost and Board Space
Savings

PCiset Operates Synchronous to the
66.667 MHz CPU and 33.33 MHz PCI
Clocks

Byte Parity Support for the Host/PCi

and Main Memory Buses

— Optional Parity on the Second Level
Cache

Performance

The 82430 PClset provides the Host/PCI bridge, cache/main memory controller, and an 1/0 subsystem core
(either PCI/EISA or PCI/ISA bridge) for the next generation of high-performance personal computers based
on the Pentium microprocessor. System designers can take advantage of the power of the PCI (Peripheral
Component Interconnect) bus for the local 1/0 while maintaining access to the large base of EISA and ISA
expansion cards, and corresponding software applications. Extensive buffering and buffer management within
the bridges ensures maximum efficiency in all three bus environments (Host CPU, PCI, and EISA/ISA Buses).

The 82430 PClset consists of the 82434LX PCl/Cache/Memory Controller (PCMC) and the 82433LX Local
Bus Accelerator (LBX) components, plus, either a PCI/ISA bridge or a PCI/EISA bridge. The PCMC and LBX
provide the core cache and main memory architecture and serve as the Host/PCl bridge. For an ISA-based
system, the 82430 PCliset includes the 82378IB System |/0 (SIO) component as the PCI/ISA bridge. For an
EISA-based system, the 82430 PClset includes the 82375EB PCI/EISA Bridge (PCEB) and the 82374EB EISA
System Component (ESC). The PCEB and ESC work in tandem to form the complete PCI/EISA bridge. Both
the ISA and EISA-based systems are shown on the following pages.

Pentium is a trademark of Intel Corporation.

March 1993
3 Order Number: 290481-001
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82430 PClset ISA Block Diagram
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82430 PClset EISA Block Diagram
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intal. |
82434LX
PCI/CACHE/MEMORY CONTROLLER (PCMC)

m Supports the 64-Bit Pentium™ m Integrated DRAM Controller
Processor at 60 MHz and 66.667 MHz -~ Supports 2 MBytes to 192 MBytes of
inali Cacheable Main Memory
m Supports Pipelined Addressin .
Ca:gbility o’f) the Pentium 9 — Supports DRAM Access Times of
70 ns and 60 ns

M_icroprocessor — CPU Writes Posted to DRAM at
m High Performance CPU/PCl/Memory 4-1-1-1
Interfaces via Posted-Write/Read- — Refresh Cycles Decoupled from ISA
Prefetch Buffers Refresh to Reduce the DRAM
m Fully Synchronous 33.33 MHz PCI Bus Access Latency
Interface with Full Bus Master — Refresh by RAS #-Only, or CAS #-
Capability before-RAS #, in Single or Burst of
m Supports the Pentium Processor Cache Four .
(First Level Cache) in either Write- = Host/PCl Bridge )
Through or Write-Back Mode — Translates CPU Cycles into PCl Bus
. Cycles
u Przg;?g\sm;blei Attr;but; Mtap of DOS — Translates Back-to-Back Sequential
::‘ iDilt egions for System CPU Writes into PCI Burst Cycles
exibility — Burst Mode Writes to PCI in Zero PCI
m Integrated Low Skew Clock Driver for Wait States (i.e., Data Transfer Every
Distributing 66.667 MHz Clock Cycle)
: — Full Concurrency between CPU-to-
m g‘;ﬁg::ﬁ:‘: Second Level Cache Main Melpory and PCIl-to-PCI
— Integrated Cache Tag RAM :"I’l“g““"s bet CPU-t
— Write-Through and Write-Back Cache — rufl Loncurrency between L J-to-
Modes Second Level Caqhe and PCl-to-Main
— Direct-Mapped Organization hsnemory Tragsa:tlonsd M
— Supports Standard and Burst SRAMs — Same Core Cache and Memory
— 256 KByte and 512 KByte Sizes System Logic DGSign for ISA or EISA
— Cache Hit Cycle of 3-1-1-1 on Reads gVSt:“‘ss Filter E Dat
and Writes Using Burst SRAMs o atstenes for PCl-to-Main Mo
— Cache Hit Cycle of 3-2-2-2 on Reads Tonslste_ncy or PCl-to-Main Memory
and 4-2-2-2 on Writes Using ransactions
Standard SRAMs m PCMC (208-Pin QFP) Uses 5V CMOS

Technology

The 82434LX PCl, Cache, Memory Controller (PCMC) integrates the cache and main memory DRAM control
functions and provides the bus control for transfers between the CPU, cache, main memory, and the Peripher-
al Component Interconnect (PCI) Local Bus. The cache controller supports both write-through and write-back
cache policies and cache sizes of 256 KBytes and 512 KBytes. The cache memory can be implemented with
either standard or burst SRAMs. The PCMC cache controller integrates a high-performance Tag RAM to
reduce system cost. Up to twelve single-sided SIMMSs or six double-sided SIMMs provide a maximum of 192
MBytes of main memory. The PCMC is intended to be used with the 82433LX Local Bus Accelerator (LBX).
The LBX provides the Host-to-PCl address path and data paths between the CPU/cache, main memory, and
PCI. The LBX also contains posted write buffers and read-prefetch buffers. Together, these two components
provide a full function data path to main memory and form a PCI bridge to the Host subsystem (CPU/cache).
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ADVANCE INFORMATION

PCMC Block Diagram

A[31:3] € l«—|—p C/BE[3:0}#

BE[7:01# — 4——» FRAME#
ADS# —1P 4——» TRDY#
D/IC# —P 4——> IRDY#
M/IO# ———P 4——» STOP#
W/R# —— <4—1—» PLOCK#

BRDY# < 4——— MEMCS#

PCl ' ¢——» DEVSEL#
PEN# < — Interface

PCHK# —|  Host 4——— MEMREQ#

EADS# < Interface | €— ¢——» PAR

HITME —t—p ¢4—1—p PERR#

&——» SERR#

BOFF# «

AHOLD < > REQ#
NA# < 4——— GNT#
KEN# <» "_— FLSHBUF#
INV < P MEMACK#

CACHE# —1—p

HLOCK# —— €«—]— PWROK

SMIACT# ——p > CPURST
» INIT

CADV[1:0}# < Reset &1 HCLKOSC
CALE < | and [¢— HOLKN

COE[1:0}# < Cache Clock » HCLKIA:F]
CWE[7:0}# < Interface | <¢— 4——— PCLKIN

CADS[1:0)# < » PCLKOUT

CAA[6:3] ¢ » PCIRST#

CAB[6:3] ¢ 4——— TESTEN
WE# <« 4——— PPOUT[1:0]

RAS[5:0l# « DRAM P MIG[2:0]
CAS[7:0[# ¢ Interface |4 ——> A2:0]
MA[10:0] < LBX P> HIG[4:0]
—p| Interface > PIG[3:0]
» DRVPCI
» MDLE
4——— EOL
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ADVANCE INFORMATION

82433LX
LOCAL BUS ACCELERATOR (LBX)

Supports the Full 64-Bit Pentium™
Processor Data Bus at 66.667 MHz

Provides a 64-Bit Interface to DRAM
Memory and a 32-Bit Interface to PCI

Five Integrated Write Posting and Read

Prefetch Buffers Increase CPU and PCI

Master Performance

— CPU-to-Memory Posted Write Buffer
4 Quadwords Deep ‘

— PCi-to-Memory Posted Write Buffer
Two Buffers, 4 Dwords Each

-~ PCl-to-Memory Read Prefetch Buffer
4 Quadwords Deep

— CPU-to-PCI Posted Write Buffer
4 Dwords Deep

— CPU-to-PCI Read Prefetch Buffer
4 Dwords Deep

Host-to-Memory and Host-to-PCl Write
Posting Buffers Permit Near Zero Wait
State Write Performance

Dual-Port Architecture Allows
Concurrent Operations on the Host and
PCI Buses

m Operates Synchronous to the

66.667 MHz CPU and 33.33 MHz PCI
Clocks

Supports Burst Read and Writes of
Memory from the Host and PCl Buses

Host CPU Writes to PCI in Zero Wait
State PCI Bursts with Optional TRDY #
Connection

Byte Parity Support for the Host and

Memory Buses

— Optional Parity Generation for Host
to Memory Transfers

— Optional Parity Checking for the
Secondary Cache Residing on the
Host Data Bus

— Parity Checking for Host and PCl
Memory Reads

— Parity Generation for PCl to Memory
Writes

m 160-Pin QFP Package
m 5V CMOS Technology

Two 82433LX Local Bus Accelerator (LBX) components provide a 64-bit data path between the Host CPU/
cache and main memory, a 32-bit data path between the Host CPU and Peripheral Component Interconnect
(PCl) Local Bus, and a 32-bit data path between the PCl bus and main memory. The dual-port architecture
allows concurrent operations on the Host and PCl Buses. The LBXs incorporate three write posting buffers
and two read prefetch buffers to increase Pentium processor and PCl Master performance. The LBX supports
byte parity for the Host and main memory buses. The LBX is intended to be used with the 82434LX PCIl/
Cache/Memory Controller (PCMC). During bus operations between the Host, main memory, and PCl, the
PCMC commands the LBXs to perform functions such as latching address and data, merging data, and
enabling output buffers. Together, these three components form a “*host bridge” which provides a full function
dual-port data path interface, linking the Host CPU and PCI bus to main memory.
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LBX Block Diagram
LBX
PCI <4— AD[15:0]
INTERFACE
D[31:0) «——— TRDY#
HOST
A[15:0) «—»| INTERFACE
HP[3:0] ¢——— M"E”a'c’)“m —— MD[31:0]
INTERFACE |€¢—» MP[3:0]
HCLK ma 4T— HIG[4:0]
PCLK > <T—— MIG[2:0]
< RESET <4+—— MDLE
. and INTE Cx-'ice - — ,
LP2 H»{  CLOCK E PIG[3:0]
RESET > <4—— DRVPCI
TEST > <+—— EOL
TSCON > <«— PPOUT
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82375EB
PCI/EISA BRIDGE (PCEB)

m Provides the Bridge between the PCI * m 32-Bit Data Paths

Bus and EISA Bus ® Integrated EISA Data Swap Buffers
m 100% PCI and EISA Compatible PR
— PCI and EISA Master/Slave Interface " fgﬁ':;g’:t‘sfg?xpgép ;I:i:t?s

— Directly Drives 10 PCI Loads and 8 —Ei 3 i
EISA Slots Fixed, Rotating, or a Combination of

— Supports PC at 25 MHz to 33.33 MHz the Two -
m PCl and EISA Address Decoding and
m Data Buffers Improve Performance Mapping :

—_— FOUI’ 32‘Bit PCl-tO-EISA Posted Write — Positive Decode of Main Memory

Buffers # .
—Four 16-Byte EISA0-PCI Read/Write __poce procracmable PG| Momory
Line Buffers

Space Regions

— EISA-to-PCl Read Prefetch — Four Programmable PCI 1/0 Space

— EISA-to-PCI and PCI-to-EISA Write

Regions
Posting P ble Main M Add
B Data Buffer Management Ensures Data u D:::gor;r:;n able Main Memory ress
Coherency — Mai .
— Flush Posted Write Buffers B2 MBS up to

— Flush or Invalidate Line Buffers

- Instruct All PCI Devices to Flush
Buffers Pointing to PCI Bus before
Granting EISA Access to PCI

® Burst Transfers on both the PCl and
EISA Buses

-~ Access Attributes for 15 Memory
Segments in First 1 MByte of Main
Memory

— Programmable Main Memory Hole

m Integrated 16-Bit BIOS Timer
B 208-Pin QFP Package
m 5V CMOS Technology

The 82375EB PCI-EISA Bridge (PCEB) provides the master/slave functions on both the Peripheral Compo-
nent Interconnect (PCl) Local Bus and the EISA Bus. Functioning as a bridge between the PCl and EISA
buses, the PCEB provides the address and data paths, bus controls, and bus protocol translation for PCl-to-
EISA and EiSA-to-PCl transfers. Extensive data buffering in both directions increases system performance by
maximizing PCl and EISA Bus efficiency and allowing concurrency on the two buses. The PCEB’s buffer
management mechanism ensures data coherency. The PCEB integrates central bus control functions includ-
ing a programmable bus arbiter for the PCl Bus and EISA data swap logic for the EISA Bus. Integrated system
functions include PCI parity generation, system error reporting, and programmable PC| and EISA memory and
I/0 address space mapping and decoding. The PCEB also contains a BIOS Timer that can be used to
implement timing loops. The PCEB is intended to be used with the EISA System Component (ESC) to provide
an EISA 1/0 subsystem interface.

10
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PCEB Block Diagram
PCICLK BCLK
Data .
PCIRST# Buffers » START#
AD[31:0] <« CMD#
C/BE[3:0}# < > MIO#
FRAME# <« > W/R#
TRDY# <« PCI EISA » EXRDY
IRDY# < Interface Interface! > EX32#
< EISA
STOP# <« — EX16#
PLOCK# < Sgg;f;“" <! » MSBURST#
IDSEL » SLBURST#
DEVSEL# < > LOCK#
PAR <« » BE[3:0]#
PERR# <« > LA[B1:2)
REFRESH#
< PCI EISA » SD[31:0)
oECH || Adeross Sut
Decoder wap
BIOS Logic
Timer
CPUREQ#
cpgc;g:: < EISAHOLD
GNT1#/RESUME# < : > EISAHOLDA
» PEREQ#/INTA#
REQO#/PCEBGNT# PCI > NMFLUSH#
GNTO#/PCEBREQ# <411 Arpiter PCEB/ SDCPYENO1#
REQ[3:21# — ESC SDCPYENO2#
GNT[3:2}# < Interface SDCPYENO3#
SDCPYEN13#
MEMREG# < SDCPYUP
FLSHREQ# < SDOE[2:0}#
MEMACK# SDLE[3:0}#
INTCHIPO
TEST# Test
ISA .
Interface > lo16#
290481-5
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ADVANGE INFORMATION

82374EB
EISA SYSTEM CONTROLLER (ESC)

Integrates EISA Compatible Bus

Controller

- Translates Cycles between EISA and
ISA Bus

— Supports EISA Burst and Standard
Cycles.

— Supports ISA No Wait State Cycles

— Supports Byte Assembly/
Disassembly for 8-Bit, 16-Bit and
32-Bit Transfers

— Supports Bus Frequency up to
8.33 MHz

Supports Eight EISA Slots

— Directly Drives Address, Data and
Control Signals for Eight Slots

— Decodes Address for Eight Slot
Specific AENs

Provides Enhanced DMA Controller

~— Provides Scatter-Gather Function

- Supports Type A, Type B, Type C
(Burst), and Compatible DMA
Transfers

— Provides Seven Independently
Programmable Channels

— Integrates Two 82C37A Compatible
DMA Controllers

Provides High Performance Arbitration

— Supports Eight EISA Masters and
PCEB

— Supports ISA Masters, DMA
Channels, and Refresh

- Provides Programmable Arbitration
Scheme for Fixed, Rotating, or
Combination Priority

Integrates Support Logic for X-Bus

Peripherals and More

— Generates Chip Selects/Encoded
Chip Selects for Floppy and
Keyboard Controller, IDE,
Parallel/Serial Ports, and General
Purpose Peripherals

— Provides Interface for Real Time
Clock

— Generates Control Signals for X-Bus
Data Transceiver

— Integrates Port 92, Mouse Interrupt,
and Coprocessor Error Reporting

Integrates the Functionality of Two

82C59 Interrupt Controllers and Two

82C54 Timers

— Provides 14 Programmable Channels
for Edge or Level Interrupts

— Provides 4 PCI Interrupts Routable
to Any of 11 Interrupt Channels

— Supports Timer Function for Refresh
Request, System Timer, Speaker
Tone, Fail Safe Timer, and Periodic
CPU Speed Control

Generates Non-Maskable Interrupts
(NMI)

— PCIl System Errors

—PCI Parity Errors

— EISA Bus Parity Errors

— Fail Safe Timer

— Bus Timeout

— Via Software Control

Provides BIOS Interface

— Supports 512 KBytes of Flash or
EPROM BIOS on the X Bus

— Allows BIOS on PCI

— Supports Integrated VGA BIOS

B 208-Pin QFP Package
m 5V CMOS Technology

The 82374EB EISA System Component (ESC) provides all the EISA system compatible functions. The ESC,
with the PCEB, provudes all the functions to |mp|ement an EISA to PCI brldge and EISA 1/0 subsystem. The
ESC integraies the common i/0 funciions found in ioday’s EiSA based PC systems. The ESC incorporates the
logic for an EISA (master and slave) interface, EISA Bus Controller, enhanced seven channel DMA controller
with Scatter-Gather support, EISA arbitration, 14 channel interrupt controller, five programmable timer/coun-
ters, and non-maskable interrupt (NMI) control logic. The ESC also integrates support logic to decode periph-
eral devices such as the Flash BIOS, Real Time Clock, Keyboard/Mouse Controller, Floppy Controller, two
Serial Ports, one Parallel Port, and IDE Hard Disk Drive.

12
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intal. 82430 PClset
ESC Block Diagram
PCICLK —¥  pg 4 — BCLKOUT
PERR¢ —B g5 [4—P 4— BCLK
SERR# —B |eoriace <€ | A[31:27}#/CPG[4:0]
RESET# — €D LA[26:24)#
4 LA[23:2]
EISAHOLD «¢— 4P BE[3:0}#
EISAHLDA —p > 104
PEREQ#/INTA# —P EISA |4 W/R#
NMFLUSH# <4 ESC/ | B:s 4P £x304
nterface (4> EX16#
SDCPYEN[133:1]4 —| PCEB [ € START#
SDCPYUP Interface — CMD#
SDOE[2:0)# <4 cxrDY
SDLE[3:0)# SLBURST#
<> 4 MSBURST#
INTCHIPO MASTER16#
SD[7:0]
SPKR €¢—
SLOWH# 4—| Timers ‘> «—> L—b BALE
€ SA[1:0]
IRQ[15:9,7:3,1] —» l¢—) SBHE#
IRQ8# —p Interrupt DR <> M16#
INT €— Controller 4 1016#
NMI <€— € MRDC#
€ MWTC#
LASAOE# «¢—] PR
SALAOE# <— e
fenns ¥ <4 CHRDY
IGNNE# <4— Integrated IOCHK#
LBIOSCS# €— sypport > Nower
KYBDCS# 4— A
LOgIC ‘— 0SsC
ALTRST# <€— > SorRESHE
ALTA20 < ' RSTDRV
ABFULL —P e
2;8,’:;?, :: — DMA __|4— DREQ[7:5,3:0]
—» DACK[7:5,3:0]
RTCWR# €— <4—» Controller
FDCCS# 4] ws-G [¢PEOP
Bf.'é‘i.'}?, | €— MREQ[7:4]#/PIRQ[O:3)#
CRAMRD# P EIS.A I MREQI[3:0)#
CRAMWR# € Arbiter P> MACK[3:0[#/EMACKI3:0]
XBUSTR# €
XBUSOE#
GPCS[2:0#/ECS[2:0] €— <4—»  Test |€4— TEST
AEN[4:1)/EAEN[4:1] €— v

200481-6

13




intal.

ADVANCE INFORMATION

823781B
SYSTEM 1/0 (SIO)

Provides the Bridge between the PCI
Bus and ISA Bus

100% PCI and ISA Compatible
— PCl and ISA Master/Slave Interface
— Directly Drives 10 PCl Loads and 6
ISA Slots
— Supports PCI at 25 MHz and
33.33 MHz
— Supports ISA from 6 MHz to
8.33 MHz

Enhanced DMA Functions

— Scatter/Gather

— Fast DMA Type A, B, and F

— Compatible DMA Transfers

— 32-Bit Addressability

— Seven Independently Programmable
Channels

— Functionality of Two 82C37A DMA
Controllers

Integrated Data Buffers to improve

. Performance

-- 8-Byte DMA/ISA Master Line Buffer

— 32-Bit Posted Memory Write Buffer
to ISA

Integrated 16-Bit BIOS Timer

Arbitration for PCl Devices

- Four PCI Masters Are Supported

— Fixed, Rotating, or a Combination of
the Two

Arbitration for ISA Devices
— ISA Masters
--DMA and Refresh

Utility Bus (X-Bus) Peripheral Support

— Provides Chip Select Decode

-~ Controls Lower X-Bus Data Byte
Transceiver

— Integrates Port 92, Mouse Interrupt,
Coprocessor Error Reporting

Integrates the Functionality of One
82C54 Timer

— System Timer

— Refresh Request

— Speaker Tone Output

Integrates the Functionality of Two
82C59 Interrupt Controllers
— 14 Interrupts Supported

Non-Maskable Interrupts (NMl)
— PCl System Errors
— ISA Parity Errors

208-Pin QFP Package
5V CMOS Technology

The 82378IB System 1/0 (SIO) component provides the bridge between the PCl local bus and the ISA
expansion bus. The SIO also integrates many of the common 1/0 functions found in today’s ISA based PC
systems. The SIO incorporates the logic for a PCl interface (master and slave), ISA interface (master and
slave), enhanced seven channel DMA controller that supports fast DMA transfers and Scatter/Gather, data
buffers to isolate the PCI bus from the ISA bus and to enhance performance, PCI and ISA arbitration, 14 level
interrupt controller, a 16-bit BIOS timer, three programmable timer/counters, and non-maskable-interrupt
(NM!1) control logic. The SIO also provides decode for peripheral devices such as the Flash BIOS, Real Time
Clock, Keyboard/Mouse Controller, Floppy Controller, two Serial Ports, one Parallel Port, and IDE Hard Disk
Drive.
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EISA SYSTEM COMPONENT (ESC)

m Integrates EISA Compatible Bus

Controller _

- Translates Cycles between EISA and
ISA Bus

— Supports EISA Burst and Standard
Cycles

— Supports ISA No Wait State Cycles

— Supports Byte Assembly/
Disassembly for 8-, 16- and 32-Bit
Transfers

— Supports Bus Frequency up to
8.33 MHz

m Supports Eight EISA slots
— Directly Drives Address, Data and
Control Signals for Eight Slots
— Decodes Address for Eight Slot
Specific AENs

m Provides Enhanced DMA Controller

— Provides Scatter-Gather Function

— Supports Type A, Type B, Type C
(Burst), and Compatible DMA
Transfers

— Provides Seven Independently
Programmable Channels

~ Integrates Two 82C37A COmpatlbIe
DMA Controllers

m Provides High Performance Arbitration

— Supports Eight EISA Masters and
PCEB

— Supports ISA Masters, DMA
Channels, and Refresh

— Provides Programmable Arbitration
Scheme for Fixed, Rotating, or
Combination Priority

m Integrates Support Logic for X-Bus

Peripheral and More

— Generates Chip Selects/Encoded
Chip Selects for Floppy and
Keyboard Controller, IDE, Paraliel/
Serial Ports, and General Purpose
Peripherals

— Provides Interface for Real Time
Clock

— Generates Control Signals for X-Bus
Data Transceiver

— Integrates Port 92, Mouse Interrupt,
and Coprocessor Error Reporting

Integrates the Functionality of two

82C59 Interrupt Controllers and two

82C54 Timers

— Provides 14 Programmable Channels
for Edge or Level Interrupts

— Provides 4 PCI Interrupts Routible to
Any of 11 Interrupt Channels

— Supports Timer Function for Refresh
Request, System Timer, Speaker
Tone, Fail Safe Timer, and Periodic
CPU Speed Control

Generates Non-Maskable Interrupts
(NMI)

— PCI System Errors

— PCI Parity Errors

— EISA Bus Parity Errors

- Fail Safe Timer

— Bus Timeout

— Via Software Control

Provides BIOS Interface

— Supports 512 Kbytes of Flash or
EPROM BIOS on the X-Bus

— Allows BIOS on PCI

— Supports Integrated VGA BIOS

m 208-Pin QFP Package

The 82374EB EISA System Component (ESC) provides all the EISA system compatible functions. The ESC
with the PCEB provide all the functions to implement an EISA to PCI bridge and EISA I/0 subsystem. The ESC
integrates the common 170 functions found in today’s EISA based PC systems. The ESC incorporates the
logic for a EISA (master and slave) interface, EISA Bus Controller, enhanced seven channel DMA controller
with Scatter-Gather support, EISA arbitration, 14 channel interrupt controller, five programmable timer/coun-
ters, and non-maskable-interrupt (NMI) control logic. The ESC also integrates support logic to decode periph-
eral devices such as the Flash BIOS, Real Time Clock, Keyboard/Mouse Controller, Floppy Controller, two
. Serial Ports, one Parallel Port, and IDE Hard Disk Drive.

Manufactured and tested for Intel Corporation by LS! Logic in accordance with LSI's internal standards.
Windows® is a registered trademark of Microsoft Corporation.
Win-NT™™ is trademarked by Microsoft Corporation.

April 1993
17 Order Number: 290476-001
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1.0 ARCHITECTURAL OVERVIEW

The PCI-EISA bridge chip set provides an 1/0 sub-
system core for the next generation of high-perform-
ance personal computers (e.g., those based on the
Intel486™ or Pentium™ CPU). System designers
can take advantage of the power of the PCI (Periph-
eral Component Interconnect) for the local 1/0 bus
while maintaining access to the large base of EISA
and [SA expansion cards, and corresponding soft-
ware applications. Extensive buffering and buffer
management within the PCI-EISA bridge ensures
maximum efficiency in both bus environments.

The chip set consists of two components—the
82375EB, PCI-EISA Bridge (PCEB) and the
82374EB, EISA System Component (ESC). These
components work in tandem to provide an EISA 1/0
subsystem interface for personal computer plat-
forms based on the PCI standard. This section pro-
vides an overview of the PCl and EISA Bus hierarchy
followed by an overview of the PCEB and ESC com-
ponents. :

Bus Hierarchy—Concurrent Operations

Figure 1-0 shows a block diagram of a typical sys-
tem using the PCI-EISA Bridge chip set. The system
contains three levels of buses structured in the fol-
lowing hierarchy:

— Host Bus as the execution bus
— PCI Local Bus as a primary I/0 bus
— EISA Bus as a secondary 1/0 bus
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This bus hierarchy allows concurrency for simulta-
neous operations on all three bus environments.
Data buffering permits concurrency for operations
that crossover into another bus environment. For ex-
ample, a PCl device could post data into the PCEB,
permitting the PCI Local Bus transaction to com-
plete in a minimum time and freeing up the PCI Local
Bus for further transactions. The PCl device does
not have to wait for the transfer to complete to its
final destination. Meanwhile, any ongoing EISA Bus
transactions are permitted to complete. The posted
data is then transferred to its EISA Bus destination
when the EISA Bus is available. The PCI-EISA
Bridge chip set implements extensive buffering for
PCl-t0-EISA and EISA-to-PCl bus transactions. In
addition to concurrency for the operations that cross
bus environments, data buffering allows the fastest
operations within a particular bus environment (via
PCI burst transfers and EISA burst transfers).

The PCI local bus with 132 MByte/sec and EISA
with 33 MByte/sec peak data transfer rate represent
bus environments with significantly different band-
widths. Without buffering, transfers that cross the
single bus environment are performed at the speed
of the slower bus. Data buffers provide a mechanism
for data rate adoption so that the operation of the
fast bus environment (PCI), i.e., usable bandwidth, is
not significantly impacted by the slower bus environ-
ment (EISA).
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Figure 1-1. PCI-EISA Chip Set System Block Diagram

PCI Local Bus

The PCI Local Bus has been defined to address the
growing industry needs for a standardized /ocal bus
that is not directly dependent on the speed and the
size of the processor bus. New generations of per-
sonal computer system software such as Windows®
and Win-NT™ with sophisticated graphical interfac-
es, multi-tasking and multi-threading bring new re-
quirements that traditional PC 1/0 architectures can
not satisfy. In addition to the higher bandwidth, reli-
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ability and robustness of the 1/0 subsystem is be-
coming increasingly important. The PCl environment
addresses these needs and provides an upgrade
path for the future. PCI features include:

® Processor independent

e Multinlexed, burst mode operation

SL, TSt TTNIVCR OpC

e Synchronous at frequencies from
20 MHz-33 MHz

* 120 MByte/sec usable throughput
(132 MByte/sec peak) for 32-bit data path
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e 240 MByte/sec usable throughput
(264 MByte/sec peak) for 64-bit data path

e Optional 64-bit data path with operations that are
transparent with the 32-bit data path

® Low latency random access (60 ns write access
latency to slave registers from a master parked
on the bus)

e Capable of full concurrency with processor/mem-
ory subsystem

o Full multi-master capability allowing any PCl mas-
ter peer-to-peer access to any PCl slave

® Hidden (overlapped) central arbitration

® |ow pin count for cost effective component pack-
aging (address/data multiplexed)

® Address and data parity

e Three physical address spaces: memory, /0,
and configuration

o Comprehensive support for autoconfiguration
through a defined set of standard configuration
functions

System partitioning shown in Figure 1-0 illustrates
how the PCI can be used as a common interface
between different portions of a system platform that
are typically supplied by the chip set vendor. These
portions are the Host/PCl Bridge (including a main
memory DRAM controller and an optional L2 cache
controlier) and the PCI-EISA Bridge. Thus, the PCi
allows a system /0O core design to be decoupled
from the processor/memory treadmill, enabling the
/0O core to provide maximum benefit over multiple
generations of processor/memory technology. For
this reason, the PCI-EISA Bridge can be used with
different processors (i.e., derivatives of the i486 or
the new generation processors such as Pentium).
Regardless of the new requirements imposed on the
processor side of the Host/PCIl Bridge (e.g., 64-bit
data path, 3.3V interface, etc.) the PCI side remains
unchanged which allows reusability not only of the
rest of the platform chip set (i.e., PCI-EISA Bridge)
but also of all other 1/0 functions interfaced at the
PCI level. These functions typically include graphics,
SCSI, and LAN.

EISA Bus

The EISA bus in the system shown in the Figure 1-0
represents a second level 170 bus. it allows person-
al computer platforms built around the PCI as a pri-
mary 1/0 bus to leverage the large EISA/ISA prod-
uct base. Combinations of PCI and EISA buses, both
of which can be used to provide expansion func-
tions, will satisfy even the most demanding applica-
tions.
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Along with compatibility with 16-bit and 8-bit ISA
hardware and software, the EISA bus provides the
following key features:

e 32-bit addressing and 32-bit data path
* 33 MByte/sec bus bandwidth

¢ Muitiple bus master support through efficient arbi-
tration

e Support for autoconfiguration

Integrated Bus Central Control Functions

The PCI-EISA Bridge chip set integrates central bus
functions on both the PCl and EISA Buses. For the
PCI Local Bus, the functions include PCI Local Bus
arbitration and default bus driver. For the EISA Bus,
central functions include the EISA Bus controller
and EISA arbiter are integrated in the ESC compo-
nent and EISA Data Swap Logic is integrated in the
PCEB.

Integrated System Functions

The PCI-EISA Bridge chip set integrates system
functions including PCI parity and system errors re-
porting, buffer coherency management protocol, PCI
and EISA memory and I/0 address space mapping
and decoding. For maximum flexibility all of these
functions are programmable allowing for variety of
optional features.

1.1 PCEB Overview

The PCEB provides the interface (bridge) between
PCI and EISA buses by translating bus protocols in
both directions. It uses extensive buffering on both
the PCI and EISA interfaces to allow concurrent bus
operations. The PCEB also implements the PCI cen-
tral support functions (e.g., PC! arbitration, error sig-
nal support, and subtractive decoding). The major
functions provided by the PCEB are described in this
section.

PCI Local Bus Interface

The PCEB can be either a master or slave on the
PCI Local Bus and supports bus frequencies from 25
MHz to 33 MHz. For PCl-initiated transfers, the
PCEB can only be a slave. The PCEB becomes a
slave when it positively decodes the cycle. The
PCEB also becomes a slave for unclaimed cycles on
the PCI Local Bus. These unclaimed cycles are ei-
ther negatively or subtractively decoded by the
PCEB and forwarded to the EISA Bus.

As a slave, the PCEB supports single cycle transfers
for memory, 1/0, and configuration operations and



intgl.

82374EB

ADVANCE INFORMATION

burst cycles for memory operations. Note that, burst
transfers cannot be performed to the PCEB’s inter-
nal registers. Burst memory write cycles to the EISA
Bus can transfer up to four Dwords, depending on
available space in the PCEB’s Posted Write Buffers.
When space is no longer available in the buffers, the
PCEB terminates the transaction. This supports the
Incremental Latency Mechanism as defined in the
Peripheral Component Interconnect (PCl) Specifica-
tion. Note that, if the Posted Write Buffers are dis-
abled, PCI burst operations are not performed and
all transfers are single cycle.

For EISA-inititated transfers to the PCI Local Bus,
the PCEB is a PCl master. The PCEB permits EISA
devices to access either PCI memory or 1/0. While
all PCI 1/0 transfers are single cycle, PCl memory
cycles can be either single cycle or burst, depending
on the status of the PCEB’s Line Buffers. During
EISA reads of PCI memory, the PCEB uses a burst
read cycle of four Dwords to prefetch data into a
Line Buffer. During EISA-to-PCl memory writes, the
PCEB uses PCl burst cycles to flush the Line Buff-
ers. The PCEB contains a programmable Master La-
tency Timer that provides the PCEB with a guaran-
teed time slice on the PCI Local Bus, after which it
surrenders the bus.

As a master on the PCI Local Bus, the PCEB gener-
ates address and command signal (C/BE#) parity
for read and write cycles, and data parity for write
cycles. As a slave, the PCEB generates data parity
for read cycles. Parity checking is not supported.

The PCEB, as a resource, can be locked by any PCI
master. In the context of locked cycles, the entire
PCEB subsystem (including the EISA Bus) is consid-
ered a single resource.

PCI Local Bus Arbitration

The PCl arbiter supports six PCl masters—The
Host/PCl bridge, PCEB, and four other PCI masters.
The arbiter can be programmed for twelve fixed pri-
ority schemes, a rotating scheme, or a combination
of the fixed and rotating schemes. The arbiter can
be programmed for bus parking that permits the
Host/PCl Bridge default access to the PCl Local
Bus when no other device is requesting service. The
arbiter also contains an efficient PCI retry mecha-
nism to minimize PCI Local Bus thrashing when the
PCEB generates a retry. The arbiter can be disabled,
if an external arbiter is used.

EISA Bus Interface

The PCEB contains a fully EISA-compatible master
and slave interface. The PCEB directly drives eight
EISA slots without external data or address buffer-
ing. The PCEB is only a master or slave on the EISA
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Bus for transfers between the EISA Bus and PCI
Local Bus. For transfers contained to the EISA Bus,
the PCEB is never a master or slave. However, the
data swap logic contained in the PCEB is involved in
these transfers, if data size translation is needed.
The PCEB also provide support for I/0 recovery.

EISA/ISA masters and DMA can access PCl memo-
ry or I/0. The PCEB only forwards EISA cycles to
the PCI Local Bus if the address of the transfer
matches one of the address ranges programmed
into the PCEB for EISA-to-PCl positive decode. This
includes the main memory segments used for gener-
ating MEMCS# from the EISA Bus, one of the four
programmable memory regions, or one of the four
programmable 1/O regions. For EISA-initiated ac-
cesses to the PCl Local Bus, the PCEB is a slave on
the EISA Bus. 1/0 accesses are always non-buff-
ered and memory accesses can be either non-buff-
ered or buffered via the Line Buffers. For buffered
accesses, burst cycles are supported.

During PCl-initiated cycles to the EISA Bus, the
PCEB is an EISA master. For memory write opera-
tions through the Posted Write Buffers, the PCEB
uses EISA burst transfers, if supported by the slave,
to flush the buffers. Otherwise, single cycle transfers
are used. Single cycle transfers are used for all 1/0
cycles and memory reads.

PCI/EISA Address Decoding

The PCEB contains two address decoders—one to
decode PCl-initiated cycles and the other to decode
EISA-initiated cycles. The two decoders permit the
PCI and EISA Buses to operate concurrently.

The PCEB can also be programmed to provide main
memory address decoding on behalf of the Host/
PCI bridge. When programmed, the PCEB monitors
the PCI and EISA bus cycle addresses, and gener-
ates a memory chip select signal (MEMCS#) indi-
cating that the current cycle is targeted to main
memory residing behind the Host/PCl bridge. Pro-
grammable features include, read/write attributes
for specific memory segments and the enabling/dis-
abling of a memory hole. If MEMCS# is not used,
this feature can be disabled.

In addition to the main memory address decoding,
there are four programmable memory regions and
four programmable /0O regions for EISA-initiated cy-
cles. EISA/ISA master or DMA accesses to one of
these regions are forwarded to the PCi Locai Bus.

Data Buffering

To isolate the slower EISA Bus from the PCl Local
Bus, the PCEB provides two types of data buffers.
Buffer management control guarantees data coher-
ency.
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Four Dword wide Posted Write Buffers permit post-
ing of PCl-initiated memory write cycles to the EISA
Bus. For EiSA-initiated cycles to the PCI Bus, there
are four 16-byte wide Line Buffers. These buffers
permit prefetching of PCI memory read data and
posting of PCI memory write data.

By using burst transactions to fill or flush these buff-
ors, if appropriate, the PCEB maximizes bus efficien-
cy. For example, an EISA device could fill a Line
Buffer with byte, word, or Dword transfers and the
PCEB would use a PCI burst cycle to flush the filled
line to PCI memory.

BIOS Timer

The PCEB has a 16-bit BIOS Timer. The timer can
be used by BIOS software to implement timing
loops. The timer count rate is derived from the EISA
clock (BCLK) and has an accuracy of +1 ps.

1.2 ESC Overview

The ESC implements system functions (e.g., timer/
counter, DMA, and interrupt controller) and EISA
subsystem control functions (e.g., EISA bus control-
ler and EISA bus arbiter). The major functions pro-
vided by the ESC are described in this section.

EISA Controller

The ESC incorporates a 32-bit master and an 8-bit
slave. The ESC directly drives eight EISA slots with-
out external data or address buffering. EISA system
clock (BCLK) generation is integrated by dividing the
PCI clock (divide by 3 or divide by 4) and wait state
generation is provided. The AENx and MACKXx sig-
nals provide a direct interface to four EISA slots and
supports eight EISA slots with encoded AENx and
MACKXx signals.

The ESC contains an 8-bit data bus (lower 8 bits of
the EISA data bus) that is used to program the
ESC's internal registers. Note that for transfers be-
tween the PCI and EISA Buses, the PCEB provides
the data path. Thus, the ESC does not require a full
32-bit data bus. A full 32-bit address bus is provided
and is used during refresh cycles and for DMA oper-
ations.

The ESC performs cycle translation between the
EISA Bus and ISA Bus. For mis-matched master/
slave combinations, the ESC controls the data swap
logic that is located in the PCEB. This control is pro-
vided through the PCEB/ESC interface.

DMA Controlier

The ESC incorporates the functionality of two 82C37
DMA controllers with seven independently program-
mable channels. Each channel can be programmed
for 8-bit or 16-bit DMA device size, and ISA-compati-
ble, type “A”, type “B”, or type “C” timings. Full
32-bit addressing is provided. The DMA controller is
also responsible for generating refresh cycles.

The DMA controller supports an enhanced feature
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called scatter/gather. This feature provides the ca-
pability of transferring multiple buffers between
memory and |/0O without CPU intervention. In scat-
ter/gather mode, the DMA can read the memory
address and word count from an array of buffer de-
scriptors, located in main memory, called the scat-
ter/gather descriptor (SGD) table. This allows the
DMA controller to sustain DMA transfers until all of
the buffers in the SGD table are handled.

Interrupt Controller

The ESC contains an EISA compatible interrupt con-
troller that incorporates the functionality of two
82C59 Interrupt Controllers. The two interrupt con-
trollers are cascaded providing 14 external and two
internal interrupts.

Timer/Counter

The ESC provides two 82C54 compatible timers
(Timer 1 and Timer 2). The counters in Timer 1 sup-
port the system timer interrupt (IRQO#), refresh re-
quest, and a speaker tone output (SPKR). The coun-
ters in Timer 2 support fail-safe timeout functions
and the CPU speed control.

Integrated Support Logic

To minimize the chip count for board designs, the
ESC incorporates a number extended features. The
ESC provides support for ALTA20 (Fast A20GATE)
and ALTRST with 1/0 Port 92h. The ESC generates
the control signals for SA address buffers and X-Bus
buffer. The ESC also provides chip selects for BIOS,
the keyboard controller, the floppy disk controller,
and three general purpose devices. Support for gen-
erating chip selects with an external decoder is pro-
vided for IDE, a parallel port, and a serial port. The
ESC provides support for a PC/AT compatible co-
processor interface and IRQ13 generation.

2.0 SIGNAL DESCRIPTION

This section provides a detail description of each
signal. The signals (Figure 2-1) are arranged in func-
tional group according to their associated interface.
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The “#” symbol at the end of a signal indicates that
the active, or asserted state occurs when the signal
is at a low voltage level. When “#” is not presented
after the signal name, the signal is asserted when at
the high voltage level.

The terms assertion and negation are used exten-

The following notations are used to describe the sig-
nal type.

in Input is a standard input-only signal. -

out Totem Pole Output is a standard active driv-
er.

o/d  Open Drain Input/Output.

sively. This is done to avoid confusion when working /s Tri_State is a bi-directional, tri-state input/out-
with a mixture of “active-low” and “active-high” sig- put pin.
nals. The term assert, or assertion indicates that a X . X . R
signal is active, independent of whether that level is ~ S/t/s Sustained Tri-State is an active low tri-state
represented by a high or low voltage. The term ne- signal owned and driven by one and only one
gate, or negation indicates that a signal is inactive. agent at a time. The agent that drives a s/t/s
pin low must drive it high for at least one
clock before letting it float. A new agent can
not start driving a s/t/s signal any sooner
than one clock after the previous owner tri-
states it. A pull-up sustains the inactive state
until another agent drives it and is provided
by the central resource.
2.1 PCI Local Bus Interface Signals
Pin : A
Name Type Description
PCICLK in PCI CLOCK: PCICLK provides timing for all transactions on the PCI Local Bus. The
ESC uses the PCI Clock (PCICLK) to generate EISA Bus Clock (BCLK). The PCICLK
is divided by 3 or 4 to generate the BCLK. The EISA Bridge supports PCI Clock
frequencies of 25 MHz through 33 MHz.
PERR # in PARITY ERROR: PERR # indicates a data parity error. PERR # may be pulsed
active by any agent that detects an error condition. Upon sampling PERR # active,
the ESC generates an NMI interrupt to the CPU.
SERR# in SYSTEM ERROR: SERR # may be pulsed active by any agent that detects an error
condition. Upon sampling SERR # active, the ESC generates an NMI interrupt to the
CPU.
RESET # in SYSTEM RESET: RESET # forces the entire ESC Chip into a known state. All
internal ESC state machines are reset and all registers are set to their default values.
RESET# may be asynchronous to PCICLK when asserted or negated. Although
asynchronous, negation must be a clean, bounce-free edge. The ESC uses RESET
to generate RSTDRY signal.
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2.2 EISA Bus Interface Signals

Pin
Name

BCLKOUT out EISA BUS CLOCK OUTPUT: BCLKOUT is typically buffered to create EISA Bus
Clock (BCLK). The BCLK is the system clock used to synchronize events on the
EISA/ISA bus. The BCLKOUT is generated by dividing the PCICLK. The ESC
uses a divide by 3 or divide by 4 to generate the BCLKOUT.

BCLK in EISA BUS CLOCK: BCLK is an input to the ESC device. This ESC uses the
BCLK to synchronize events on the EISA bus. The ESC generates or samples all
the EISA/ISA bus signals on either the rising or the falling edge of BCLK.

LA[31:27]1#/ t/s EISA ADDRESS BUS/CONFIGURATION RAM PAGE ADDRESS: These are
CPG[4:0] multiplexed signals. These signals behave as the EISA address bus under all
conditions except during access cycle to the Configuration RAM.

EISA ADDRESS BUS: LA[31:27] # are directly connected to the EISA address
bus. The ESC uses the address bus in conjunction with the BE[3:0] # signals as
inputs to decode accesses to its internal resources except in DMA and Refresh
modes. During DMA and Refresh modes, these are outputs, and the ESC uses
these signals in conjunction with BE[3:0] # to drive Memory address.

CONFIGURATION RAM PAGE ADDRESS: CPG[4:0] are connected to
Configuration SRAM address lines. During 1/0 access to 0800h-08FFh, the ESC
drives these signals with the configuration page address (the value contained in
register 0CO0h). The Configuration RAM Page Address function can be disabled
by setting Mode Select register bit 5 = 0.

LA[26:24] # t/s EISA ADDRESS BUS: These signals are directly connected to the EISA address

and bus. The ESC uses the address bus in conjunction with the BE[3:0] # signals as
LA[23:2] inputs to decode accesses to its internal resources exceptin DMA and Refresh
modes. During DMA and Refresh modes, these are outputs, and the ESC uses
these signals in conjunction with BE[3:0] # to drive Memory address.

BE[3:0] # t/s BYTE ENABLES: BE[3:0] # signals are directly connected to the EISA address
bus. These signals indicate which byte on the 32-bit EISA data bus are involved
in the current cycle. BE[3:0] # are inputs during EISA master cycles which do not
require assembly/disassembly operation. For EISA master assembly/
disassembly cycles, ISA master cycles, DMA, and Refresh cycles BE[3:0] # are
outputs.

BEO #: Corresponds to byte lane 0-SD[7:0]
BE1 #: Corresponds to byte lane 0-SD[15:8]
BE2#: Corresponds to byte lane 0-SD[23:16]
BE3#: Corresponds to byte lane 0-SD[31:24]

M/IO# t/s MEMORY OR I/0 CYCLE: M/IO# signal is used to differentiate between
memory cycles and 1/0 cycles on the EISA bus. A High value on this signal
indicates a memory cycle, and a Low value indicates an 1/0 cycle. M/IO# is an
input to the ESC during EISA master cycles, and M/10# is an output during ISA,
DMA, and ESC initiated Refresh cycles. M/10# is floated during ISA master
initiated Refresh cycles.

W/R# t/s WRITE OR READ CYCLE: W/R # signal is used to differentiate between write
and read cycles on the EISA bus. A High value on this signal indicates a Write
cycle, and a Low value indicates a Read cycle. W/R # is an input to the ESC
during EISA master cycles, and W/R # is an output during ISA, DMA, and
Refresh cycles.

Type Description
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2.2 EISA Bus Interface Signals (Continued)

Pin
Name

Type

Description

EX32#

o/d

EISA 32-BIT DEVICE DECODE: EX32# signal is asserted by a 32-bit EISA slave
device. EX32# assertion indicates that an EISA device has been selected as a
slave, and the device has a 32-bit data bus size. The ESC uses this signal as an
input as part of its slave decode to determine if data size translation and/or cycle
translation is required. EX32# is an output of the ESC during the last portion of
the mis-matched cycle. This is an indication to the backed-off EISA master that
the data translation has been completed. The backed-off EISA master uses this
signal to start driving the EISA bus again.

EX16#

o/d

EISA 16-BIT DEVICE DECODE: EX16# signalis asserted by a 16-bit EISA slave
device. EX16# assertion indicates that an EISA device has been selected as a
slave, and the device has a 16-bit data bus size. The ESC uses this signal as an
input as part of its slave decode to determine if data size translation and/or cycle
translation is required. EX16 # is an output of the ESC during the last portion of
the mis-matched cycle. This is an indication to the backed-off EISA master that
the data translation has been completed. The backed-off EISA master uses this
signal to start driving the EISA bus again.

START #

t/s

START CYCLE: START # signal provides timing control at the start of an EISA
cycle. START # is asserted for one BCLK. START # is an input to the ESC during
EISA master cycles except portions of the EISA master to mis-matched slave
cycles where it becomes an output. During ISA, DMA, and Refresh cycles
START# is an output.

CMD #

out

COMMAND: CMD # signal provides timing control within an EISA cycle. The ESC
is a central resource of the CMD # signal, and the ESC generates CMD # during
all EISA cycles. CMD# is asserted from the rising edge of BCLK simultaneously
with the negation of START #, and remains asserted until the end of the cycle.

EXRDY

o/d

EISA READY: EXRDY signal is deasserted by EISA slave devices to add wait
states to a cycle. EXRDY is an input to the ESC for EISA master cycles, ISA
master cycles, and DMA cycles where an EISA slave has responded with EX32 #
or EX16 # asserted. The ESC samples EXRDY on the falling edge of BCLK after
CMD # is asserted (except during DMA compatible cycles). During DMA
compatible cycles, EXRDY is sampled on the second falling edge of BCLK after
CMD # is driven active. For all types of cycles if EXRDY is sampled inactive, the
ESC keeps sampling it on every falling edge of BCLK#. EXRDY is an output for
EISA master cycles decoded as accesses to the ESC internal registers. ESC
forces EXRDY low for one BCLK at the start of a potential DMA burst write cycle
to insure that the initial write data is held long enough to be sampled by the
memory slave.

SLBURST#

SLAVE BURST: SLBURST # signal is asserted by an EISA slave to indicate that
the device is capable of accepting EISA burst cycles. The ESC samples
SLBURST # on the rising edge of BCLK at the end of START # for all EISA
cycles. During DMA cycles, the ESC samples SLBURST # twice; once on the
rising edge of BCLK at the beginning of START # and again on the rising edge of
BCLK at the end of START #.

MSBURST #

t/s

MASTER BURST: MSBURST # signal is asserted by an EISA master to indicate
EISA burst cvcles. MSBURST # is asserted by an EISA master in response to an
asserted SLBURST # signal. The ESC samples SLBURST # on the rising edge of
BCLK that CMD # is asserted. If asserted, the ESC samples SLBURST # on all
subsequent rising edges of BCLK until sampled negated. The ESC keeps CMD #
asserted during Burst cycles. MSBURST # is an output during DMA burst cycles.
The ESC drives MSBURST # active on the falling edge of BCLK, one half BCLK
after SLBURST # is sampled active at the end of START #.
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2.2 EISA Bus Interface Signals (Continued)

Pin
Name

MASTER16 # in MASTER 16-BIT: MASTER16 # is asserted by a 16-bit EISA Bus master or an
ISA Bus master device to indicate that it has control of the EISA Bus or ISA Bus.
The ESC samples MASTER16 # on the rising edge of BCLK that START # is
asserted. If MASTER16# is sampled asserted, the ESC determines that a 16-bit
EISA Bus master or an ISA Bus master owns the Bus. If MASTER16# is
sampled negated at the first sampling point, the ESC will sample MASTER16 #
a second time on the rising edge of BCLK at the end of START #. If

MASTER16 # is sampled asserted here, the ESC determines that a 32-bit EISA
Bus master has downshifted to a 16-bit Bus master, and thus, the ESC will
disable the data size translation function.

SD[7:0] t/s SYSTEM DATA: SD[7:0] signals are directly connected to the System Data bus.
The SDI7:0] pins are outputs during I/0 reads when the ESC internal registers
are being accessed and during interrupt acknowledge cycles. The SD[7:0] pins
are input during |1/0 write cycles when the ESC internal registers are being
accessed.

Type Description

2.3 ISA Bus Signals
Pin

Name
BALE out BUS ADDRESS LATCH ENABLE: BALE signal is asserted by the ESC to indicate

that an address (SA[19:0], LA[23:17]), AEN and SBHE # signal lines are valid. The

LA[23:17] address lines are latched on the trailing edge of BALE. BALE remains
active throughout DMA and ISA Master cycles and Refresh cycles.

SA[1:0] t/s ISA ADDRESS BITS 0 AND 1: SA[1:0] are the least significant bits of the ISA
address bus. SA[1:0] are inputs to the ESC during ISA master cycles except during
ISA master initiated Refresh cycles. The ESC uses the SA[1:0] in conjunction with
SBHE # to generate BE[3:0] # on the EISA bus. The SA[1:0] are outputs of the ESC
duri[ng I]EISA master cycles and DMA cycles. The ESC generates these from

BE[3:0] #.

SBHE # t/s ISA BYTE HIGH ENABLE: SBHE # signal indicates that the high byte on the ISA data
bus (SD[15:8]) is valid. SBHE # is an input to the ESC during ISA master cycles,
except during ISA master initiated Refresh cycles. The ESC uses the SBHE # in
conjunction with SA[1:0] to generate BE[3:0] # on the EISA bus. SBHE # is an output
during EISA master and DMA cycles.

M16# o/d MEMORY CHIP SELECT 16: M16# is an input when the ESC component owns the
ISA bus. M16 # is an output when an external ISA bus Master owns the ISA bus. The
ISA slave memory drives this signal Low if it is a 16-bit memory device. For ISA to
EISA translation cycles, the ESC combinatorially asserts M16 # if either EX32# or
EX16+# are asserted. This signal has an external pullup resistor.

1016 # o/d 16-BIT I/0 CHIP SELECT: IO16# signal is used to indicate a 16-bit /0 bus cycle.
This signal is asserted by the 1/0 devices to indicate that they support 16-bit 1/0 bus
cycles. All 170 accesses to the ESC registers are run as 8-bit I/0 bus cycles. This
signal has an external pullup resistor.

MRDC # t/s MEMORY READ: MRDC# signal indicates a read cycle to the ISA memory devices.
MRDC# is the command to a memory slave that it may drive data onto the ISA data
bus. MRDC # is an output when the ESC owns the ISA bus. MRDC# is an input when
an external ISA Bus master owns the ISA Bus. This signal is driven by the ESC during
refresh cycles.

Type Description
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2.3 ISA Bus Signals (Continued)

Pin
Name

MWTC# t/s MEMORY WRITE: MWTC # signal indicates a write cycle to the ISA memory
devices. MWTC # is the command to a memory slave that it may latch data from the
ISA data bus. MWTC # is an output when the ESC owns the ISA bus. MWTC # is an
input when an ISA Bus master owns the ISA Bus.

SMRDC # out SYSTEM MEMORY READ: SMRDC # signal is asserted by the ESC to request a
memory slave to drive data onto the data lines. SMRDC # indicates that the
memory read cycle is for an address below the 1 Mbyte range on the ISA bus. This
signal is also asserted during refresh cycles.

SMWTC # out SYSTEM MEMORY WRITE: SMWTC# signal is asserted by the ESC to request a
memory slave to accept data from the data lines. SMWTC# indicates that the
memory write cycle is for an address below the 1 Mbyte range.

IORC # t/s 1/0 READ: IORC # is the command to an ISA 1/0 slave device that it may drive
data on to the data bus (SD[15:0]). The device must hold the data valid until after
IORC # is negated. IORC# is an output when the ESC component owns the ISA
bus. IORC# is an input when an ISA Bus master owns the ISA Bus.

IOWC # t/s 1/0 WRITE: IOWC# is the command to an ISA 1/0 slave device that it may latch
data from the ISA data bus (SD[15:0]). IOWC# is an output when the ESC
component owns the ISA Bus. IOWC# is an input when an ISA Bus master owns
the ISA Bus.

CHRDY o/d 1/0 CHANNEL READY: CHRDY when asserted allows ISA Bus resources request
additional time (wait states) to complete the cycle. CHRDY is an input when the
ESC owns the ISA Bus. CHRDY is an input to the ESC during compatible DMA
cycles. CHRDY is an output during ISA Bus master cycles to PCl slave or ESC
internal register. The ESC will ignore CHRDY for ISA-Bus master accessing an ISA-
Bus slave.

IOCHK # in 10 CHANNEL CHECK: IOCHK# can be asserted by any resource on the ISA Bus.
When asserted, it indicates that a parity or an uncorrectable error has occurred for a
device or memory on the ISA Bus. A NMI will be generated to the CPU if enabled.

NOWS # o/d ZERO WAIT STATES: NOWS # indicates that a peripheral device wishes to
execute a zero wait states bus cycle (the normal default 16-bit ISA bus memory or
1/0 cycle is 3 BCLKS). When NOWS # is asserted, a 16-bit memory cycle will occur
in two BCLKs and a 16-bit i/0 cycle will occur in three BCLKs. When NOWS # is
asserted by an 8-bit device the default 6 BCLKs cycle is shortened to 4 or 5 BCLKs.

NOWS # is an input when the ESC is performing bus translation cycles. NOWS # is
an output when the ESC internal registers are accessed.

If CHRDY and NOWS# are both asserted during the same clock then NOWS # will
be ignored and wait states will be added as a function of CHRDY (CHRDY has
precedence over NOWS #).

0osc in OSCILLIATOR: OSC is the 14.31818 MHz signal with 50% duty cycle. OSC is used
by the ESC Timers. )

RSTDRV out RESET DRIVE: RSTDRYV is asserted by the ESC. An asserted RSTDRV cause a
hardware reset of the devices on the ISA Bus. RSTDRYV is asserted whenever the
DEQET 4 input tc tha I:SC is aoeorfcr‘

[t ] wiv o S SAL10-0

Type Description
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2.3 ISA Bus Signals (Continued)

Pin
Name

REFRESH # t/s REFRESH: REFRESH # is used by the ESC as an output to indicate when a
refresh cycle is in progress. it should be used to enable the SA[15:0] address to
the row address inputs of all banks of dynamic memory on the ISA bus so that
when MRDC# goes active, the entire expansion bus dynamic memory is
refreshed. Memory slaves must not drive any data onto the bus during refresh
and should not add wait states since this will affect the entire system throughput.
As an output, this signal is driven directly onto the ISA bus. This signal is an
output only when the ESC DMA Refresh is a master on the bus responding to an
internally generated request for Refresh. Upon RESET this pin will tri-state. Note
that address lines [15:8] are driven during refresh, but the value is meaningless
and is not used to refresh ISA bus memory.

REFRESH# may be asserted by an expansion bus adapter acting as a 16-bit ISA
bus master.

AEN# out ADDRESS ENABLE: AEN # is driven high for Bus master cycles. AEN# is driven
low for DMA cycles and Refresh cycles. AEN # is used to disable /0 devices
from responding to DMA and Refresh cycles. System designs which do not use
the slots specific AENs (AEN[4:1]/EAEN[4:1]) provided by the ESC can use the
AEN# signal to generate their own slot specific AENs.

Type Description

AEN[4:1]/ out These pins have slightly different function depending on the ESC configuration
EAEN[4:1] (Mode Select register bit 1 and bit 0).

SLOT SPECIFIC ADDRESS ENABLE: If the ESC is programmed to support 4
EISA slot, these signals function as Slot Specific Address Enables (AEN[4:1]).
ENCODED SLOT SPECIFIC ADDRESS ENABLE: If the ESC has been
programmed to support more than 4 EISA slots, then these signals behave as
Encoded Address Enables (EAEN[4:1]). A discrete decoder is required to
generate slot specific AENs. ‘

Refer to Section 5.8.1 AEN GENERATION for a detailed description of these
signals.

33



intel. | | s2s4e  ADVANGE INFORMATION

2.4 DMA Signal Description
Pin
Name
DREQ(7:5,3:0] in DMA REQUEST: DREQ signals are either used to request DMA service from
the ESC or used to gain control of the ISA Bus by a ISA Bus master. The
active level (high or low) is programmed in the Command registers. When the
Command register Bit 6 is programmed to 0, DREQ are asserted high,
otherwise the DREQ are asserted low. All inactive to active edges of DREQ
are assumed to be asynchronous. The request must remain asserted until the

appropriate DACK is negated. At power-up and after RESET, these lines
should be low (negated).

DACK#[7:5,3:0] | out DMA ACKNOWLEDGE: DACK+# indicates that a request for DMA service
from the DMA subsystem has been recognized or that a ISA Bus master has
been granted the bus. The level of the DACK lines when asserted may be
programmed to be either high or low. This is accomplished by programming
the DMA Command register. These lines should be used to decode the DMA
slave device with the IORC# or IOWC # line to indicate selection. If used to
signal acceptance of a bus master request, this signal indicates when it is
legal to assert MASTER16#. If the DMA controller has been programmed for
a timing mode other than compatible mode, and another device has
requested the bus, and a 4 ps time has elapsed, DACK# will be negated and
the transfer stopped before the transfer is complete. In this case, the transfer
will be restarted at the next arbitration period in which the channel wins the
bus. Upon reset these lines are negated.

EOP t/s END OF PROCESS: EOP pin acts in one of two modes, and it is directly
connected to the TC line of the ISA Bus. In the first mode, EOP-In, the pin is
an input and can be used by a DMA slave to stop a DMA transfer. In the
second mode, TC-Out, it is used as a terminal count output by DMA slaves.
An active pulse is generated when the byte counter reaches its last value.

EOP-IN MODE: During DMA, for all transfer types, the EOP pin is sampled by
the ESC. If it is sampled asserted, the address bus is tri-stated and the
transfer is terminated.

TC-OUT MODE: The EOP output will be asserted after a new address has
been output if the byte count expires with that transfer. The EOP (TC) will stay
asserted until AEN # is negated unless AEN is negated during an
Autoinitialization. EOP (TC) will be negated before AEN is negated during an
Autoinitialization.

INTOUT MODE: In this mode the EOP signal has the same behavior as the
Chaining Interrupt or the Scatter-Gather interrupt to the host processor
(IRQ13). If a scatter-gather or chaining buffer is expired, EOP will go active on
the falling edge of BCLK. Only the currently active channel’s interrupt will be
reflected on this pin. Other channel’s with active interrupts pending will not
affect the EOP pin.

Whenever all the DMA channels are not in use, the EOP pin is kept in output
mode and negated. After reset, the EOP pin is kept in output mode and
negated.

Type : Description
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2.5 EISA Arbitration Signals

Pin
Name

Type

Description

MREQI[3:0] #

in

MASTER REQUEST: MREQ[3:0] # are slot specific signals used by EISA bus
masters to request bus access. MREQ# once asserted, must remain asserted
until the corresponding MACK # is asserted. The MREQ# is negated on the
falling edge of BCLK slightly before the end of a master transfer. The LA[ ],
BE[] #, M-IO#, and W/R # lines should be floated on or before the rising edge
of BCLK after MREQ+# is negated. The end of the last bus cycle is derived from
CMD # in this case. The MREQ# signals are asserted on the falling edge of
BCLK. MREQ# is always sampled on the rising edge of BCLK. MREQ# is
synchronous with respect to BCLK. After asserting MREQ#, the corresponding
master must not assert MREQ# until 1.5 BCLKs after CMD # is negated.

MREQ(7:4]#/
PIRQ[0:3] #

These pins behave in one of two modes depending on the state of the Mode
Select register bit 1 and bit 0.

MASTER REQUEST: MREQ# lines are slot specific signals used by EISA bus
masters to request bus access. This signal behaves in the same manner as
MREQI3:0] # signals.

PCI INTERRUPT REQUEST: PIRQ# are used generate asynchronous
interrupts to the CPU via the Programmable Interrupt Controller (82C59)
integrated in the ESC. These signals are defined as level sensitive and are
asserted low. The PIRQx# can be shared with PC compatible interrupts
IRQ3:IRQ7, IRQY:IRQ15. The PIRQx# Route Control Register determines
which PCl interrupt is shared with which PC compatible interrupt.

Pins

MREQ6#/ | MREQ5#/
PIRQ1# PIRQ2#

Register

Bit[1:0] | MREQ7#/

PIRQO#

MREQ4 #/
PIRQ3#

00 PIRQO#
01 PIRQO#

PIRQ1# PIRQ2#
PIRQ1# MREQS5 #
10 PIRQO# MREQ6 # MREQ5# MREQ4 #
1 MREQ7 # MREQ6 # MREQS # MREQ4 #

PIRQ3#
MREQ4 #

MACK[3:0] #/
EMACKI3:0]

out

These pins behave in one of two modes depending on the state of the Mode
Select register bit 1 and bit 0. If the ESC is programmed to support 4 EISA siots
then these pins are used as MACK #. If the ESC is programmed to support
more than 4 EISA slots then these pins are used as EMACK #

MASTER ACKNOWLEDGE: The MACK[3:0] # signals are asserted from the
rising edge of BCLK at which time the bus master may begin driving the LA[ ],
BE[]#, M/IO#, and W/R # lines on the next falling edge of BCLK. MACK #
will stay asserted until the rising edge of BCLK when MREQ# is sampled
negated. MACK # is sampled by EISA Bus masters on the falling edge of BCLK.
If another device has requested the bus, MACK # will be negated before
MREQ?# is negated. When MACK # is negated, the granted device has a
maximum of 8 us to negate MREQ # and begin a final bus cycle. The ESC may
negate the MACK# signal a minimum of one BCLK after asserting it if another
device (or refresh) is requesting the bus. Upon reset MACK # is negated.

ENCODED MASTER ACKNOWLEDGE: EMACK # behaves like MACK#. The
difference is that a discrete decoder is required to generate MACK# for the
EISA Bus masters.

Refer to Section 5.8.2 MACK Generation for details.

35




intel . : 82374EB ADVANGCE INFORMATION

2.6 Timer Unit Signal
Pin
Name
SPKR out SPEAKER DRIVE: SPKR is the output of Timer 1, Counter 2 and is “ANDed" with
Port 061h Bit 1 to provide Speaker Data Enable. This signal drives an external

‘speaker driver device, which in turn drives the ISA system speaker. SPKR has a
24 mA drive capability. Upon reset, its output state is 0.

SLOWH # out SLOW DOWN CPU: SLOWH # is the output of Timer 2, Counter 2. This counter is
used to slow down the main CPU of its execution via the CPU’s HOLD pin by pulse
width modulation. The first read of 1/0 register in the 048h-04Bh range will enable
SLOWH # signal to follow the output of the Timer 2, Counter 2. Upon reset,
SLOWH# is negated.

Type Description

2.7 Interrupt Controller Signals
Pin

Name Type Description
IRQ[15:9], in INTERRUPT REQUEST: IRQ These signals provide both system board
IRQ8 #, components and EISA bus 1/0 devices with a mechanism for asynchronously
IRQ[7:3,1] iinterrupting the CPU. The assertion mode of each interrupt can be programmed to

be edge or level triggered.

An asserted IRQ input must remain asserted until after the falling edge of INTA #. if
the input is negated before this time, a DEFAULT IRQ7 will occur when the CPU
acknowledges the interrupt. (Refer to Section 9.12.7.)

INT out CPU INTERRUPT: INT is driven by the ESC to signal the CPU that an Interrupt
request is pending and needs to be serviced. It is asynchronous with respect to
BCLK or PCICLK and it is always an output. The interrupt controllers must be
programmed following a reset to ensure that this pin takes on a known state. Upon
reset the state of this pin is undefined.

NMI out NON-MASKABLE INTERRUPT: NMI is used to force a non-maskable interrupt to
the CPU. The CPU registers an NM| when it detects a rising edge on NMI. NMI will
remain active until a read from the CPU to the NMI register at port 061h is detected
by the ESC. This signal is set to low upon reset.

36



intel . 82374EB ADVANCE INFORMATION

2.8 ESC/PCEB Interface Signals

2.8.1 ARBITRATION AND INTERRUPT ACKNOWLEDGE CONTROL

Pin
Name

EISAHOLD out EISA HOLD: EISAHOLD is used to request control of the EISA bus from its default
owner, PCEB. This signal is synchronous to PCICLK and is asserted when
RESET # is asserted.

EISAHLDA in EISA HOLD ACKNOWLEDGE: EISAHLDA is used by the PCEB to inform the ESC
that it has been granted ownership of EISA bus. This signal is synchronous to

Type Description

PCICLK.
PEREQ#/ in PCI TO EISA REQUEST OR INTERRUPT ACKNOWLEDGE: PEREQ#/INTA# is
INTA# a dual function signal. The context of the signal pin is determined by the state of
EISAHLDA signal.

When EISAHLDA is deasserted (0) this signal has the context of Interrupt
Acknowledge i.e., if PEREQ# /INTA # is asserted it indicates to the ESC that
current cycle on the EISA is an interrupt acknowledge.

When EISAHLDA is asserted (1) this signal has the context of PCl-to-EISA
Request i.e., if PEREQ#/INTA# is asserted it indicates to the ESC that PCEB
needs to obtain the ownership of the EISA bus on behalf of a PCl agent.

This signal is synchronous to the PCICLK and it is driven inactive when PCIRST is
asserted.

2.8.2 PCEB BUFFER COHERENCY CONTROL
Pin

Name

NMFLUSH# t/s NEW MASTER FLUSH: NMFLUSH # is a bi-directional signal which is used to

provide handshake between PCEB and ESC to control flushing of system buffers
on behalf of EISA masters.

During an EISA bus ownership change, before ESC can grant the bus to the EISA
master (or DMA) it must ensure that system buffers are flushed and buffers
pointing (potentially) towards EISA subsystem are disabled. The ESC asserts
NMFLUSH # signal for one PCI clock indicating the request for system buffer
flushing. (After driving NMFLUSH # asserted for 1 PCI clock the ESC tri-states
NMFLUSH # signal.) When PCEB samples NMFLUSH # asserted it starts
immediately to drive NMFLUSH # asserted and initiates internal and external
requests for buffer flushing. After all buffers have been flushed (indicated by the
proper handshake signals) the PCEB negates NMFLUSH # for 1 PCI clock and
stops driving it. When ESC samples signal deasserted that indicates that all
system buffers are flushed, it grants EISA bus to an EISA master (or DMA). The
ESC resumes responsibility of default NMFLUSH # driver and starts driving
NMFLUSH # deasserted until the next time a new EISA master (or DMA) wins
arbitration.

This signal is synchronous with PCICLK and will be driven negated by the ESC at
reset.

INTCHIPO t/s INTER CHIP 0: INTCHIPO is a reserved signal. The INTCHIPO output of the ESC
should be connected to the INTCHIPO input of the PCEB for proper device
operation.

Type Description
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2.8.3 DATA SWAP BUFFER CONTROL

Pin
Name Type Description
SDCPYENO1# out COPY ENABLE: These active low signals perform byte copy operation on the
SDCPYENOQ2 # EISA data bus (SD). These signal are active during mis-matched cycle, and
SDCPYENO3 # they are used by the PCEB to enable byte copy operation between SD data
SDCPYEN13 # byte lanes 0, 1, 2, and 3 as follows:
SDCPYENO1# Copy between Byte Lane 0(SD[7:0]) and Byte Lane
1(SD[15:8])

SDCPYENO2# Copy between Byte Lane 0(SD[7:0]) and Byte Lane
2(SD[23:16])

SDCPYENO3# Copy between Byte Lane 0(SD[7:0]) and Byte Lane
3(SDI[31:24])

SDCPYEN13# Copy between Byte Lane 1(SD[15:8]) and Byte Lane
3(SD[31:24])

SDCPYUP out SYSTEM (DATA) COPY UP: SDCPYUP is used to control the direction of the

byte copy operation. A High on the signal indicates a COPY UP operation

where the lower byte lower word of the SD data bus is copied on to the higher

byte or higher word of the bus. A Low on the signal indicates a COPY DOWN

operation where the higher byte(s) of the data bus are copied on to the lower

byte(s) of the bus. The PCEB uses the signal to perform the actual data byte

copy operation during mis-matched cycles.

SDOE[2:0] # out SYSTEM DATA OUTPUT ENABLES: SDOE # enables the SD data output of
the PCEB Data Swap Buffers on to EISA bus. The ESC activates these signals
only during mis-matched cycles. The PCEB uses these signals to enable the
SD data buffers as follows:

SDOEO+# Enables byte lane 0 SD[7:0]

SDOE1# Enables byte lane 1 SD[15:8]

SDOE2# Enables byte lane 2 SD[23:16] and byte lane 3 SD[31:24]
SDLE[3:0] # out SYSTEM DATA LATCH ENABLES: SDLE[3:0] # enable the latching of EISA
data bus. These signals are activated only during mis-matched cycles except

- PCEB initiated write cycle. The PCEB uses these signals to latch the SD data
bus as follows:

SDLEO# Latch byte lane 0 SD([7:0]
SDLE1# Latch byte lane 0 SD[15:8]
SDLE2# Latch byte lane 0 SD[23:16]
SDLE3# Latch byte lane 0 SD[31:24]

38



intel. s2s74es  ADVANGE INFORMATION

2.9 Integrated Logic Signals

2.9.1 EISA ADDRESS BUFFER CONTROL

Pin
Name

SALE # out SA LATCH ENABLE: SALE # is directly connected to F543s which buffer the LA
| addresses from the SA addresses. The rising edge of SALE # latches the LA
address Bit LA[19:2] to the SA address Bit SA[19:2].

LASAOE # out LA TO SA ADDRESS OUTPUT ENABLE: LASAOE # is directly connected to the
SA output buffer enables of the F543s. The ESC asserts LASAOE# during EISA
master cycles. When LASAOE # is asserted, the LA to SA output buffers of the
F543s are enabled.

SALAOE # out SA TO LA ADDRESS OUTPUT ENABLE: SALAOE # is connected to the LA
output buffer enables of the F543s. This signal functionally is the exact opposite of
LASAOE # signals. The ESC asserts SALAOE # during ISA master cycles. When
LASAOE # is asserted, the SA to LA output buffers of the F543s are enabled.

Type Description

2.9.2 COPROCESSOR INTERFACE

Pin :
Name Type Description
FERR # in NUMERIC CO-PROCESSOR ERROR: FERR # signal is tied to the Co-processor

error signal of the CPU. If FERR # is asserted (Co-processor error detected by the
CPU), an internal IRQ13 is be generated and the INT from the ESC will be asserted.

IGNNE # out IGNORE ERROR: IGNNE # is tied to the ignore numeric error pin of the CPU.
IGNNE # is asserted and internal IRQ13 is negated from the falling edge of IOWC #
during an 170 write to location 00FOh. IGNNE # will remain asserted until FERR # is
negated. Upon reset, this signal is driven negated (high).

2.9.3 BIOS INTERFACE

Pin
Name

LBIOSCS # out LATCHED BIOS CHIP-SELECT: LBIOSCS # indicates that the current address is
for the system BIOS. The ESC generates this signal by decoding the EISA LA
addresses. The ESC uses a transparent latch to latch the decoded signal. The
LBIOSCS# is latched on the falling edge of BALE and qualified with REFRESH #.

Type Description
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2.9.4 KEYBOARD CONTROLLER INTERFACE
Pin
Name

KYBDCS # out KEYBOARD CHIP SELECT: KYBDCS # is connected to the chip select of the
82C42. KYBDCS # is active for 1/0 addresses 0060h~0064h.

ALTRST# out ALTERNATE RESET: ALTRST # is used to reset the CPU under program control.
This signal is AND’ed together externally with the reset signal (RSTAR #) from the
keyboard controller to provide a software means of resetting the CPU. This
provides a faster means of reset than is provided by the Keyboard controller.
Writing a 1 to Bit 0 in the Port 92 register will cause this signal to pulse active (low)
for approximately 4 BCLK’s. Before another ALTRST # pulse can be generated, Bit
0 must be written back to a 0. Upon RESET, this signal is driven high (Bit 2 in the
Port 92 register is reset low).

ALTA20 out ALTERNATE A20: ALTA20 is used to force A20M # to the CPU low for support of
real mode compatible software. This signal is externally OR’ed with the ALTA20
signal from the Keyboard controller and CPURST to control the A20M # input of
the CPU. Writing a “0” to Bit 1 of Port 92h register will force ALTA20 inactive (fow).
This in turn will drive A20M # to the CPU low, if A20GATE from the keyboard
controller is also low. Writing a “1” to Bit 1 of the Port 92h register will force
ALTA20 active (high), which in turn will drive A20M# to the CPU high, regardless of
the state of ALTA20 from the keyboard controller. Upon reset, this signal is driven
low.

ABFULL in AUXILIARY BUFFER FULL: ABFULL is tied directly to the ABFULL signal on the
keyboard controller on the system board. This signal indicates that the keyboard
controller auxiliary buffer for the mouse interface is full. If the Mouse Interrupt
Function bit (offset 4Dh bit 4) is enabled, then the ABFULL signal is connected to
the internal IRQ12 (IRQ12 is also available for external use). On a low to high
transition on ABFULL the internal IRQ12 is asserted (the internal IRQ12 transitions
from low to high if the IRQ12 in the Interrupt controller is programmed for edge
triggered mode, the internal IRQ12 is asserted low if the IRQ12 in the interrupt
controller is programmed for level triggered mode. A low to high transition on
ABFULL will be latched by the ESC. This high level will remain latched internally
until an 170 read to port 60h (falling edge of IORC #) or reset (RESET #) has been
detected. If this function is not used, ABFULL should be tied low through a 1k
resistor.

Type Description

2.9.5 REAL TIME CLOCK INTERFACE
Pin
Name
RTCALE out REAL TIME CLOCK ADDRESS LATCH ENABLE: RTCALE is directly connected to
the system Real Time Clock. The RTC uses this signal to latch the appropriate

memory address. A write to port 070h with the appropriate Real Time Clock memory
address that will be written to or read from will cause RTCALE to go active.

RTCRD# out REAL TIME CLOCK READ COMMAND: RTCRD # is asserted for /0 reads from
address 0071h. If the Power On Password protection is enabled (/0 Port 92h bit
3=1) then for accesses to RTC addresses 36h-3Fh (Port 70h) RTCRD # will not be

asserted

RTCWR # out REAL TIME CLOCK READ COMMAND: RTCWR # is asserted for |/0 writes to
address 007 th. If the Power On Password protection is enabled (I/0 Port 92h bit
3=1) then for accesses to RTC addresses 36h-3Fh (Port 70h) RTCWR # will not be
generated.

Type Description
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2.9.6 FLOPPY DISK CONTROLLER INTERFACE

Pin
Name

FDCCS # out FLOPPY DISK CONTROLLER CHIP-SELECT: FDCCS# is asserted for 1/0 cycles
to the floppy drive controller. See Section 11.6 for details of the floppy drive
controller decode.

DSKCHG in DISK CHANGE: DSKCHG signal is tied directly to the DSKCHG signal of the floppy
controller. This signal is inverted and driven onto system data line 7 (SD7) during
170 read cycles to floppy address locations 3F7h (primary) or 377h (secondary) as
indicated by the table below.

Type Description

NOTE:
The primary and secondary locations are programmed in the
X-Bus Address Decode Enable/Disable Register “A”.

FDCCS# | IDECSx# | State of SD7 (output) | State of XBUSOE #
Decode Decode

Enabled Enabled Tri-stated Enabled

Enabled Disabled Driven via DSKCHG Disabled

Disabled Enabled Tri-stated Disabled (note)

Disabled Disabled Tri-stated Disabled
NOTE:

This mode is not supported because of potential contention
between the X-Bus buffer and a floppy on the ISA bus
driving the system bus at the same time during shared I/0
accesses.

This signal is also used to determine if the floppy controller is present on the X-Bus.
Itis sampled on the trailing edge of RESET, and if high, the floppy is present. For
systems that do not support a floppy via the ESC, this pin should strapped low. If
sampled low, the SD7 function, and XBUSOE # will not be enabled for accesses to
the floppy disk controller.

DLIGHT # out FIXED DISK ACTIVITY LIGHT: DLIGHT # is used to control the fixed disk X light.
When low, the light is on. When high, the light is off. If either Bit 6 or Bit 7 of the Port
92 register is set to a 1 (Bit 6 and 7 are internally NOR’ed together), DLIGHT # is
driven active (low). Setting both Bits 6 and 7 low will cause DLIGHT# to be driven
high.

2.9.7 CONFIGURATION RAM INTERFACE

Pin
Name

CRAMRD # out CONFIGURATION RAM READ COMMAND: CRAMRD # is connected directly to
the system Configuration RAM. The ESC asserts CRAMRD# for 1/0 reads from
the address range programmed into the low and high bytes of the configuration
RAM command registers.

CRAMWR # out CONFIGURATION RAM WRITE COMMAND: This is an active Low output.
CRAMWR # is connected directly to the system Configuration RAM. The ESC
activates CRAMWR # for 1/0 writes to the address range programmed into the
low and high bytes of the configuration RAM command registers.

Type Description

41



mtel 82374EB ADVANGCE INFORMATION

29.8 X-BUS CONTROL AND GENERAL PURPOSE DECODE

Pin 3
Name Type Description
XBUSTR# out X-BUS DATA TRANSMIT/RECEIVE: XBUSTR # is tied directly to the direction

control of a 74F245 that buffers the X-Bus data, XD(7:0), from the system data
bus, SD(7:0). XBUSTR # is driven high (transmit) for I/0 reads from EISA
master, ISA master, and DMA cycles. XBUSTR # is also driven high if BIOS
space has been decoded for memory cycles. XBUST/R # signal will also be -
driven high during DMA 1/0 write cycles for which the X-Bus BIOS has been
selected. XBUSTR # is driven low (receive) at all other times. This signal is
generated independent of X-Bus peripheral decode. Upon reset, this signal is
driven low (receive).

XBUSOE # out X-BUS DATA OUTPUT ENABLE: XBUSOE # is tied directly to the output
enable of a 74F245 that buffers the X-Bus data, XD(7:0), from the system data
bus, SD(7:0). XBUSOE # is driven active (low) anytime a ESC supported X-Bus
device has been decoded, and the device decode has been enabled in the
corresponding configuration registers with the exception of the following
conditions. XBUSOE # will not be driven active under the following conditions:
(1) during an I/0 access to the floppy controller if DSKCHG is sampled low at
reset, (2) if the Digital Output Register is programmed to ignore DACK2 #, (3)
during an I/0 read access to floppy location 3F7h (primary) or 377h (secondary)
if the IDE decode space is disabled (i.e., IDE is not resident on the X-Bus). The
XBUSOE # signal is driven high during any access to a X-Bus peripheral in
which its decode space has been disabled through the configuration registers.
Upon reset, this signal is negated (high).

GPCS[2:01#/ out These are dual function signals. The function of these pins is selected through
ECS[2:0] the Mode Select Register bit 4.

GENERAL PURPOSE CHIP SELECT: GPCS[2:0] # are Chip Selects for
peripheral devices. The peripheral devices can be mapped in the 1/0 range by
programming the General Purpose Chip Select Base Address registers and
General Purpose Mask registers (offset 64h~6Eh).

ENCODED CHIP SELECT: ECS[2:0] provide encoded chip select decoding for
serial ports, parallel port, IDE and general purpose devices. The device chip
selects for the peripheral devices are generated by using a F138 with ECS[2:0]
as inputs.

Refer to Section 11.9 for details.

2.10 Testing
Pin
Name

Type Description

TEST# in TEST: TEST # is used to tristate all of the outputs. During normal operation this pin
should be tied to ground.
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3.0 ESC REGISTER DESCRIPTION

The ESC contains ESC configuration registers, DMA
registers, Timer Unit registers, Interrupt Unit regis-
ters, and EISA configuration registers. All of the reg-
isters are accessable from the EISA bus. During a
reset the ESC sets its internal registers to predeter-
mined default states. The default values are indicat-
ed in the individual register descriptions.

3.1 ESC Configuration Registers

ESC configuration registers are accessed through
an indexing scheme. The index address register is
located at I/0O address 0022h, and the index data
register is located at I/0 address 0023h. The offset
(data) written into the index address register selects
the desired configuration register. Data for the se-
lected configuration register can be read from or
written to by performing a read or a write to the index
data register. See Table 4-3 for a summary of config-
uration register index addresses.

3.1.1 ESCID—ESC ID REGISTER

Register Name: ESC ID
Register Location: 02h
Default Value: 00h
Attribute: Read/Write
Size: 8 bits

Since the ESC configuration registers are accessed
by the index addressing mechanism using I/0 Ports
22h, and 23h, it is possible that another device in the
system might use the same approach for configura-
tion. In order to avoid contention with similar index
register devices, the ID register must be written with
OFh. The ESC will not respond to accesses to any
other configuration register until the ID byte has
been written in the ESC ID Register.

0 Bit

00h

Default

L—— ESC ID Byte(RO)
A value of OFh enables access to
ESC configuration registers

290476-3

Figure 3-1. ESC ID Register
Table 3-1. ESC ID Register

Bit #

Description

except this register, are disabled.

7:0 ESC ID BYTE: These bits must be written to a value of OFh before the ESC will respond to any
other configuration register access. After a reset has occurred all of the configuration registers,
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3.1.2 RID—REVISION ID REGISTER

Register Name:  Revision ID
Register Offset:  08h
Default Value: 00h

This 8-bit register contains device stepping informa-
tion. Writes to this register have no effect.

Attribute: Read only
Size: 8 bits
7 0 Bit
00h Default
Revision ID Byte(RO)
00h value represents
"A" step silicon
2004764
Figure 3-2. Revision ID Register
Table 3-2. Revision ID Register
Bit # Description

value.

7.0 REVISION ID BYTE: These bits contain the stepping information about the device. The register is
hardwired during manufacturing. The register is read only. Writes have no affect on the register
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3.1.3 MS—MODE SELECT REGISTER This register selects the various functional modes of
Register Name:  Mode Select the ESC.

Register Location: 40h
Default Value: 20h

Attribute:
Size:

Read/Write
8 bits

Contfiguration Ram Address (R/W)— 01 = 6 EISA Masters, 8 Slot Specific AENs, 2 PCI IRQs
1=Enabled 10 = 7 EISA Masters, 8 Slot Specific AENs, 1 PC1 IRQs
0=Disabled 11 = 8 EISA Masters, 8 Slot Specific AENs, 0 PCI IRQs

7 6 5 4 3 2 1 0 Bt
l R |1|0IOIRI00|DefauIt

Reserved EISA Master Support (R/W)
00 = 4 EISA Masters, 4 Slot Specific AENSs, 4 PCI IRQs

General Purpose R d
Chip Selects (RIW) — Heserve
1=ECS[2:0] pins enabled L— System Error (R/W)
0=GPCS[2:0}# pins enabled 1 = SERR# generated NMI enabled
0 = SERR# generated NMI disabled and clear

290476-5

Figure 3-3. Mode Select Register

Table 3-3. Mode Select Register

Bit #

Description

76

RESERVED.

CONFIGURATION RAM ADDRESS: This bit is used to enable or disable the Configuration RAM
Page Address (CPG[4:0]) generation. If this bit is set to 1, accesses to the Configuration RAM
space will generate the RAM page address on the LA[31:27] # pins. If this bit is set to 0, the
CPG[4:0] signals will not be activated. The default for this is bit is “1”.

GENERAL PURPOSE CHIP SELECTS: This bit is used to select the functionality of the
GPCSI[2:0] #/ECS[2:0] pins. If the bit is set to 0, the GPCS[2:0] # functionality is selected. If the
bitis set to 1, the ESC[2:0] functionality is selected.

SYSTEM ERROR: This bit is used to disable or enable the generation of NMI based on SERR #
signal pulsing active.

RESERVED.

1:0

EISA MASTER SUPPORT: These bit combinations determine the functionality of pins AEN[4:1]/
EAEN([4:1], MACK[3:0] #/EMACKI3:0], and MREQ[7:4] # /PIRQ[0:3] #. Bit[1,0] = 00 selects 4
EISA Masters, 4 Slot Specific AENs, and 4 PCI IRQs. For this combination the pin functionality is
AEN[4:1], MACK[3:0] #, and PIRQ[0:3] #. For any other combination of Bit[1,0] the encoded pins
are selected i.e., EAEN[4:1], and EMACKI[3:0].
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3.1.4 BIOSCSA—BIOS CHIP SELECT
REGISTER

Register Name:  BIOS Chip Select A

Register Location: 42h, 43h

Default Value: 10h, 00h

The LBIOSCS# signal is used to decode access to
the motherboard BIOS. The ESC decodes memory
access to the following address ranges, and if the
range has been enabled the LBIOSCS# signal is
always asserted for memory reads in the enabled
BIOS range. If the BIOS Write Enable bit is set in the
configuration register BIOSCSB, the LBIOSCS# is

Attribute:

Size:

Read/Write also asserted for memory write cycles.
8 bits

7 6 5 4 3 2 1 0 Bit
R | 0j1[0] 0] 1] 0] Default

Reserved —I |— Low BIOS 1 (R/W)

1=Enabled
Enlarged BIOS (R/W) ——— 0=Disabled
1=Enabled

O=Disabled

Low BIOS 2 (R/W)
High BIOS (R/W) 1=Enabled
1=Enabled 0=Disabled

0=Disabled L Low BIOS 3 (R/W)
1=Enabled
0O=Disabled

~— Low BIOS 4 (R'W)
1=Enabled

0=Disabled
290476-6

Figure 3-4. BIOSCSA Register
Table 3-4. BIOSCSA Register

Bit #

Description

7:6

RESERVED.

ENLARGED BIOS: During Memory access to locations FFF80000h—FFFDFFFFh with this bit set,
LBIOSCS # will be asserted for memory read cycles. If bit 3 of BIOSCSB is set then LBIOSCS #
will be asserted for write cycles as well.

HIGH BIOS: During Memory access to locations 0F0000h—OFFFFFh, FFO00Oh—-FFFFFFh,
FFFF0000h-FFFFFFFFh with this bit set, LBIOSCS # will be asserted for memory read cycles. If
bit 3 of BIOSCSB is set then LBIOSCS # will be asserted for write cycles as well.

LOW BIOS 4: During Memory access to locations 0EC000h-O0EFFFFh, FFEEC0O00h-
FFEEFFFFh, FFFECO00h-FFFEFFFFh with this bit set, LBIOSCS # will be asserted for memory
read cycles. If bit 3 of BIOSCSB is set then LBIOSCS # will be asserted for write cycles as well.

LOW BIOS 3: During Memory access to locations 0E8000h-0EBFFFh, FFEE8000h~
FFEEBFFFh, FFFEBOOOh FFFEBFFFh with this bit set, LBIOSCS # will be asserted for memory

~E DIMCNOD in o
fead cycies. If bit 3 of BIOSCSB is set then LBIOSCS# will be asserted for write cycles as well,
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Table 3-4. BIOSCSA Register (Continued)
Bit # Description

1 LOW BIOS 2: During Memory access to locations 0E4000h—0E7FFFh, FFEE4000h—
FFEE7FFFh, FFFE4000h—FFFE7FFFh with this bit set, LBIOSCS # will be asserted for memory
read cycles. If bit 3 of BIOSCSB is set then LBIOSCS # will be asserted for write cycles as well.

0 LOW BIOS 1: During Memory access to locations 0EO000h—0E3FFFh, FFEEOO0Oh-
FFEE3FFFh, FFFEQO0Oh-FFFE3FFFh with this bit set, LBIOSCS # will be asserted for memory
read cycles. If bit 3 of BIOSCSB is set then LBIOSCS # will be asserted for write cycles as well.

3.1.5 BIOSCSB—BIOS CHIP SELECT The LBIOSCS# signal is used to decode access to
REGISTER the motherboard BIOS. The ESC decodes memory
access to the following address ranges, and if the
Register Name:  BIOS Chip Select B range has been enabled the LBIOSCS# signal is
Regi ion: 4 always asserted for memory reads in the enabled
egistar Location: 42h, 43h BIOS range. If the BIOS Write Enable bit is set in the
Default Value:  10h, 00h configuration register BIOSCSB, the LBIOSCS# is
Attribute: Read/Write also asserted for memory write cycles.
Size: 8 bits
7 6 5 4 3 2 t 0 Bit
0] 0] 0} O | Default
Reserved ——-J I— Low VGA BIOS (R/W)
1=Enabled
BIOS Write Enable (R/W) 0=Disabled
1=Enabled
0O=Disabled High VGA BIOS (R/W)
16 Meg BIOS (R/W) 1=Enabled
1=Enabled 0=Disabled
O=Disabled
290476-7

Figure 3-5. BIOSCSB Register

Table 3-5. BIOSCSB Register
Bit # Description
74 RESERVED.

3 BIOS WRITE ENABLE: When enabled LBIOSCS # is asserted for memory read AND write cycles
for addresses in the decoded and enabled BIOS range, otherwise LBIOSCS # is asserted for
memory read cycles ONLY.

2 16 MEG BIOS: During Memory access to locations FFO000h-FFFFFFh with this bit set,
LBIOSCS # will be asserted for memory read cycles. If bit 3 of BIOSCSB is set then LBIOSCS #
will be asserted for write cycles as well.

1 HIGH VGA BIOS: During Memory access to locations 0C4000h—0C7FFFh with this bit set,
LBIOSCS # will be asserted for memory read cycles. If bit 3 of BIOSCSB is set then LBIOSCS #
will be asserted for write cycles as well.

0 LOW VGA BIOS: During Memory access to locations 0C0000h—0C3FFFh with this bit set,
LBIOSCS # will be asserted for memory read cycles. If bit 3 of BIOSCSB is set then LBIOSCS #
will be asserted for write cycles as well.
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3.1.6 CLKDIV—EISA CLOCK DIVISOR - This register is used to select the integer value used
REGISTER to divide the PCI clock (PCICLK) to generate the
EISA Bus Clock (BCLK). in addition, the register pro-
Register Name:  EISA Clock Divisor vides a bit to enable/disable the ABFULL function,
Register Location: 4Dh and a bit to enable/disable the co-processor error
Default Value:  xx00x000b support.
Attribute: Read/Write
Size: 8 bits
7 6 5 4 3 2 1 0 Bit
R 0]JO{R 000 Default
Reserved —I Clock Divisor (R/W)
000 = 4 (33.33Mhz)
Co-processor Error (R/W) 001 = 3 (25Mhz)
1=Enabled 010 = Reserved
O=Disabled Reserved 011 = Reserved
Mouse Interrupt (R/W) 1xx = Reserved
1=Enabled
0=Disabled
200476-8

Figure 3-6. EISA Clock Divisor Register

Table 3-6. EISA Clock Divisor Register
Bit # Description
7:6 RESERVED.

5 CO-PROCESSOR ERROR: The state of this bit determines if the FERR # signal is connected to
the ESC internal IRQ13 interrupt signal. If this bitis set to “1”, the ESC will assert IRQ13 to the
interrupt controller if FERR # signal is asserted. If this bit is set to “0”, then the FERR # signal is
ignored by the ESC (i.e., this signal is not connected to any logic in the ESC).

4 MOUSE INTERRUPT: The state of this bit determines if the ABFULL signal is connected to the
ESC internal IRQ12 interrupt signal. If this bit is set to “1”, a low to high transition on the ABFULL
signal will generate interrupt on the IRQ12 signal. If this bit is set to “0”, then the ABFULL signal is
ignored by the ESC (i.e., this signal is not connected to any logic in the ESC).

3 RESERVED.

2.0 CLOCK DIVISOR: These bits are used to select the integer that is used to divide the PCICLK
down to generate the BCLK. Upon reset, these bits are set to 000b (divisor or 4).

Bit2 | Bit1 | Bito Divisor BCLK
0 0 0 4(33.33 MHz) | 8.33 MHz
0 0 1 3 (25 MH2) 8.33 MHz
0 1 0 Reserved
0 1 1 Reserved
1 X X Reserved
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3.1.7 PCSA—PERIPHERAL CHIP SELECT A

This register is used to enable or disable accesses

REGISTER to the RTC, keyboard controller, Floppy Disk control-
ler, and IDE. Disabling any of these bits will prevent
Register Name:  Peripheral Chip Select A the chip select and X-Bus transceiver control signal
Regi tion: 4Eh (XBUSOE #) for that device from being generated.
egister Loca. fon: 4E This register is also used to select which address
Default Value: xx000111b range (primary or secondary) will be decoded for the
Attribute: Read/Write resident floppy controller and IDE. This insures that
Size: 8 bits there is no contention with the X-Bus transceiver
driving the system data bus during read accesses to
these devices.
7 6 5§ 4 3 2 1 0 Bit
R 0{0]O0 |1 |1]| 1] Default
Reserved —-' L RTC Decode (R/W)
1=Enabled
Floppy Disk and IDE (R/W) 0=Disabled
1=Secondary address space
0=Primary address space Keyboard Controller Decode (R/W)
IDE Decode (R/W) 1=Enabled
1=Enabled 0O=Disabled
0=Disabled

~ Floppy Disk Decode (R/W)
(3FOh-3F1h) or (370h-371h)
1=Enabled

0=Disabled

— Floppy Disk Decode (R/W)
(3F2h-3F7h) or (372h -377h)
1=Enabled

0=Disabled

290476~-9

Figure 3-7. PCSA Register
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Table 3-7. PCSA Register

Bit #

Description

7:6

RESERVED.

5,3:2

FLOPPY DISK AND IDE, FLOPPY DISK DECODES: Bits 2 and 3 are used to enable or disable
the floppy locations as indicated. Bit 2 defaults to enabled (1) and bit 3 defaults to disabled (0)
when a reset occurs. Bit 5 is used to select between the primary and secondary address range
used by the Floppy Controller and the IDE. Only primary or only secondary can be programmed at
any one time. This bit defaults to primary (0).

The following table shows how these bits are used to select the floppy controlier:

Address Bit2 | Bit3 | Bit5 | DSKCHG | FDCCS#

X X 0 1
3F0h, 3F1h 0
3F2h-3F7h 0 (note)
370h, 371h 0
372h-37Fh 0 (note)

1
X
1

- X = X X

X
0
0
1
1

x
- o

NOTE:
If IDE decode is enabled, all accesses to locations 03F6h and 03F7h (primary) or 0376h and
0377h (secondary) will result in decode for IDECS1# (FDCCS # will not be generated). An
external AND gate can be used to tie IDECS1# and FDCCS# together to insure that the floppy is
enabled for these accesses (refer to Figure 17-1).

IDE DECODE: Bit 4 is used to enable or disable IDE locations 1FOh-1F7h (primary) or 170h-
177h (secondary) and 3F6h, 3F7h (primary) or 376h, 377h (secondary). When this bit is set to 0,
the IDE encoded chip select signals and the X-Bus transceiver signal (XBUSOE #) are not
generated for these addresses.

KEYBOARD CONTROLLER DECODE: Enables (1) or disables (0) the Keyboard Controller
address locations 60h, 62h, 64h, and 66h. When this bit is set to 0, the Keyboard Controller
encoded chip select signals and the X-Bus transceiver signal (XBUSOE #) are not generated for
these locations.

REAL TIME CLOCK DECODE: Enables (1) or disables (0) the RTC address locations 70h - 77h.
When this bit is set to 0, the RTC encoded chip select signals RTCALE, RTCRD, RTCWR #, and
XBUSOE # signals are not generated for these addresses.

3.1.8 PCSB—PERIPHERAL CHIP This register is used to enable or disable generation
SELECT B REGISTER of the X-Bus transceiver signal (XBUSOE #) for ac-

cesses to the serial ports and parallel port locations.

Register Name:  Peripheral Chip Select B When disabled, the XBUSOE # signal for that device

Register Location: 4Fh

will not be generated.

Default Value: CFh

Attribute:
Size:

Read/Write
8 bits
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7 6 5 4 3 2 1 0 Bit
11 00 1 11 | Default
CRAM Decode (R/W) -—j 1 Serial Port A Address Decode (R/W)
1=Enabled COM1, COM2
0=Disabled
Serial Port B Address Decode (R/W)
Port 92h Decode (R/W) COM1, Com2
1=Enabled Parallel Port Decode (R/W)
0=Disabled LPT1, LPT2, LPT3
290476-10

Figure 3-8. Peripheral Chip Select B Register
Table 3-8. Peripheral Chip Select B Register

Bit # Description

7 CRAM DECODE: This bit is used to enable (1) or disable (0) I/0 write accesses to location 0C00h
and I/0 read/write accesses to locations 0800h-08FFh. The configuration RAM read and write
(CRAMRD #, CRAMWR #) strobes are valid for accesses to 0800h-08FFh.

6 Port 92 DECODE: This bit is used to disable (0) access to Port 92. This bit defaults to enable (1)
at PCIRST.

5:4 PARALLEL PORT DECODE: These bits are used to select which Parallel Port address range
(LPT1, 2, or 3) is decoded.

Bit5 Bit4
0 0 LPT1 (3BCh-3BFh)
0 1 LPT2 (378h-37Fh)
1 0 LPT3 (278h-27Fh)
1 1 Disabled

3:2 SERIAL PORT B ADDRESS DECODE: If either COM1 or COM2 address ranges are selected.
These bits default to disabled upon PCIRST.

Bit3 Bit2
0 0 3F8h-3FFh (COM1)
0 1 2F8h-2FFh (COM2)
1 0 Reserved
1 1 Port A disabled

1.0 SERIAL PORT A ADDRESS DECODE: If either COM1 or COM2 address ranges are selected.
These bits default to disabled upon PCIRST.

Bit1 BiIt0
0 0 3F8h-3FFh (COM1)
0 1 2F8h-2FFh (COM2)
1 0 Reserved
1 1 Port A disabled
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3.1.9 EISAID[4:1]—EISA ID REGISTERS These 8-bit registers contain the EISA motherboard
ID. The data in the register is reflected on the data
Register Name:  EISA ID Register (Byte 1, Byte 2, bus for 1/0 cycles addressed to 0C80h-0C83h re-
Byte 3, Byte 4) spectively.
Register Offset:  50h, 51h, 52h, 53h

Default Value: 00h, 00h, 00h, 00h

Attribute: Read/Write only
Size: 8 bits
7 0 Bit
00h Defauit
———— EISA ID Bytes(R/W)

Contains the Motherboard ID
290476-11

Figure 3-9. EISA ID Registers

Table 3-9. EISA 1D Registers
Bit # Description

7:0 EISA ID BYTE: These bits contain the EISA Motherboard ID information. On Power up these bits
default to 00h. These bits are written with the ID value during configuration. The value of these
bits are reflected in I/0 registers 0C80h-0C83h.
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3.1.10 SGRBA—SCATTER-GATHER RELOCATE The value programmed in this register determines

BASE ADDRESS REGISTER

Register Name:

Register Location: 57h
Default Value: 04h

S8-G Relocate Base Address

the high order 1/0 address of the S-G registers. The
default value is 04h.

Attribute: Read/Write
Size: 8 bits
7 0 Bit
04h Default
L $-G Relocate Byte(R/W)
Determines byte 1 of the I/O
address for the Scatter
Gather Registers
290476-12
Figure 3-10. S-G Relocate Base Address Register
Table 3-10. S-G Relocate Base Address Register
Bit # Description
7.0

S-G RELOCATE BYTE: These bits determine the I/0 location of the Scatter-Gather Registers.
The Scatter-Gather register relocation range is xx10h-xx3Fh (default 0410h - 043Fh). These bits
determine the Byte 1 of the /0 address. Address signals LA[15:8] are compared against the
contents of this register (Bit[7:0]) to determine I/0 accesses to the Scatter-Gather registers. The

default on Power up is 04h.
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3.1.11 PIRQ[0:3] #—PIRQ ROUTE These registers control the routing of PCI Interrupts
CONTROL REGISTERS (PIRQI0:3] #) to the PC compatible Interrupts. Each
: PCl interrupt can be independently routed to 1 of 11
Register Name:  PIRQO#, PIRQ1#, PIRQ2#, compatible interrupts.
PIRQ3+# Route Control

Register Location: 60h, 61h, 62h, 63h
Default Value: 80h

Attribute: Read/Write

Size: 8 bits

Bits IRQx#
0000000 Reserved
v 6 S5 438 2 1 0 Bt 0000001  Reserved
110 0 0 0 0 0 O 0000010 Reserved
i Default 0000011 IRQ3

. 0000100 IRQ4
Routing of Interrupts (R/W) 0000110 IRQ6
1 =Disa%|ed ad 0000111 IRQ7
0=Enabled 0001000 Reserved

0001001 IRQ9
0001010 IRQ10
0001011 IRQ11
0001100 IRQ12
0001101 = Reserved
0001110 IRQ14
0001111 IRQ15

0010000
to Reserved
1111111
290476-13

Figure 3-11. PIRQ Route Control Registers

Table 3-11. PIRQ Route Control Register
Bit # Description

7 ROUTING OF INTERRUPTS: When enabled this bit routes the PCl interrupt signal to the PC
compatible interrupt signal specified in bits[6:0]. After a reset or a power-on this bit is disabled
(setto 1).

6:0 IRQx# ROUTING BITS: These bits specify which IRQ signal to generate when the PCI Interrupt
for this register has been triggered.
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3.1.12 GPCSLA[2:0]—GENERAL PURPOSE This register contains the low byte of the General
CHIP SELECT LOW ADDRESS Purpose Peripheral mapping address. The contents
REGISTER of this register are compared with the LA[7:0] ad-

dress lines. The contents of this register, the

Register Name:  General Purpose Chip Select GPCSHA Register and the GPCSM Register control

Low Address the generation the GPCS[2:0]# signal or the

Register Location: 64h, 68h, 6Ch ESC[2:0] signal (101, 110 combination). If Mode Se-

9 I lect Register (offset 40h) bit 4 = 1, offset register
Default Value: 00h 6Ch is ignored.

Attribute: Read/Write
Size: 8 bits
7 0 Bit
00h Default
L—— GPCS Low Address Byte(R/W)
Compared with LA[7:0] to generate
the GPCS[2:0}# signal

290476-14

Figure 3-12. General Purpose Chip Select Low Address Byte Register

Table 3-12. General Purpose Chip Select Low Address Byte Register’
Bit # Description

7:0 GPCS LOW ADDRESS BYTE: The contents of these bits are compared with the address lines
LA[7:0] to generate the GPCS[2:0] # signal or the ECS[2:0] combination for this register. The
mask register-(GPCSM[2:0]) determines which bits to use during the comparison.
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3.1.13 GPCSHA[2:0]—GENERAL PURPOSE This register contains the high byte of the General
CHIP SELECT HIGH ADDRESS Purpose Peripheral mapping address. The contents
REGISTER of this register are compared with the LA[15:8] ad-

dress lines. The contents of this register, the
Register Name:  General Purpose Chip Select GPCSLA Register and the GPCSM Register control

High Address the generation the GPCS[2:0]# signal or the
Register Location: 65h, 69h, 6Dh ESC[2:0] signal (101, 110 combination). If Mode Se-
gister Locatio 6 ) lect Register (offset 40h) bit 4 = 1, offset register
Default Value: COh 6Dh is ignored.
Attribute: Read/Write
Size: 8 bits
7 0 Bit
CoOh Defauit
L—— GPCS High Address Byte(R/W)
Compared with LA[15:8] to generate
the GPCS[2:0}# signal
290476~15

Figure 3-13. General Purpose Chip Select High Address Byte Register

Table 3-13. General Purpose Chip Select High Address Byte Register
Bit # Description

7:0 GPCS HIGH ADDRESS BYTE: The contents of these bits are compared with the address lines
LA[15:8] to generate the GPCS[2:0] # signal or the ECS[2:0] combination for this register.
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3.1.14 GPCSM[2:0]—GENERAL PURPOSE CHIP This register contains the mask bits for determining
SELECT MASK REGISTER the address range for which the GPCSx# signals

are generated. If a register bit is set to a 1 then the

Register Name:  General Purpose Chip Select corresponding bit in the GPCSL register is not com-

Mask Register pared with the address signal in the generation of
Register Location: 66h, 6Ah, 6Eh the GPCSx # signals. If Mode Select Register (offset
egister Location 6 40h) bit 4 = 1, offset register 6Eh is ignored.
Default Value: 00h
Attribute: Read/Write
Size: 8 bits
7 0 Bit
00h Default
L——— GPCS Mask Register (R/W)
Determines what bits to compare
GPCSL. register with LA[7:0]

290476-16

Figure 3-14. General Purpose Chip Select Mask Register
Table 3-14. General Purpose Chip Select Mask Register

Bit # Description

7:0 GPCS MASK REGISTER: The contents of these bits are used to determine which bits to compare
GPCSLA[2:0] with the address lines LA[7:0]. A 1 bit means the bit should not be compared.
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3.1.15 GPXBC—GENERAL PURPOSE The register controls the generation of the X-Bus
PERIPHERAL X-BUS CONTROL buffer output enable (XBUSOE #) signal for i/0 ac-
REGISTER cesses to the peripherals mapped in the General

: Purpose Chip Select address decode range. This

Register Name:  General Purpose Peripheral register determines if the General Purpose Peripher-

X-Bus Control al is placed on the X-Bus or not. If the General Pur-

Register Location: 6Fh pose Peripheral is on ’t,he X-Bus than the corre-

Default Value: 3000 X000b Eggr\dlng bit is set to ““1”. Otherwise the bit is set to

Attribute: Read/Write

Size: 8 bits

7 6 5 4 3 2 1 0 Bit
R 0] 0| 0| Default
Reserved -—-J l— XBUSOE# Generation for GPCS0# (R/W)
1=Enabled
XBUSOE# Generation for GPCS2# (R/W) O=Disabled
1=Enabled
0=Disabled XBUSOE# Generation for GPCS1# (R/W)
1=Enabled
0=Disabled
29047617
Figure 3-15. General Purpose Peripheral X-Bus Control Register
Table 3-15. General Purpose Peripheral X-Bus Control Register
Bit # Description

7:3 RESERVED.

2 XBUSOE # GENERATION FOR GPCS2+#: When this bit is enabled XBUSOE # will be generated
when GPCS2# is generated.

1 XBUSOE # GENERATION FOR GPCS1#: When this bit is enabled XBUSOE # will be generated
when GPCS1 # is generated.

0 XBUSOE # GENERATION FOR GPCS0+#: When this bit is enabled XBUSOE # will be generated
when GPCS0+# is generated.
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3.1.16 TEST CONTROL REGISTER

Register Name:  Test Control Register
Register Location: 88h

Default Value: 00h

Attribute: Read/Write

Size: 8 bits

This register provides control for ESC manufacturing
test modes. The functionality of this register is re-
served.

3.2 DMA Register Description

The ESC contains DMA circuitry that incorporates
the functionality of two 82C37 DMA controllers
(DMA1 and DMA2). The DMA registers control the
operation of the DMA controllers and are all accessi-
ble from the EISA Bus. This section describes the
DMA registers. Unless otherwise stated, a reset sets
each register to its default value. The operation of
the DMA is further described in Chapter 6.0, DMA
Controller.

3.2.1 DCOM—COMMAND REGISTER

Register Name: DMA Command

Register Location: 08h—Channels 0-3
0DOh—Channels 4-7

Default Value: 00000000b
Attribute: Wirite Only
Size: 8 bits

This 8-bit register controls the configuration of the
DMA. It is programmed by the microprocessor in the
Program Condition and is cleared by reset or a Mas-
ter Clear instruction. Note that disabling Channels
4-7 will also disable Channels 0-3, since Channels
0-3 are cascaded onto Channel 4. The DREQ and
DACK# channel assertion sensitivity is assigned by
channel group, not per individual Channel. For priori-
ty resolution the DMA consists of two logical chan-
nel groups—Channels 0-3 (Controller 1-DMA1)
and Channels 4-7 (Controller 2-DMA2). Both
groups may be assigned fixed priority, one group
can be assigned fixed priority and the second rotat-
ing priority, or both groups may be assigned rotating
priority. A detailed description of the channel priority
scheme is found in the DMA functional description,
Section 6.5. Following a reset or DMA Master Clear,
both DMA-1 and DMA-2 are enabled in fixed priority,
the DREQ sense level is active high, and the
DACK# assertion level is active low.

2 1 0 Bit

7 6 5
0j0 )R
DACKit Assert Level (R/W) —I
1=Active High
O=Active Low

DREQ Sense Assert Level (R/W)
1=Active Low
O=Active High

Reserved —

R|O R Default
L Reserved
DMA Channel Group Enable (R/W)
1=Disabled
O=Enabled
Reserved
[ DMA Group Arbitration (R/W)

1=Rotating Priority
O=Fixed Priority
290476-18

Figure 3-16. DMA Command Register
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Table 3-16. DMA Command Register

Description

DACK# ASSERT LEVEL: Bit 7 controls the DMA channel request acknowledge (DACK #)
assertion level. Following reset, the DACK # assertion level is active low. The low level indicates
recognition and acknowledgement of the DMA request to the DMA slave requesting service.
Writing a 0 to Bit 7 assigns active low as the assertion level. When a 1 is written to this bit, a high
level on the DACK # line indicates acknowledgement of the request for DMA service to the DMA
slave.

DREQ SENSE ASSERT LEVEL: Bit 6 controls the DMA channel request (DREQ) assertion detect
level. Following reset, the DREQ sense assert level is active high. In this condition, an active high
level sampled on DREQ is decoded as an active DMA channel request. Writing a 0 to Bit 6
assigns active high as the sense assert level. When a 1 is written to this bit, a low level on the
DREQ line is decoded as an active DMA channel request.

5,3,1:0

RESERVED: Must be 0.

DMA GROUP ARBITRATION: Each channel group is individually assigned either fixed or rotating
arbitration priority. At reset, each group is initialized in fixed priority. Writing a 0 to Bit 4 assigns
fixed priority to the channel group, while writing a 1 assigns rotating priority to the group.

DMA GROUP ENABLE: Writing a 1 to this bit disables the DMA channel group, while writing a 0
to this bit enables the DMA channel group. Both channel groups are enabled following reset.
Disabling Channel group 4-7 also disables Channel group 0-3, which is cascaded through
Channel 4.

3.22 DCM—DMA CHANNEL MODE REGISTER Each channel has a 6-bit Mode register associated

with it. The Mode registers provide control over DMA

Register Name:  DMA Channel Mode Transfer type, transfer mode, address increment/
Register Location: 0Bh—Channels 0-3 decrement, and autoinitialization. When writing to

0D6h—Channels 4-7 the register, Bits [1:0] determine which channel’'s
Mode register will be written and are not stored.

Default Value: 000000xxb Only Bits [7:2] are stored in the mode register. This

Attribute:
Size:

Write Only register is set to the default value upon reset and

6 bits Master Clear. Its default value is Verify transfer, Au-
toinitialize disable, Address increment, and Demand
mode. Channel 4 defaults to cascade mode and
cannot be programmed for any mode other than
cascade mode.

Address Increment/Decrement Select DMA Transfer Type
1 = Decrement 00 = Verify Transfer

0 = Increment 01 = Write Transfer

7 6 5 4 3 2 1 0 Bit
00 0|0 00 xx Default

DMA Transfer Mode —'—' I— DMA Channel Select
00 = Demand Mode 00 = Channel 0 or 4
01 = Single Mode 01 =Channel 1 or5
10 = Block Mode 10 = Channel 2 or 6
11 = Cascade Mode 11 = Channel 3or 7

Autoinitialize —
1 = Enabled
0 = Disabled

10 = Read Transfer
11 = lllegal
xx = if bits 6 and 7 are 1
200476-19

Figure 3-17. DMA Channel Mode Register
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Table 3-17. DMA Channel Mode Register

BIit # Description

76 DMA TRANSFER MODE: Each DMA channel can be programmed in one of four different modes:
single transfer, block transfer, demand transfer and cascade.
Bit7 Bit6 Transfer Mode

0 0 Demand mode
0 1 Single mode
1 0 Block mode
1 1 Cascade mode

5 ADDRESS INCREMENT/DECREMENT SELECT: Bit 5 controls address increment/decrement
during multi-byte DMA transfers. When bit 5 = 0, address increment is selected. When bit 5 = 1,
address decrement is selected. Address increment is the default after a PCIRST# cycle or
Master Clear command. _ ;

4 AUTOINITIALIZE ENABLE: When bit 4 = 1, the DMA restores the Base Page, Address, and
Word count information to their respective current registers following a terminal count (TC). When
bit 4 = 0, the autoinitialize feature is disabled and the DMA does not restore the above mentioned
registers. A PCIRST # or Master Clear disables autoinitialization (sets bit 4 to 0).

3:2 DMA TRANSFER TYPE: Verify, write and read transfer types are available. Verify transfer is the
default transfer type upon PCIRST # or Master Clear. Write transfers move data from an /0
device to memory. Read transfers move data from memory to an I/0 device. Verify transfers are
pseudo transfers; addresses are generated as in a normal read or write transfer and the device
responds to EOP etc. However, with Verify transfers, the ISA memory and I/0 cycle lines are not
driven. Bit combination 11 is illegal. When the channel is programmed for cascade ([7:6] = 11)
the transfer type bits are irrelevant.

Bit3 Bit2 Transfer Type
0 0 Verify transfer
0 1 Write transfer
1 0 Read transfer
1 1 llegal

1:0 DMA CHANNEL SELECT: Bits [1:0] select the DMA Channel Mode Register that will be written
by bits [7:2].

Bit1 Bit0 Channel
0 -0 Channel 0 (4)
0 1 Channel 1 (5)
1 0 Channel 2 (6)
1 1 Channel 3 (7)
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3.2.3 DCEM—DMA CHANNEL EXTENDED
MODE REGISTER
Register Name: . DMA Channel Extended Mode

Register Location: 040Bh—Channels 0-3
04D6h—Channels 4-7

Default Value: 000000xxb
Attribute: Write Only
Size: 6 bits

Each channel has a 6-bit Extended Mode register
associated with it. The register is used to program
the DMA device data size, timing mode, EOP input/
output selection, and Stop register selection. When
writing to the register, Bits [1:0] determine which
channel’s Extended Mode register will be written
and are not stored. Only Bits [7:2] are stored in the
extended mode register. Four timing modes are
available: ISA-compatible, A, B, and Burst.

The default bit values for each DMA group are se-
lected upon reset. A Master Clear or any other pro-
gramming sequence will not set the default register
settings. The default programmed values for DMA1
Channels 0-3 are 8-bit |/0 Count by Bytes, Compat-
ible timing, and EOP output. The default values for
DMA2 Channels 4-7 are 16-bit 1/0. Count by Words
with shifted address, Compatible timing, and EOP
output. These default settings provide a rigorous
ISA-compatible DMA implementation.

. NOTE:
DMA1/DMA2 refer to the original PC-AT implemen-
tation which used two discrete 8237 DMA control-
lers. In this context DMA1 refers to DMA Channels
0-3 and DMA2 refers to DMA Channels 4-7. The
PC-AT used Channel 4 (Channel 0 of DMA2) as a
cascade channel for DMA1. Consequently, Channel
4 is not used in compatible DMA controliers al-
though the compatible DMA registers are kept to
maintain compatibility with the original PC-AT. Be-
cause Channel 4 is not used, the DMA controller
does not support extended registers for Channel 4.

7 6 5 4

3 2 1 0 Bit

010 00

00 XX Defauit

EOP Inputhutput(WO)J
1 = Input
0 = Output

Stop Register(WO)
1 = Enabled
0 = Disabled

DMA Cycle Timing Mode(WO) —
00 = Compatible Timing

01 =Type A

10 =Type B

11 = Type C (Burst)

l—— DMA Channel Select(WO)
00 = Channel 0 or 4
01 =Channel 1 or5
10 = Channel 2 or 6
11 =Channel 3 or 7

Addressing Mode(WO)

00 = 8-bit I/0, count by bytes

01 = 16-bit I/0, count by words
10 = 32-bit /O, count by bytes
11 = 16-bit I/O, count by bytes
(Defaults: DMA1=00, DMA2=01)

290476-20

Figure 3-18. DMA Channel Extended Mode Register
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Table 3-18. DMA Channel Extended Mode Register

Description

EOP INPUT/OUTPUT: Bit 7 of this register selects whether or not the Stop registers associated
with this channel are to be used. Normally the Stop Registers will not be used. This function was
added to help support data communication or other devices that work from a ring buffer in
memory. Upon reset, the Bit 7 is set to *“0”-Stop register disabled. The detailed Stop register
functional description discusses the use of the Stop registers.

STOP REGISTER: Bit 6 of the Extended Mode register selects whether the EOP signal is to be
used as an output during DMA on this channel or an input. EOP will generally be used as an
output; as was available on the PCAT. The input function was added to support Data
Communication and other devices that would like to trigger an autoinitialize when a collision or
some other event occurs. The direction of EOP is switched when DACK is changed (when a
different channel wins the arbitration and is granted the bus). There may be some overlap of the
ESC driving the EOP signal along with the DMA slave. However, during this overlap both devices

- will be driving the signal to a low level (negated). For example, assume Channel 2 is about to go

inactive (DACK negated) and channel 1 is about to go active. If Channel 2 is programmed for
“EOP OUT” and Channel 1 is programmed for “EOP IN”, when Channel 2’s DACK is negated
and Channel 1’s DACK is asserted, the ESC may be driving EOP to a low value on behalf of
Channel 2 at the same time the device connected to Channel 1 is driving EOP in to the ESC, also
at an inactive level. This overlap will only last until the ESC EOP output buffer is tri-stated, and will
not effect the DMA operation. Upon reset, the value of Bit 6 is 0 (EOP output selected).

5:4

DMA CYCLE TIMING MODE: The ESC supports four DMA transfer timings: ISA-compatible, Type
A, Type B, and Burst. Each timing and its corresponding code are described below. Upon reset,
compatible timing is selected and the value of these bits is “00”. The cycle timings noted below
are for a BCLK (8.33 MHz) (maximum BCLK frequency) DMA cycles to ISA expansion bus
memory will default to compatible timing if the channel is programmed in one of the performance

timing modes (Type A, B, or Burst).

00 Compatible Timing
DMA slaves on the ISA bus may run compatible DMA cycles. Bits [5:4] must be programmed
to “00”. Compatible timing is provided for DMA slave devices, which, due to some design
limitation, cannot support one of the faster timings. Compatible timing runs at 9 BCLKs (1080
ns/single cycle) and 8 BCLKs (960 ns/cycle) during the repeated portion of a BLOCK or
DEMAND mode transfers.

01 Type “A” Timing
Type “A” timing is provided to allow shorter cycles to EISA memory. If ISA memory is
decoded, the system automaticallly reverts to ISA DMA type compatible timing on a cycle-by-
cycle basis. Type “A” timing runs at 7 BCLKs (840 ns/single cycle) and 6 BCLKs (720 ns/
cycle) during the repeated portion of a BLOCK or DEMAND mode transfer. Type “A” timing
varies from compatible timing primarily in shortening the memory operation to the minimum
allowed by system memory. The I/0 portion of the cycle (data setup on write, 1/0 read access
time) is the same as with compatible cycles. The actual active command time is shorter, but it
is expected that the DMA devices which provide the data access time or write data setup time
should not require excess IOR# or IOW# command active time. Because of this, most ISA
DMA devices should be able to use type “A” timing.

10 Type “B” Timing
Type “B” timing is provided for 8-bit and 16-bit ISA or EISA DMA devices which can accept
faster 170 timing. Type “B’ only works with EISA memory. Type “B” timing runs at 6 BCLKs
(720 ns/single cycle) and 4 BCLKs (480 ns/cycle) during the repeated portion of a BLOCK or
DEMAND mode transfer. Type “B” timing requires faster DMA slave devices than compatible
timing in that the cycles are shortened so that the data setup time on 1/0 write cycles is
shortened and the 1/0 read access time is required to be faster. Some of the current ISA
devices should be able to support type “B” timing, but these will probably be more recent
designs using relatively fast technology.
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Table 3-18. DMA Channel Extended Mode Register (Continued)

Bit #

Description

5.4

DMA CYCLE TIMING MODE: (Continued)

11

Type “C"” Timing (Burst) .
Burst timing is provided for high performance EISA DMA devices. The DMA slave device
needs to monitor the EXRDY and IORC# or IOWC# signals to determine when to change the
data (on writes) or sample the data (on reads). This timing will allow up to 33 MBytes per
second transfer rate with a 32-bit DMA device and 32-bit memory. Note that 8-bit or 16-bit
DMA devices are supported (through the programmable Address size) and that they use the
“byte lanes” natural to their size for the data transfer. As with all bursts, the system will revert
to two BCLK cycles if the memory does not support burst. When a DMA burst cycle accesses
non-burst memory and the DMA cycle crosses a page boundary into burstable memory, the
ESC will continue performing non-burst cycles. This will not cause a problem since the data is
still transferred correctly.

3:2

ADDRESSING MODE: The ESC supports 8-, 16-, and 32-bit DMA device data sizes. The four
data size options are programmable with Bits [3: 2] Both the 8-bit 170, “Count By Bytes” Mode
and the 16-bit /0, *“Count By Words” (Address Shifted) Mode are ISA compatible. The 16-bit and
32-bit 170, “Count By Bytes’ Modes are EISA extensions. Byte assembly/disassembly is
performed by the EISA Bus Controller. Each of the data transfer size modes is discussed beiow.

00

01

10

"

8-bit 170, “Count By Bytes” Mode
In 8-bit 170, “count by bytes” mode, the address counter can be programmed to any address.
The count register is programmed with the “number of bytes minus 1" to transfer.

16-bit 1/0, “Count By Words” (Address Shifted) Mode

in “count by words” mode (address shifted), the address counter can be programmed to any
even address, but must be programmed with the address value shifted right by one bit. The
Page registers are not shifted during DMA transfers. Thus, the least significant bit of the Low
Page register is ignored when the address is driven out onto the bus. The Word Count register
is programmed with the number of words minus 1 to be transferred.

32-Bit 1/0, “Count By Bytes” Mode

In 32-bit “count by bytes” mode, the address counter can be programmed to any byte
address. For most DMA devices, however, it should only be programmed to a double-word
aligned address. If the starting address is not double-word aligned then the DMA controller will
do a partial dword transfer during the first and last transfers if necessary. The bus controller
logic will do the byte/word assembly necessary to read or write any size memory device and
both the DMA and bus controllers support burst for this mode. In this mode, the Address
register is usually incremented or decremented by four and the byte count is usually
decremented by four. The Count register should be programmed with the number of bytes to
be transferred minus 1.

16-Bit 170, “Count By Bytes”” Mode

In 16-bit “count by bytes” mods, the address counter can be programmed to any byte
address. For most DMA devices, however, it should be programmed only to even addresses.
If the address is programmed to an odd address, then the DMA controller will do a partial word
transfer during the first and last transfer if necessary. The bus controller will do the byte/word
assembly necessary to write any size memory device. In this mode, the Address register is
incremented or decremented by two and the byte count is decremented by the number of
bytes transferred during each bus cycle. The Word Count register is programmed with the
“number of bytes minus 1” to be transferred. This mode is offered as an extension of the two
ISA compatible modes discussed above. This mode should only be programmed for 16-bit ISA
DMA slaves.

1:0

DMA CHANNEL SELECT: Bits [1:0] selects the particular channel that will have its DMA Channel
Extend Mode Register programmed with bits [7:2].

Bit

- =00

1 Bito Channel
0 Channel 0 (4)
1 Channel 1 (5)
0 Channel 2 (6)
1 Channel 3 (7)
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3.2.4 DR—DMA REQUEST REGISTER

Register Name: DMA Request

Register Location: 09h—Channels 0-3
0D2h—Channels 4-7

Default Value: 000000xxb

Attribute: Write Only

Size: 4 bits

Each channel has a Request bit associated with it in
one of the two 4-bit Request registers. The Request
register is used by software to initiate a DMA re-
quest. The DMA responds to the software request

as though DREQIx] is asserted. These requests are
non-maskable and subject to prioritization by the Pri-
ority Encoder network (refer to the Channel Priority
Functional Description). Each register bit is set or
reset separately under software control or is cleared
upon generation of a TC. The entire register is
cleared upon reset or a Master Clear. It is not
cleared upon a RSTDRV output. To set or reset a
bit, the software loads the proper form of the data
word. Bits [1:0] determine which channel Request
register will be written. In order to make a software
request, the channel must be in Block Mode. The
Request register status for DMA1 and DMA2 is out-
put on Bits [7:4] of a Status register read to the ap-
propriate port.

DMA Channel Service Request(WO)
1 = Set request bit
0 = Reset request bit

7 6 5 4 3 2 1 0 Bit
R 00 XX Default
Reserved —J !-— DMA Channel Select(WO)

00 = Channel O or 4
01 =Channel 1 or5
10 = Channel 2 or 6
11 =Channel 3or 7

290476-21

Figure 3-19. DMA Request Register
Table 3-19. DMA Request Register

Bit # Description
73 RESERVED: (must be 0)

2 DMA CHANNEL SERVICE REQUEST: Writing a O to Bit 2 resets the individual software DMA
channel request bit. Writing a 1 to Bit 2 will set the request bit. The request bit for each DMA
channel is reset to 0 upon a reset or a Master Clear.

10 DMA CHANNEL SELECT: Bits [1:0] select the DMA channel mode register to program with bit 2.
Bit1 Bito0 Channel
0 o] Channel 0
.0 1 Channel 1 (5)
1 0 Channel 2 (6)
1 1 Channel 3 (7)
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3.2.5 MASK REGISTER—WRITE SINGLE MASK

BIT '
Register Name:  Mask Register—Write  Single
Mask Bit

Register Location: 0Ah—Channels 0-3
) 0D4h—Channels 4-7
Default Value: 000001xxb
Attribute: Write Only
Size: 1 bit/channel

Each DMA channel has a mask bit that can disable
an incoming DMA channel service request DREQ{x]
assertion. Two 4-bit registers store the current mask
status for DMA1 and DMA2. Setting the mask bit
disables the incoming DREQIx] for that channel.

Clearing the mask bit enables the incoming

DREQIx]. A channel’'s mask bit is automatically set
when the Current Word Count register reaches ter-
minal count (unless the channel is programmed for
autoinitialization). Each mask bit may also be ‘set or
cleared under software control. The entire register is
also set by a reset or a Master Clear. Setting the
entire register disables all DMA requests until a clear
Mask register instruction allows them to occur. This
instruction format is similar to the format used with
the Request register.-

Individually masking DMA Channel 4 (DMA control-
ler 2, Channel 0) will automatically mask DMA Chan-
nels [3:0], as this Channel group is logically cascad-
ed onto Channel 4. Setting this mask bit disables the
incoming DREQ’s for Channels [3:0]. »

1 = Set mask bit
0 = Clear mask bit

DMA Channel Mask Set/Clear (WO) —

7 6 5 4 3 2 1 0 Bit
R 1 XX Defauit
Reserved ——-J l—— DMA Channel Select (WO)

00 = Channel 0 or 4
01 =Channel 1 or 5
10 =Channel2 or 6
11 =Channel3or7
290476-22

Figure 3-20. Mask Register Single Bit

Table 3-20. Mask Register Single Bit

Bit #

7:3 RESERVED: (must be 0)

Description

incoming DREQ for the elected channel.

2 DMA CHANNEL MASK SET/CLEAR: Writing a 1 to Bit 2 sets the mask bit and disables the
incoming DREQ for the selected channel. Writing a 0 to Bit 2 clears the mask bit and enables the

1.0
bit 2.
Bit1 Bit0 Channel
0 Channel 0 (4)

0
0 1 Channel 1 (5)
1 0 Channel 2 (6)
1 1 Channel 3 (7)

DMA CHANNEL SELECT: Bits [1:0] select the DMA Channel Mode Register to program with
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3.2.6. MASK REGISTER—WRITE ALL MASK
REGISTER BITS

Mask Register-Write All Mask
) Register Bits

Register Location: OFh—Channels 0-3
: ODEh—Channels 4-7

Register Name:

Default Value:

00001111b
Attribute: Read/Write
Size: 4 bits

This command allows enabling and disabling of in-
coming DREQ assertions by writing the mask bits for
each controller, DMA1 or DMA2, simultaneously
rather than by individual channel as is done with the
“Write Single Mask Bit” command. Two 4-bit regis-
ters store the current mask status for DMA1 and
‘DMAZ2. Setting the mask bit disables the incoming
DREQIx] for that channel. Clearing the mask bit en-
ables the incoming DREQIx]. Unlike the “Write Sin-
gle Mask Bit” command, this command includes a

status read to check the current mask status of the
selected DMA channel group. When read, the mask
register current status appears on Bits [3:0]. A chan-
nel’s mask bit is automatically set when the Current
Word Count register reaches terminal count (unless
the channel is programmed for autoinitialization).
The entire register is also set by a reset or a Master
Clear. Setting the entire register disables all DMA
requests until a clear Mask register instruction al-
lows them to occur.

Two important points should be taken into consider-
ation when programming the mask registers. First,
individually masking DMA Channel 4 (DMA control-
ler 2, Channel 0) will automatically mask DMA Chan-
nels [3:0], as this channel group is logically cascad-
ed onto Channel 4. Second, masking off DMA con-
troller 2 with a write to port ODEh will also mask off
DREQ assertions from DMA controller 1 for the
same reason: when DMA Channel 4 is masked, so
are DMA Channels 0-3.

1=Set Mask bit
0=Clear Mask bit

Channel 2 or 6 Mask bit (R/W)
1=Set Mask bit
0=Clear Mask bit

7 6 5 4 3 2 1 0 Bit
R 11|11 Default
Reserved J J I— Channel 0 or 4 Mask bit (R/W)
Channel 3 or 7 Mask bit (R/W) 1=Set Mask bit

0=Clear Mask bit
Channel 1 or 5 Mask bit (R/W)
1=Set Mask bit
=Clear Mask bit

200476--23

Figure 3-21. Mask Register All Bits
Table 3-21. Mask Register All Bits

Bit #

Description

7:4 | RESERVED: Must be 0

Bit Channel
0 04
1 1(5
2 2 (6)
3 3(7)

3:0 CHANNEL MASK BITS: Setting the bit(s) to a 1 disables the corresponding DREQ(s). Setting the
bit(s) to a 0 enables the corresponding DREQ(s). Bits [3:0] are set to 1 upon PCIRST # or Master
Clear. When read, bits [3:0] indicate the DMA channel [3:0] ([7:4]) mask status.

NOTE:
Disabling channel 4 also disables channels 0-3 due to the cascade of DMA1 through channel 4
of DMA2. : :
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3.27 DS—DMA STATUS REGISTER Each DMA controller has a read-only Status register.

. A Status register read is used when determining
Register Name: = Status which channels have reached terminal count and
Register Location: 08h—Channeéls 0-3 which channels have a pending DMA request. Bits

0DOh—Channels 4-7 [3:0] are set every time a TC is reached by that

: . : channel. These bits are cleared upon reset and on
Default Value: 00h : each Status Read. Bits [7:4] are set whenever their
Attribute: Read Only corresponding channel is requesting service.

Size: 8 bits

7 6 5 4 3 2 1 0 Bit

0000 0000 Defauit
Request Status(RO) ‘J _ L Terminal Count (RO)
1 = DREQ request pending ‘ 1=Reached TC
0 = no request pending O=Not at TC

290476-24

Figure 3-22. DMA Status Register

Table 3-22. DMA Status Register
Bit # Description

7:4 | REQUEST STATUS: When a valid DMA request is pending for a channel (on its DREQ signal

line), the corresponding bit is set to 1. When a DMA request is not pending for a particular

channel, the corresponding bit is set to 0. The source of the DREQ may be hardware, a timed-out
block transfer, or a software request. Note that channel 4 does not have DREQ or DACK lines, so -
the response for a read of DMA2 status for channel 4 is irrelevant.

Bit Channel
4 0
5 1(5)
6 2 (6)
7 3(7)

3:0 TERMINAL COUNT STATUS: When a channel reaches terminal count (TC), its status bit is set to
1. If TC has not been reached, the status bit is set to 0. Note that channel 4 is programmed for
cascade, and is not used for a DMA transfer. Therefore, the TC bit response for a status read on
DMAZ for channel 4 is irrelevant.

Bit Channel

0 0
1 1(5)
2 2(6) -
3 3(7)
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3.2.8 DMA BASE AND CURRENT ADDRESS
REGISTER (8237 COMPATIBLE
SEGMENT) .

DMA Base and Current Address
Register (8237 Compatible Seg-
ment)

000h—DMA Channel 0
002h—DMA Channel 1
004h—DMA Channel 2 -
006h—DMA Channel 3
0COh—DMA Channel 4
0C4h—DMA Channel 5
0C8h—DMA Channel 6
0CCh—DMA Channel 7

Register Name:

Register Location:

Default Value: 0000h
Attribute: Read/Write
Size: 16 bits per channel

Each channel has a 16-bit Current Address register.
This register holds the value of the 16 least signifi-
cant bits of the full 32-bit address used during DMA
transfers. The address is automatically incremented
or decremented after each transfer and the interme-
diate values of the address are stored in the Current
Address register during the transfer. This register is
written to or read from by the microprocessor or bus
master in successive 8-bit bytes. The programmer
must issue the “Clear Byte Pointer Flip-Flop” com-

mand to reset the internal byte pointer and correctly
align the write prior to programming the Current ad-
dress register. After clearing the Byte Pointer Flip-
flop, the first write to the Current Address port pro-
grams the low byts, Bits [7:0], and the second write
programs the high byte, Bits [15:8]. This procedure
applies for read cycles also. It may also be re-initial-
ized by an Autoinitialize back to its original value.
Autoinitialize takes place only after a TC or EOP.

Each channel has a Base Address register located
at the same port address as the corresponding Cur-
rent Address register. These registers store the orig-
inal value of their associated Current registers. Dur-
ing autoinitialize these values are used to restore the
Current registers to their original values. The Base
registers are written simultaneously with their corre-
sponding Current register in successive 8-bit bytes
by the microprocessor. The Base registers cannot
be read by any external agents.

In Scatter-Gather Mode these registers store the
lowest 16 bits of the current memory address. Dur-
ing .a Scatter-Gather transfer the DMA will load a
reserve buffer into the base memory address regis-
ter.

In Chaining Mode, these registers store the lowest
16 bits of the current memory address. The CPU will
program the base register set with a reserve buffer.

15

0 Bit

0000h

Default

Base and Current Address(R/W)
DMA Channel Base and
Current Address Value

290476-25

Figure 3-23. DMA Base and Current Address Register -
Table 3-23. DMA Base and Current Address Register

Bit #

Description

15:0

BASE AND CURRENT ADDRESS: These bits represent the 16 least significant address bits used
during DMA transfers. Together with the DMA Low Page register, they help form the ISA-
compatible 24-bit DMA address. As an extension of the ISA compatible functionality, the DMA
High Page register completes the 32-bit address needed when implementing ESC extensions:
such as DMA to the PCI bus slaves that can take advantage of full 32-bit addressablllty Upon
reset or Master Clear, the value of these bits is 0000h.
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3.29 DMA BASE AND CURRENT BYTE/WORD
COUNT REGISTER (8237 COMPATIBLE
SEGMENT)

Register Name: ~DMA Base and Current Byte/
Word Count Register (8237

Compatible Segment)

001h—DMA Channel 0
. 003h—DMA Channel 1
005h—DMA Channel 2
-007h—DMA Channel 3
0C2h—DMA Channel 4
0C6h—DMA Channel 5
0CAh—DMA Channel 6
0CEh—DMA Channel 7

0000h
Read/Write
16 bits per channel

Register Location:

" Default Value:
Attribute:
Size:

Each channel has a 16-bit Current Byte/Word Count
register. This register determines the lower 16 bits
for the number of transfers to be performed. There is
a total of 24 bits in the Byte/Word Count registers.
The uppermost 8 bits are in the High Byte/Word
Count register. The actual number of transfers will
be one more than the number programmed in the
Current Byte/Word Count register (i.e., programming
a count of 100 will result in 101 transfers). The byte/
word count is decremented after each transfer. The
intermediate value of the byte/word count is stored
in the register during the transfer. When the value in
the register goes from zero to OFFFFFFh a TC will
be generated.

Following the end of a DMA service it may also be
re-initialized by an Autoinitialization back to its origi-
nal value. Autoinitialize can occur only when a TC
occurs. If it is not Autoinitialized, this register will
have a count of FFFFh after TC.

When the Extended Mode register is programmed
for “count by word” transfers to/from a 16-bit 1/0,
with shifted address, the Byte/Word count will indi-
cate the number of 16-bit words to be transferred.

When the Extended Mode register is programmed
for “‘count by byte” transfers, the Byte/Word Count
will indicate the number of bytes to be transferred.
The number of bytes does not need to be a muiltiple
of the transfer size in this case.

Each channel has a Base Byte/Word Count register
located at the same port address as the correspond-
ing Current Byte/Word Count register. These regis-
ters store the original value of their associated Cur-
rent registers. During Autoinitialize these values are
used to restore the Current registers to their original
values. The Base registers cannot be read by any
external agents.

In Scatter-Gather mode these registers store the
lowest 16 bits of the current Byte/Word Count. Dur-
ing a Scatter-Gather transfer the DMA will load a
reserve buffer into the base Byte/Word Count regis-
ter.

In Chaining Mode these registers store the lowest
16 bits of the current Byte/Word Count. The CPU
will then program the base register set with a re-
serve buffer.

15

0 Bit

0000h

Default

Base and Current Byte/Word Count(R/W)
DMA Channel Base and
Current Byte/Word Count Value

290476-26

Figure 3-24. DMA Base and Current Byte/Word Count Register
Table 3-24. DMA Base and Current Byte/Word Count Reg|ster

Bit #

nngprlnhnn

16:0

BASE AND CURRENT BYTE/WORD COUNT: These bits represent the lower 16 byte/word
count bits used when counting down a DMA transfer. Upon reset or Master Clear, the value of
these bits is 0000h.
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3.2.10 DMA BASE AND CURRENT HIGH BYTE/
WORD COUNT REGISTER DMA BASE
HIGH BYTE/WORD COUNT REGISTER

DMA Base and Current High
Byte/Word Count (Read/Write)
DMA Base High Byte/Word
Count (Write Only)

Register Location: 401h—DMA Channel 0

‘ 403h—DMA Channel 1
405h—DMA Channel 2
407h—DMA Channel 3
4C6h—DMA Channel 5
4CAh—DMA Channel 6
4CEh—DMA Channel 7

Register Name:

Default Value: 00h
Attribute: Read/Write
Size: 8 bits per channel

Each channel has a 8-bit Current High Byte/Word
Count register. This register. provides the uppermost
8 bits for the number of transfers to be performed.
The byte/word count is decremented after each
transfer. The intermediate value of the byte/word
count is stored in the register during the transfer.
When the value in the register goes from zero to
FFFFh, a TC may be generated.

Following the end of a DMA service it may also be
re-initialized by an Autoinitialization back to its origi-
nal value. Autoinitialize can occur only when a TC
occurs. If it is not Autoinitialized, this register will
have a count of FFFFh after TC.

The High Byte/Word Count register must be the last
Byte/Word Count register programmed. Writing to

the 8237 Compatible Byte/Word Count registers will
clear the High Byte/Word Count register to 00h.

When the Extended Mode register is programmed
for “count by word” transfers to/from a 16-bit 1/0,
with shifted address, the Byte/Word count will indi-
cate the number of 16-bit words to be transferred.

When the Extended Mode register is programmed
for “count by byte” transfers, the Byte/Word Count
will indicate the number of bytes to be transferred.
The number of bytes does not need to be a multiple
of the transfer size in this case.

Each channel has a Base High Byte/Word Count
register located at the same port address as the cor-
responding Current High Byte/Word Count register.
These registers store the original value of their asso-
ciated Current registers. During Autoinitialize these
values are used to restore the Current registers to
their original values. Normally, the Base registers are
written simultaneously with their corresponding Cur-
rent register in successive 8-bit bytes by the micro-
processor. However, in Chaining Mode only the
Base register set is programmed and the Current
register is not affected. The Base registers cannot
be read by any external agents.

In Scatter-Gather mode these registers store the
lowest 8 bits of the current High Byte/Word Count.
During a Scatter-Gather transfer the DMA will load a
reserve buffer into the base High Byte/Word Count
register.

In Chaining Mode these registers store the lowest
8 bits of the current High Byte/Word Count. The
CPU will then program the base register set with a
reserve buffer. )

0

00h

Base and Current High Byte/Word Count(R/W)
DMA Channel Base and
Current High Byte/Word Count Value

Bit
Default

290476-27

Figure 3-25. DMA Base and Current High Byte/Word Count Register
Table 3-25. DMA Base and Current High Byte/Word Count Register

Bit #

Description

7:0

of these bits is 00h.

BASE AND CURRENT HIGH BYTE/WORD COUNT: These bits represent the 8 high order byte/
word count bits used when counting down a DMA transfer. Upon reset or Master Clear, the value
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3.2.11 DMA MEMORY LOW PAGE REGISTER
DMA MEMORY BASE LOW PAGE

REGISTER
Register Name: . DMA Memory Low Page
: (Read/Write)
DMA Memory Base Low Page
(Write Only)

Register Location: 087h—DMA Channel 0
. 083h—DMA Channel 1

081h—DMA Channel 2

082h—DMA Channel 3

08Bh—DMA Channel 5

089h—DMA Channe! 6

08Ah—DMA Channel 7

DefaultValue:  OOh
Size:- 8 bits per channel

Each channel has an 8-bit Low Page register associ-
ated with it. The DMA memory Low Page register
contains the eight second most-significant bits of the
32-bit address. It works in conjunction with the DMA
controller’s High Page register and Current Address
register to define the complete (32-bit) address for
the DMA channel. This 8-bit register is read or writ-
ten directly by the processor or bus master. It may

also be re-initialized by an- Autoinitialize back to its
original value. Autoinitialize takes place only after a
TC or EOP.

Each channel has a Base Low Page Address regis-
ter located at the same port address as the corre-
sponding Current Low Page register. These registers
store the original value of their associated Current
Low Page registers. During Autoinitialize these val-
ues are used to restore the Current Low Page regis-
ters to their original values. The 8-bit Base Low Page
registers are written simultaneously with their corre-
sponding Current Low Page register by the micro-
processor. The Base Low Page registers cannot be
read by any external agents.

During Scatter-Gather these registers store the
8 bits from the third byte of the current memory ad-
dress. During a Scatter-Gather transfer the DMA will
load a reserve buffer into the base memory address-
register.

In Chaining Mode these registers store the 8 bits
from the third byte of the current memory address.
The CPU will program the base register set with a
reserve buffer.

0 - Bit

00h

Default

DMA Low Page and Base Low Page
Eight second most significant bits
of the full 32-bit address

290476-28

Figure 3-26. DMA Memory Low Page and Base Low Page Register

Table 3-26. DMA Memory Low Page and Base Low Page Register

Bit #

Description

7:0 DMA LOW PAGE AND BASE LOW PAGE: These bits represent the eight second most-
significant address bits when forming the full 32-bit address for a DMA transfer. Upon reset or
Master Clear, the value of these bits is 00h. :
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3.2.12 DMA PAGE REGISTER These registers have no effect on the DMA opera-
: tion. These registers provide exira storage space in
Register Name:  DMA Page (Read/Write) the 1/0 space for DMA routines.
Register Location: 080h, 84h, 85h, 86h, 88h, 8Ch,
8Dh, 8Eh
Default Value: xxh
Attribute: Read/Write
Size: 8 bits
7 0 Bit
xxh’ Default
———— DMA Page(R/W)
- No function
200476-29

Figure 3-27. DMA Page Register

Table 3-27. DMA Page Register
Bit # Description

7:0 DMA PAGE: These bits have no effect on the DMA operation. These bits only provide storage
space in the 1/0 map.
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3.2.13 DMA LOW PAGE REFRESH REGISTER The contents of this register are driven on the ad-
‘ i ) dress byte 2 (LA[23:16] #) during Refresh cycles.
Register Name:  DMA Low Page Refresh i :

Register Location: 08Fh

Defauit Value: xxh
Attribute: Read/Write
Size: ) 8 bits
7 0 Bit
xxh Default
——— DMA Low Page Refresh(R/W)
The value is driven on LA[23:16]#
during Refresh
, 290476-30
Figure 3-28. DMA Low Page Refresh Register
Table 3-28. DMA Low Page Refresh Register
Bit # Description
7.0 DMA LOW PAGE REFRESH: The contents of the bits are driven on to the address bus during
refresh. ‘
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3.2.14 DMA MEMORY HIGH PAGE REGISTER
DMA MEMORY BASE HIGH PAGE

REGISTER
Register Name:© DMA Memory High Page
(Read/Write)
DMA Memory Base High Page
(Write Only)

Register Location: 0487h—DMA Channel 0
0483h—DMA Channel 1
0481h—DMA Channel 2
0482h—DMA Channel 3
048Bh—DMA Channel 5
0489h—DMA Channel 6
048Ah—DMA Channel 7

Default Value: 00h
Size: 8 bits per channel

Each channel has an 8-bit High Page register. The
DMA memory High Page register contains the eight
most-significant bits of the 32-bit address. It works in
conjunction with the DMA controller's Low Page reg-
ister and Current Address register to define the com-
plete (32-bit) address for the DMA channels and cor-
responds to the “Current Address” register for each
channel. This 8-bit register is read or written directly
by the processor or bus master. It may also be re-ini-
tialized by an Autoinitialize back to its original value.
Autoinitialize takes place only after a TC or EOP.

This register is reset to 00h during the programming
of both the low page register and the Current Ad-
dress register. Thus, if this register is not pro-
grammed after the other address and Low Page reg-
isters are programmed, then its value will be zero. In
this case, the DMA channel will operate the same as

an 82C37 (from an addressing standpoint). This is
the address compatibility mode.

If the high 8 bits of the address are programmed
after the other addresses, then the channel will
modify its operation to increment (or decrement) the
entire 32-bit address. This is unlike the 82C37
“Page” register in the original PCs which could only
increment to a 64k boundary (for 8-bit channels) or
128k (for 16-bit channels). This is extended address
mode. In this mode, the ISA bus controller will gen-
erate the signals MEMR # and MEMW # only for ad-
dresses below 16 Mbytes.

Each channel has a Base High Page Address regis-
ter located at the same port address as the corre-
sponding Current High Page Address register.
These registers store the original value of their asso-
ciated Current registers. During Autoinitialize these
values are used to restore the Current registers to
their original values. The 8-bit Base High Page regis-
ters are written simultaneously with their corre-
sponding Current register by the microprocessor.
The Base registers cannot be read by any external
agents.

During Scatter-Gather these registers store the
8 bits from the highest byte of the current memory
address. During a Scatter-Gather transfer the DMA
will load a reserve buffer into the base memory ad-
dress register.

In Chaining Mode these registers store the 8 bits
from the highest byte of the current memory ad- -
dress. The CPU will program. the base register set
with a reserve buffer.

0 Bit

00h

Default

—— DMA High Page and Base High Page
Eight most significant bits
of the full 32-bit address

290476-31

Figure 3-29. DMA Memory High Page and Base High Page Register

Table 3-29. DMA Memory High Page and Base High Page Register

Bit #

Description

the value of these bits is 00h.

7:0 DMA HIGH PAGE AND BASE HIGH PAGE: These bits represent the eight most-significant
address bits when forming the full 32-bit address for a DMA transfer. Upon reset or Master Clear,
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3.2.15 DMA HIGH PAGE REGISTER REFRESH The contents of this register are driven on the ad-

dress byte 3 (LA[31:24] #) during Refresh cycles.

Register Name: DMA High Page Register Re-
‘ fresh (Read/Write) :
Register Location: 048Fh
Defauit Value: xxh
Attribute: Read/Write
Size: 8 bits per channel
7 0 Bit
xxh Default
——— DMA High Page Refresh(R/W)
The value is driven on LA[31:24]#
during Refresh
290476-32
. Figure 3-30. DMA High Page Refresh Register
Table 3-30. DMA High Page Refresh Register
Bit # Description
70 DMA HIGH PAGE REFRESH: The contents of the bits are driven on to the address bus during
refresh
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3.2.16 STOP REGISTERS Default Value: See Below

Register Name:  Stop Registers Attribute:  Read/Write
] ' P Size: See Below

Register Location:

04E0h—CHO Stop Reg Bits [7:2]
04E1h—CHO Stop Reg Bits [15:8]
04E2h—CHO Stop Reg Bits [23:16]
04E4h—CH1 Stop Reg Bits [7:2]
04E5h—CH1 Stop Reg Bits [15:8]
04E6h—CH1 Stop Reg Bits [23:16]
04E8h—CH2 Stop Reg Bits [7:2]
04E9h—CH2 Stop Reg Bits. [15:8]
04EAh—CH2 Stop Reg Bits [23:16]
04ECh—CH3 Stop Reg Bits [7:2]
04EDh—CHS3 Stop Reg Bits [15:8]
04EEh—CH3 Stop Reg Bits [23:16]
04F4h—CH5 Stop Reg Bits [7:2]
04F5h—CH5 Stop Reg Bits [15:8]
04F6h—CHS5 Stop Reg Bits [23:16]
04F8h—CH6 Stop Reg Bits [7:2]
04F9h—CH6 Stop Reg Bits [15:8]
04FAh—CHB6 Stop Reg Bits [23:16]
04FCh—CH7 Stop Reg Bits [7:2]
04FDh—CH7 Stop Reg Bits [15:8]
04FEh—CH7 Stop Reg Bits [23:16]

The Stop registers are used to support a common
data communication structure, the ring buffer. The
ring buffer data structure and Stop register operation
are described in Section 6.7.4. The Stop registers, in
conjunction with a channel’s Base and Current ad-
dress and byte count registers, are used to define a
fixed portion of memory for use by the ring buffer
data structure. Following a reset, these registers are
all reset to “0”.

23 16 15

7 2 1 0 Bit

00h

00h

000000 b'e X Default

Upper Stop Bits(R/W)

Mid Stop Bits(R/W)

Lower Stop Bits(R/W)
Bits 1 and 0 are not used

290476-33

Figure 3-31. Stop Registers

Table 3-31. Stop Registers
Bit # T Description

23:2 | UPPER, MID, LOWER STOP BITS: These 22 bits providé the Stop Address. If the Stop function
is enabled then the channel will Stop whenever its Memory Address matches the Stop Address.
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3.2.17 CHAINING MODE REGISTER

Each channel has a Chaining Mode register. The
Chaining Mode register enables or disables DMA

Register Name:  Chaining Mode Register buffer chaining and indicates when the DMA Base
Register Location: 040Ah—Channels 0-3 registers are being programmed. When writing to the
9 I 04D4h—Channels 4-7 register, Bits [1:0] determine which channel’s Chain-
: ing Mode register to program. The chaining status
Default Value: 000000xxb and interrupt status for all channels can be deter-
Attribute: Write Only mined by reading the Chaining Mode Status, Chan-
Size: 8 bits nel Interrupt Status, and Chain Buffer Expiration
Control registers. The Chaining Mode register is re-
set to zero upon reset, access (read or write) of a
channel’s Mode register or Extended Mode register,
or a Master Clear. The values upon reset are disable

chaining mode and generate IRQ13.

7 6 5 4 3 2 1 0 Bit
R oj0j0 XX Defauit
Reserved —l L- DMA Channel Select(WO)
. 00 = Channel O or 4

1 = Generate TC
0 = Generate IRQ13

Base Register Programmihg(WO)
1 = Programming Complete
0 = Don't Start Chaining

10 = Channel 2 or 6
11 =Channel 3or7
Buffer Chaining Mode(WO)
1 = Enable Chaining
0 = Disable Chaining
290476-34

Figure 3-32. Chaining Mode Register

Table 3-32. Chaining Mode Register

Bit # _ Description
7:5 RESERVED: (must be 0)

4 BUFFER EXPIRED SIGNAL: After one of the two buffers in the DMA expires then the DMA will
inform the CPU that the next buffer should be loaded into the base register set. This bit )
determines whether IRQ13 or EOP should be used to inform the CPU that the buffer is complete.

3 BASE REGISTER PROGRAMMING: After the reserve buffer's address and word count are
written to the base register set, this bit should be set to 1 to inform the DMA that the second
buffer is ready for transfer.

2 BUFFER CHAINING MODE: Bit 2 enables the chaining mode logic. If the bit is set to 1 after the
initial DMA address and word count are programmed, then the Base address and word count are
available for programming the next buffer in the chain.

1:0

DMA CHANNEL SELECT: Bits [1:0] select the DMA channel mode register to program with Bits
[4:2]. . ‘ :
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3.2.18 CHAINING MODE STATUS REGISTER This register is read only and is used to determine if
chaining mode for a particular channel is enabled or
- Register Name:  Chaining Mode Status Register disabled. A 1 read in this register indicates that the
; - channel’'s chaining mode is enabled. A 0 indicates
Register Location: 04D4h that the chaining mode is disabled. All Chaining
Detault Value: 00h mode bits are disabled after a reset with reset. After
Attribute: Read Only the DMA is used in Chaining mode the CPU will
Size: 8 bits need to clear the Chaining mode enable bit if non-
Chaining mode is desired.

7 0 Bit
00h Default

———— Chaining Mode Status(RO)
1 = Chaining Disabled
0 = Chaining Enabled

Note: Bit 4 does not reflect channel 4's status
. 290476-35

Figure 3-33. Chaining Mode Status Register

Table 3-33. Chaining Mode Status Register
Bit # ) Description

7:5,3:0 | CHAINING MODE STATUS: If this bit is set to 1 then this channel has chaining enabled by
writing 1 to Bit 2 of the Chaining Mode Register. This bit can be reset to 0 by either writing a 0 to
Bit 2 of the Chaining Mode Register or reset being asserted or by a Master Clear Command.
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3.2.19 CHANNEL INTERRUPT STATUS
_ REGISTER
Register Name:  Channel Interrupt Status
Register Location: 040Ah
Detault Value: '00h

Channel Interrupt Status is a read only register and
is used to indicate the source (channel) of a DMA
chaining interrupt on IRQ13. The DMA controller as-
serts IRQ13 after reaching - terminal count, with
chaining mode enabled. It does not assert IRQ13
during the initial programming sequence that loads
the Base registers. After a reset, a read of this regis-

Attribute: Read Only ter will produce 00h.
Size: 8 bits
7 0 Bit
00h Default

Channel Interrupt Status(RO)

1 = Channel has an interrupt

0 = No Interrupt

Note: Bit 4 does not reflect channel 4's status

200476-36

Figure 3-34. Channel Interrupt Status Register

Table 3-34. Channel Interrupt Status Register

Bit #

Description

7:5,3:0 | CHAINING INTERRUPT STATUS: When a channel interrupt status read returns a *‘0”,
Bit [7:5, 3:0] indicates that channel did not assert IRQ13. When a channel interrupt status read
returns a 1", then that channel asserted IRQ13 after reaching a Terminal Count.
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3.2.20 CHAIN BUFFER EXPIRATION CONTROL This register is read only and reflects the outcome of

REGISTER the expiration of a chain buffer. A Chain Buffer Expi-
) ration Control register bit with 0 indicates the DMA
Register Name:  Chain Buffer Expiration Control controller asserts IRQ13 when the DMA controller
Register Location: 040Ch reaches terminal count. A 1 indicates the DMA con-
egser oca- on troller asserts TC when the DMA controller reaches
Default Value: 00h terminal count. This bit is programmed in Bit 4 of the

Attribute: Read Only Chaining Mode register.

Size: 8 bits
7 0 Bit
00h Default

L—— Channel Buffer Expired(RO)
1 =Assert EOP at TC
0 =1RQ13 asserted at TC
Note: Bit 4 does not reflect channel 4's status

290476-37

Figure 3-35. Chain Buffer Expiration Control Register

Table 3-35. Chain Buffer Expiration Control Register
Bit # Description

7:5,3:0 | CHAINING BUFFER EXPIRED: When a chain buffer expiration control read returns “0”, Bit
[7:5, 3:0] indicates that Channel [7:5, 3:0] will assert IRQ13 when the DMA channel reaches
terminal count. When a chain buffer expiration control read returns “1”, Bit [7:5, 3:0] indicates
that Channel [7:5, 3:0] will assert TC when the DMA controller reaches terminal count. This bit
will reset to O following a reset. ‘
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3.2.21 SCATTER-GATHER COMMAND Table 3-36. Scatter-Gather Command Bits
REGISTER
¢ d Bits
Register Name: ~ Scatter-Gather Command omman 7654 | 3210
Register Location: gj}?hh:gngzgz:: 9 No S-G Operation 0000 | 0000b
0412h—Channels 2 (5-G NOOP)
0413h—Channels 3 Start S-G xx00 | 0001b
0415h—Channels 5
0416h—Channels 6 Stop S-G xx00 | 0010b
0417h—Channels 7 Issue IRQ13 on Terminal 0100 | 00xxb
Default Value:  00x000<00b Count
Attribute: Write Only, Relocateable Issue EOP on Terminal Count 1100 | 0Oxxb
Size: 8 bits

The Scatter-Gather command register controls op-
eration of the Descriptor Table aspect of S-G trans-
fers. The S-G command register ‘is write only. The
current S-G transfer status can be read in the S-G
channel’s corresponding S-G Status register. The
S-G command register can initiate a S-G transfer,
and stop a transfer.

Scatter-Gather commands are issued with com-
mand codes. Bits [1:0] are used to implement the
code mechanism. The S-G codes are described in
the table below. Bit 7 is used to control the IRQ13/
EOP assertion that follows a terminal count. Bit 6
controls the effect of Bit 7. Common Scatter-Gather
command writes are listed in Table 3-36.

Note that the “x”’ don’t care states in the above ta-
ble do not preciude programming those bits during
the command write. For instance, for any S-G com-
mand code on Bits [1:0], an optional selection of
IRQ13 or EOP can take place if Bit 7 is set to 1 and
the appropriate choice is made for Bit 6. All 0’s in the
command byte indicate an S-G NOOP: no S-G com-
mand is issued, and EOP/IRQ13 modification is dis-
abled. Note that an EOP/IRQ13 modification can be
made while disabling the S-G command bits
(Bits[1:0] = 00b); conversely, an S-G command
may be issued while EOP/IRQ13 modification is dis-
abled (Bit 6 = Ob). After a reset, or Master Clear,
IRQ13 is disabled and EOP is enabled.

The Start command assumes the Base and Current
registers are both empty and will request a prefetch
automatically. It also sets the status register to S-G
Active, Base Empty, Current Empty, not Terminated,
and Next Null Indicator to 0. The EOP/IRQ13 bit will
still reflect the last value programmed.

3 2 1 0 Bit

R 00 Default

7
1
EOP/IRQ13 Selection (WO) —-|
1=Assert EOP on TC
O=Assert IRQ13on TC

— Enable IRQ13/EOP Programming(WO)
—Enabled

n_| hlaA
U—uloaunvu

L

S-G Command Code (WO)
00 = No S-G operation
01 = Start S-G

Reserved 10 = Stop S-G

290476-38

Figure 3-36. Scatter-Gather Command Register
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Table 3-37. Scatter-Gather Command Register

Description

EOP/IRQ13 SELECTION: Bit 7 is used to select whether EOP or IRQ will be asserted at
termination caused by the last buffer expiring. The last buffer can be either the last buffer in the
list or the last buffer loaded in the DMA while it is suspended. If this bit is set to 1 then EOP will be
asserted whenever the last buffer is completed. If this bit is set to 0 then IRQ13 will be asserted
whenever the last buffer is completed.

EOP can be used to alert an expansion bus 1/0 device that a scatter-gather termination condition
was reached; the 170 device in turn can assert its own interrupt request line, and invoke a
dedicated interrupt handling routine. IRQ13 should be used whenever the CPU needs to be
notified directly. ) )

Following reset, or Master Clear, the value stored for this bit is 0, and IRQ13 is selected. Bit 6
must be set to a 1 to enable this bit during an S-G Command register write. When Bit 6 is a 0
during the write, Bit 7 will not have any effect on the current EOP/IRQ13 selection.

ENABLE IRQ13/EOP PROGRAMMING: Enabling IRQ13/EOP programming allows initialization
or modification of the S-G termination handling bits. If Bit 5 is reset to “0”, Bit 7 will not have any
affect on the state of IRQ13 or EOP assertion. When Bit 5 is set to a “*1”, Bit 7 determines the
termination handling following a terminal count. )

5:2

RESERVED.

1:0

S-G COMMAND CODE:

00 = No S-G command operation is performed. Bits[7:5] may still be used to program
EOP/IRQ13 selection.

01 = The Start command initiates the scatter-gather process. Immediately after the Start
command is issued a request is issued to fetch the initial buffer to fill the Base Register set
in preparation for performing a transfer. The Buffer Prefetch request has the same priority
with respect to other channels as the DREQ it is associated with. Within the channel,
DREQ is higher in priority than a prefetch request.

10 = The Stop command halts a Scatter-Gather transfer immediately. When a Stop command is
given, the Terminate bit in the S-G Status register and the DMA channel mask bit are both
set. .

11 = Reserved
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The S-G Status register contains information on the
S-G transfer status. This register maintains dynamic
status information on S-G Transfer Activity, the Cur-
rent and Base Buffer state, S-G Transfer Termina-
tion, and the End of the List indicator.

3.2.22 SCATTER-GATHER STATUS REGISTER

Regiéter Name:  Scatter-Gather Status

Register Location: Channels 0
0419h—Channels 1
041Ah—Channels 2
041Bh—Channels 3
041Dh—Channels 5
041Eh—Channels 6
041Fh—Channels 7

Default Value: 08h
Attribute: " Read Only, Relocatable
Size: 8 bits

The Scatter-Gather Status register provides Scatter-
Gather process status information to the CPU or
Master. An Active bit is set to 1 after the S-G Start
command is issued. The Active bit will be 0 before
the initial Start command, following a terminal count,
and after an S-G Stop command is issued. The Cur-

-rent Buffer and Base Buffer State bits indicate

whether the corresponding register has a buffer
loaded. It is possible for the Base Buffer State to be
set while the Current Buffer State is cleared. When
the Current Buffer transfer is complete, the Base
Buffer will not be moved into the Current Buffer until
the start of the next data transfer. Thus, the Current
Buffer State is empty (cleared), while the Base Buff-
er State is full (set). The Terminate bit is set active
after a Stop command, after TC for the last buffer in
the list and both Base and Current buffers have ex-
pired. The EOP and IRQ13 bits indicate which end of
process indicator will be used to alert the system of
an S-G process termination. The EOL status bit is
set if DMA controller has loaded the last buffer of
the Link List.

1=EOP '
0=IRQ13

7 6 5 3 2 1 0  Bit
0OJR|O|R|[1]0 | R| 0| Default
Next Link Null Indicator(RO) —-—I I— S-G Active (RO)
1=End of Link List 1=Active
O=Not the End of Link List 0=Not Active
Reserved “Reserved
IRQ13 or EOP on Last Buffer(RO)—

Reserved —

—— S-G Current Buffer State(RO)
1=Loaded
O=Empty

S-G Base Buffer State(RO)
1=Loaded
0=Empty

29047639

Figure 3-37. Scatter-Gather Status Register
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Table 3-38. Scatter-Gather Status Register
Bit # Description

7 NEXT LINK NULL INDICATOR: If the Next SGD fetched from memory during a fetch operation
has the EOL value (1), the current value of the Next Link register is not overwritten. instead, Bit 7
of the channel’s S-G Status register, the Next Link Null indicator, is set to a “1”. If the fetch
returns a EOL value not equal to (1), this bit is reset to “‘0”. This status bit is written after every
fetch operation. Following reset, or Master Clear, this bit is reset to “0”. This bit is also cleared by
an S-G Start Command Write.

RESERVED.

5 IRQ13 OR EOP ON LAST BUFFER: When the IRQ13/EOP status bit contains a “1”, EOP was
either defaulted to at reset or selected through the S-G Command register as the S-G process
termination indicator. EOP will be issued to alert the system when a terminal count occurs or
following the Stop Command. When this bit is returned as a “0”, an IRQ13 will be issued to alert
the CPU of this same status.

RESERVED.

S-G BASE BUFFER STATE: When the Base Buffer status bit contains a “0”’, the Base Buffer is
empty. When the Base Buffer Status bit is set to “1”, the Base buffer has a buffer link loaded.
Note that the Base Buffer State may be set while the Current buffer state is cleared. This
condition occurs when the Current Buffer expires following a transfer; the Base Buffer will not be
moved into the Current Register until the start of the next DMA transfer.

2 S$-G CURRENT BUFFER STATE: When the Current Buffer status bit contains a “0”’, the Current
Buffer is empty. When the Current Buffer status bit is set to “1”, the Current Buffer has a buffer
link loaded and is considered full. Foliowing reset, Bit 2 is reset to “0”.

RESERVED.

0 S$-G ACTIVE: The Scatter-Gather Active bit indicates the current S-G transfer status. Bit 0 will be
a 1 after an S-G Start Command is issued. Bit 0 will be a 0 before the Start command is issued. Bit
-0 will be a 0 after terminal count on the last buffer on the channel is reached. Bit 0 will ailso be a0
after an S-G Stop command has been issued. Following reset, or Master Clear, this bit is reset to
“0". .
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3.2.23 SCATTER-GATHER DESCRIPTOR
TABLE POINTER REGISTER

Register Name:.  Scatter-Gather Descriptor Table

Pointer

0420h~0423h—Channels 0
0424h-0424h—Channels 1

0428h—-042Bh—Channels 2
042Ch-042Ch—Channels 3
0434h-0437h—Channels 5

0438h-043Bh—Channels 6
043Ch-043Fh—Channels 7

Register Location:

Default Value: See below
Attribute: Read/Write, Relocatable
Size: 32 bits

The SGD Table Pointer register contains the 32-bit
pointer to the first SGD entry in the SGD table in
memory. Before the start of a S-G transfer, this reg-
ister should have been programmed to point to the
first SGD in the SGD table. Following a “Start” com-
mand, it initiates reading the first SGD entry by point-
ing to the first SGD entry to be fetched from the

memory. Subsequently, at the end of the each buffer
block transfer, the contents of the SGD table pointer
registers are incremented by 8 till end of the SGD
table is reached. :

When programmed by the CPU, the SGD Table
Pointer Registers can be programmed with a single
32-bit PCI write.

NOTE: '
The PCEB and EISA Bus Controller will split
the 32-bit write into four 8-bit writes.

Following a prefetch to the address pointed to by the
channel’s SGD table pointer register, the new Mem-
ory Address is loaded into the Base Address regis-
ter, the new Byte Count is loaded into the Base Byte
Count register, and the newly fetched Next SGD re-
places the current Next SGD value.

The end of the SGD table is indicated by a End of
Table field having a MSB equal to 1. When this value
is read during a SGD fetch, the current SGD value is
not replaced. Instead, Bit 7 of the channel’s status
register is set to a 1 when the EOL is read from
memory. ' :

Table 3-39. Scatter-Gather Table Pointer Register

Bit #

Description

31:0

SGD TABLE POINTER: The SGD table pointer register contains 32-bit pointer to the main
‘memory location where the software maintains the Scatter-Gather Descriptors for the linked-list
buffers. These bits are translated into A[31:0] signals for accessing memory on the PCI.
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3.2.24 CLEAR BYTE POINTER FLIP-FLOP
REGISTER

Register Name:  Clear Byte Pointer Flip-Fiop

Register Location: 00Ch—Channels 0-3
0D8h—Channels 4-7

Default Value: xxh

Attribute: Write Only

Size: n/a

This command is executed prior to writing or reading
new address or word count information to the DMA.
This initializes the flip-flop to a known state so that
subsequent accesses to register contents by the mi-
croprocessor will address upper and lower bytes in
the correct sequence.

The Clear Byte Pointer command clears the internal

" latch used to address the upper or lower byte of the

16-bit address and Word Count registers. The latch

is also cleared at power on by reset and by the Mas-

ter Clear command. The Host CPU may read or write
a 16-bit DMA controller register by performing two
consecutive accesses to the 1/0 port. The Clear
Byte Pointer command precedes the first access.
The first I/0 write to a register port loads the least
significant byte, and the second access automatical-
ly accesses the most significant byte.

When the Host CPU is reading or writing DMA regis-

. ters, two Byte Pointer Flip-Flops are used; one for

Channels 0-3 and one for Channels 4-7. Both of
these act independently. There are separate soft-
ware commands for clearing each of them (0Ch for
Channels 0-3, 0D8h for Channels 4-7).

0 Bit

xxh

Defauit

Clear Byte Pointer FF(WO)
No specific pattern.
Software write only.

290476~40

Figure 3-38. Clear Byte Pointer Flip-Flop Register

Table 3-40. Clear Byte Pointer Flip-Flop Register

Bit #

Description

7:0

address.

CLEAR BYTE POINTER FF: No specific pattern. Command enabled with a write to the 170 port
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3.2.25 DMC—DMA MASTER CLEAR REGISTER This software instruction has the same effect as the
hardware Reset. The Command, Status,. Request,

Register Name:  Master Clear and Internal First/Last Flip-Flop registers are
Register Location: 00Dh—Channel 0-3 cleared and the Mask register is set. The DMA con-
ODAh—Channel 4-7 troller will enter the idle cycle:
Default Value: xxh , There are two independeht Master Clear Com-
Attribute: Write Only mands, 0Dh which acts on Channels 0-3, and 0DAh
Size: n/a which acts on Channels 4-7.
7 : 0 ' Bit
xxh - Default‘

Master Clear(WO)

No specific pattern.

Software write only.

. 29047641

Figure 3-39. DMA Master Clear Register

Table 3-41. DMA Master Clear Register
Bit # Description
7.0 MASTER CLEAR: No specific pattern. Command enabled with a write to the 1/0 port address.
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3.2.26 DCM—DMA CLEAR MASK REGISTER

Register Name:  Clear Mask

Register Location: 'Port Address: 00Eh—Channel

) 0-3 :
0DCh—Channel 4-7

Default Value: soch

Attribute: Write Only

Size: n/a

This command clears the mask bits of all four chan-
nels, enabling them to accept DMA requests. I/0
port OEh is used for Channels 0-3 and I/0 port
0DCh is used for Channels 4-7.

0 Bit

xxh

Default

L Clear Mask Register(WO)
No specific pattern.
Software write only.

290476-42

Figure 3-40. DMA Clear Mask Register

- Table 3-42. DMA Clear Mask Register

Bit #

Description

7:0 CLEAR MASK: No specific pattern. Command enabled with a write to the I/0 port address.
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3.3 Timer Unit Registers

The ESC contains five:counters that are equivalent
to those found in the 82C54 Programmable Interval
Timer. The Timer registers control these counters
and can be accessed from the EISA Bus via I/0
space. This section describes the counter/timer reg-
isters on the ESC. The counter/timer operations are
further described in Chapter 8.0, Interval Timers.

3.3.1 TCW—TIMER CONTROL WORD

REGISTER

Register Name:  Timer 1 and Timer 2 Control
Word

Register Location: 043h—Timer 1
04Bh—Timer 2

Default Value: xxh

Attribute: Write Only

Size: . 8 bits

The Timer Control Word specifies the counter selec-
tion, the operating mode, the counter byte program- -

ming order and size of the COUNT value, and
whether it counts down in a 16-bit or binary-coded
decimal (BCD) format. After writing the control word,
a new count may be written at any time. The new
value will take effect according to the programmed
mode. .

There -are six programmable counting modes. Typi-
cally, the ESC Timer Unit Counters 0 and 2 are pro-
grammed for Mode 3, the Square Wave Mode, while
Counter 1 is programmed in Mode 2, the Rate Gen-
erator Mode.

Two special commands are selected through the
Control Word Register. The Counter Latch Com-
mand is selected when Bits[5:4] are both “0”. The
Read-Back Command is selected when Bits[7:6] are
both “1”. When either of these two commands are
selected with the Control Word Register, the mean-
ing of the other bits in the register changes. Both of
these special commands, and the respective chang-
es they make to the bit definitions in this register, are
covered in detail under separate register descrip-
tions later in this Section.

Bits 4 and 5 are also used to select the count regis-
ter programming mode. The programming process is
simple: i

1. Write a control word.

2. Write an initial count for each counter.

3. Load the LSB, MSB, or LSB then MSB.

The read/write selection chosen with the control
word dictates the programming sequence that must
follow when initializing the specified counter.

7 6 5 4 3

i 0 Bit

XX XX

Default

Counter Selection(WO) "‘l
00=Select Counter 0
01=Select Counter 1
10=Select Counter 2
11=Read Back Command

Read/Write(WO)
00=Counter Latch Command

11=R/W LSB then MSB

01=R/W Least Significant Byte (LSB)
10=R/W Most Significant Byte (MSB)

Note: These bits are undefined following a RESET or power-up. The controller
must be programmed to initialize these bits.

Binary/BCD Countdown Type(WO)
1=BCD
O=Binary

Counter Mode Selection(WO)
000=Mode 0
001=Mode 1
x10=Mode 2
x11=Mode 3
100=Mode 4
- 101=Mode 5

290476-43

Figure 3-41. Timer Control Word Register
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If a counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not transfer control between writing the first
and second byte to another routine which also writes
into that same counter. Otherwise, the counter will
be loaded with an incorrect count. The count must
always be completely loaded with both bytes.

Bits 6 and 7 are also used to select the counter for
the control word you are writing.

Following reset, the control words for each register
are undefined. You must program each timer to
bring it into a known state. However, each counter
OUT signal is reset to 0 following reset. The SPKR
output, interrupt controller input IRQO (internal), Bit 5
of port 061h, and the internally generated Refresh
request are each reset to 0 following reset.

Table 3-43. Timer Control Word Register

Bit #

Description

Bit7 Bité Function
0 0 Counter 0 select
0 1 . Counter 1 select
1 0 Counter 2 select
1 1

7:6 COUNTER SELECT: The Counter Selection bits select the counter the control word acts upon as
shown below. The Read Back Command is selected when bits[7:6] are both 1.

Read Back Command (see Section 3.3.2)

5:4 READ/WRITE SELECT: Bits [5:4] are the read/write control bits. The Counter Latch Command
is selected when bits[5:4] are both 0. The read/write options include r/w least significant byte,

r/w most significant byte, or r/w the LSB and then the MSB. The actual counter programming is
done through the counter 1/0 port (040h, 041h, and 042h for counters 0, 1, and 2, respectively).

Bit5 Bit4 Function )
0 0 Counter Latch Command (see Section 3.3.3)
0 1. R/W Least Significant Byte (LSB)
1 0 R/W Most Significant Byte (MSB)
1 1 R/W LSB then MSB '

counter as shown below.

Bit3 Bit2 Bit1 Mode
0 .

1
0
1
0

- a4 X X OO0
QO -=-=00
A WN=O

1

3:1 COUNTER MODE SELECTION: Bits [3:1] select one of six possible modes of operation for the

Out signal on end of count (= 0)
Hardware retriggerable one-shot
Rate generator (divide by n counter)
Square wave output

Software triggered strobe

Hardware triggered strobe

Function

largest BCD count allowed is 104.

0 BINARY/BCD COUNTDOWN SELECT: When bit 0 = 0, a binary countdown is used. The largest
possible binary count is 216, When bit 0 = 1, a binary coded decimal (BCD) count is used. The
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3.32 TIMER READ BACK COMMAND

REGISTER )
Register Name:  Timer Read Back Command
Register Location: 043h—Timer 1
04Bh—Timer 2
Default Value: xxh
Attribute: Write Only
Size: 8 bits

The Read-Back command is used to determine the
count value, programmed mode, and current states
of the OUT pin and Null Count flag of the selected
counter or counters. The Read-Back command is
written to the Control Word register, which latches
the current states of the above mentioned variables.
The value of the counter and its status may then be
read by 1/0 access to the counter address.

Status and/or count may be latched on one, two, or
all three of the counters by. selecting the counter
during the write. The Count latched will stay latched
until read, regardiess of further latch commands.
The count must be read before newer latch com-
mands latch a new count. The Status latched by the
read-back command will also remain latched until

after a read to the counter’s I/0 port. To reiterate,
the Status and Count are unlatched only after a
counter read of the Status register, the Count regis-
ter, or the Status and Count register in succession.

Both count and status of the selected counter(s)
may be latched simultaneously by setting both the
COUNT# and STATUS# Bits [5:4] = 00b. This is
functionally the same as issuing two consecutive,
separate read-back commands. As stated above, if
multiple count and/or status read-back commands
are issued to the same counter(s) without any inter-
vening reads, all but the first are ignored.

If both count and status of a counter are latched, the
first'read operation from that counter will return the
latched status, regardless of which was latched first.
The next one or two reads (depending on whether
the counter is programmed for one or two byte
counts) return the latched count. Subsequent reads
return an uniatched count.

A register description of the Status Byte read follows
later in this Section. Note that bit definitions for a
write to this port changed when the read-back com-
mand was selected, when compared to a normal
control word write to this same port.

this command

Latch Status of Selected Counters (WO)
1=Do not latch :
O=Latch status

1=Do not latch
O=Latch count

7 6 5 3 2 1 0 Bit
XX X x| x| x| R| Default
Read Back Command(WO)——l l— I— Reserved
Must be 11 to designate Counter O(WO)

Latch Count of Selected Counters (WO)—

Note: These bits are undefined following a RESET or power-up. The controller
must be programmed to initialize these bits.

1=Select counter
0=Do not select counter
Counter 1(WO)
1=Select counter
0=Do not select counter
— Counter 2(WO)
1=Select counter
=Do not select counter

290476-44

Figure 3-42. Timer Read Back Command Register
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Table 3-44. Timer Read Back Command Register
Bit # Description :

7:6 READ BACK COMMAND: When Bits[7:6] are both “1”, the read-back command is selected
during a write to the control word. The normal meanings (mode, countdown, r/w select) of the bits
in the control register at 1/0 address 043h change when the read-back command is selected.
Following the read-back command, I/0 reads from the selected counter’s I/O addresses produce
the current latch status, the current latched count, or both if Bits 4 and 5 are both “0”.

5 LATCH STATUS OF SELECTED COUNTERS: When Bit 5 is a “1”, the Current Count value of
the selected counters will be latched. When Bit 4 is a 0", the Status will not be latched.

4 LATCH COUNT OF SELECTED COUNTERS: When Bit 4 is a “1”, the Status of the selected
counters will be latched. When Bit 4 is a ““0”, the Status will not be latched. The Status byte
format is described in the next register description.

3 COUNTER 2: Counter 2 is selected for the latch command selected with Bits 4 and 5if Bit 3is a
“1”, If Bit 3 is a.*“0”, Status and/or Count will not be latched.

2 COUNTER 1: Counter 1 is selected for the latch command selected with Bits 4 and 5if Bit2is a
“1”.1f Bit 2 is a “‘0”, Status and/or Count will not be latched.

1 COUNTER 0: Counter 0 is selected for the latch command selected with Bits 4 and 5 if Bit 1 is a
*“1”, If Bit 1 is a *0”, Status and/or Count will not be latched.

0 RESERVED: Must be 0.
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3.3.3 COUNTER LATCH COMMAND REGISTER

Register Name:  Counter Latch Command
Register Location: 043h—Timer 1
* 04Bh—Timer 2
Default Value: “xxh
Attribute: ~ Wite Only
Size: 8 bits

The Counter Latch command latches the current

count value at the time the command is received.
This command is used to insure that the count read
from the counter is accurate (particularly when read-
ing a two-byte count). The count value is then read
from each -counter’s Count reglsier One, two or all
three counters may be Iatched with one counter
latch command.

If a Counter is latched.once and then, some time
later, latched again before the count is read, the
second Counter Latch Command is ignored. The
count read will be the count at the time the first
Counter Latch Command was issued.

The count must be read according to the pro-
grammed format. Specifically, if the Counter is pro-
grammed for two byte counts, two bytes must be
read. The two bytes do not have to be read one right
after the other; read, write, or programming opera-
tions for other Counters may be |nserted between
them. :

One precaution.is worth noting. If a Counter is pro-

" grammed to read/write two-byte counts, a program

must not transfer control between reading the first
and second byte to another routine which also reads
from that same Counter. Otherwise, an incorrect
count will be read. Finish reading the latched two-
byte count before transferring control to another rou-
tine.

Note that bit definitions for a write to this port have
changed when the read-back command was select-
ed, when compared to a normal control word write to
this same port.

6 5 4

3

2 1 0 Bit

XXX X | Default

7

0
Counter OUT Pin State(RO) —I
1=0UT pin is high
0=0UT pin is low
Count Register Status(RO)
1=contents not moved into CE(null count)
O=contents are moved into CE

Read/Write Status(RO) ——
00=Counter Latch Command

11=R/W LSB then MSB

01=R/W Least Significant Byte (LSB)
10=R/W Most Significant Byte (MSB)

Note: The "x" bits are undefined following a RESET or power-up. The controller
must be programmed to initialize these bits.

I— Countdown Type Status(RO)
1=BCD Selected
O=Binary Selected

Mode Selection Status(RO)
000=Mode 0 Selected
001=Mode 1 Selected
x10=Mode 2 Selected
x11=Mode 3 Selected
100=Mode 4 Selected
101=Mode 5 Selected

+ 290476-45

Figure 3-43..Counter Latch Command Register
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Table 3-45. Counter Latch Command Register

Bit # . Description
7:6 COUNTER SELECTION: Bits 6 and 7 are used to select the counter for latching.
Bit7 Bité Function
0 0 Latch counter 0 select
0 1 Latch counter 1 select
1 0 Latch counter 2 select
1 1 Read Back Command sélect

5:4 SPECIFIES COUNTER LATCH COMMAND: When Bits[5:4] are both “0”, the Counter Latch
command is selected during a write to the control word. The normal meanings {(mode, countdown,
r/w select) of the bits in the control register at I/0 address 043h change when the Counter Latch
command is selected. Foliowing the Counter Latch command, 1/0 reads from the selected
counter’s 1/0 addresses produce the current latched count.

3.0 RESERVED: Must be 0.

3.3.4 TIMER STATUS BYTE FORMAT Each Counter's Status Byte may be read following a
REGISTER Timer Read-Back Command. The Read-Back com-
mand is programmed through the counter control
Register Name:  Timer Status Byte Format register. If “Latch Status” is chosen as a Read-Back
Register Location: 040h—Timer 1, Counter 0 option for a given counter, the next read from the
gister Location 041 h—T:me: 1, Cg:ntz: 1 counter’s 1/0 port address returns the Status byte.
042h—Timer 1, Counter 2 .
048h—Timer 2, Counter 0 The Status byte returns the countdown type, either
04Ah—Timer 2. Counter 2 BCD or binary; the Counter Operational Mode; the
) i ' Read/Write Selection status; the Null count, aiso re-
Defauit Value: 000000 ferred to as the Count Register Status; and the cur-
Attribute: Read Only rent State of the counter OUT pin.
Size: 8 bits per counter
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7 6 5 4 3 2 1 0 Bit

- XX XX R Default
Counter Selection(WO) —, ' , l— Reserved
00=latch Counter 0
O1=latch Counter 1 Specifies Counter Latch-Command
10=latch Counter 2 ‘ Must be 00 to designate command

11=Select Read Back Command

Note: The "x" bits are undefined following a RESET or power-up. The contrdlle(
must be programmed to initialize these bits. .
290476-46

Figure 3-44. Timer Status Byte Format Register

Table 3-46. Timer Status Byte Format Register
Bit # . Description

7 COUNTER OUT PIN STATE: When this bitis a “1 ”, the OUT pin of the counter is also a ““1”.
When this bit is a “0”, the OUT pin of the counter is also a “0”.

6 COUNT REGISTER STATUS: Also referred to as Null Count, indicates when the last count
written to the Count Register (CR) has been loaded into the counting element (CE). The exact
time this happens depends on the counter Mode and is described in the Mode definitions, but until
the count is loaded into the counting element (CE), it can’t be read from the counter. If the count
is latched or read before the load time, the count value returned will not reflect the new count
written to the register. When Bit 6 is a “‘0”, the count has been transferred from CR to CE and is
available for reading. When Bit 6 is a *“1”, the Null count condition exists. The count has not been
transferred from CR to CE and is not yet available for reading.

5:4 READ/WRITE STATUS: Bits[5:4] reflect the read/write selection made through Bits[5:4] of the
control register. The binary codes returned during the status read match the codes used to
program the counter read/write selection.

31 MODE SELECTION STATUS: Bits[3:1] return the counter mode programming. The binary code
returned matches the code used to program the counter mode, as listed under the bit function
above.’ .

0 COUNTDOWN TYPE STATUS: Bit 0 reflects the current countdown type, either 0 for binary
countdown or a1 for binary coded decimal (BCD) countdown.
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3.3.5 COUNTER ACCESS PORTS

Register Name:  Counter Access Ports

Register Location: 040h—Timer 1, Counter 0
041h—Timer 1, Counter 1
042h—Timer 1, Counter 2
048h—Timer 2, Counter 0
04Ah—Timer 2, Counter 2

Default Value: xxh

Each of these 1/0 ports is used for writing count
values to the count registers; reading the current
count value from the counter by either an 1/0 read,
after a counter-latch command, or after a read-back
command;. and reading the Status byte following a
read-back command.

Attribute: Read/Write
Size: 8 bits per counter
7 0 Bit
xxh Default
Counter Access (R/W)
Writes to counters, reads from
both counters and status.

Note: These bits are undefined following a RESET or power-up. ‘The
controller must be programmed to initialize these bits.

290476-47

Figure 3-45. Counter Access Ports Register
Table 3-47. Counter Access Ports Register

Bit #

Description

aread-back command.

7:0 COUNTER ACCESS: Each counter |/0O port address is used to program the 16-bit count register.
The order of programming, either LSB only, MSB only, or LSB then MSB, is defined with the
Counter Control register at 170 port address 043h. The counter 1/0 port is also used to read the
current count from the count register, and return the status of the counter programming following

97



intgl.

82374EB

ADVANCE INFORMATION

3.4 Interrupt Controller Registers

The ESC contains an EISA compatible interrupt con-
troller that incorporates the functionality of two
82C59 interrupt controllers. The interrupt registers
control the operation of the interrupt controller and
can be accessed from the EISA Bus via 1/0 space.
This section describes the Interrupt registers. The
operation of the Interrupt Controller is described in
Chapter 9.0.

3.4.1 ICW1—INITIALIZATION COMMAND

WORD 1
Register Name:  Initialization Command Word 1
Register Location: 020h—INT CNTRL-1
OAOh—INT CNTRL-2
Default Value: xxh
Attribute: Write Only

Size: 8 bits per controller

A write to Initialization Command Word One starts
the interrupt controller initialization sequence. Ad-
dresses 020h and QAOh are referred to as the base
addresses of CNTRL-1 and CNTRL-2 respectively.

An I/0 write to the CNTRL-1 or CNTRL-2 base ad-
dress with Bit 4 equal to 1 is interpreted as ICW1.
For ESC-based EISA systems, three 1/0O writes to
“base address + 1 must follow the ICW1. The first
write to “base address + 1” performs ICW2, the
second write performs ICW3, and the third write per-
forms ICW4.

ICW1 starts the initialization sequence during which
the following automatically occur:

1. The edge sense circuit is reset, which means that
following initialization, an interrupt request (IRQ)
input must make a low-to-high transition to gener-
ate an interrupt.

. The Interrupt Mask register‘is cleared.
. IRQ7 input is assigned priority 7.
. The slave mode address is set to 7.

. Special Mask Mode is cleared and Status Read is'
set to IRR.

. If IC4 was set to “0”, then all functions selected
by ICW4 are set to zero. However, ICW4 must be
programmed in the ESC implementation of this
interrupt controller, and IC4 must be set to a “1”.

g~ ON

ICW1 has three significant functions within the ESC
interrupt controller configuration. ICW4 is needed,
so Bit 0'must be programmed to a “1”. There are
two interrupt controllers in the system, so Bit 1,
SNGL, must be programmed to a 0 on both CNTRL-
1 and CNTRL-2, to indicate a.cascade configuration.
Bit D4 must be a 1. when programming ICW1. OCW2"
and OCW3 are also addressed at the same port as
ICW1. This bit indicates that ICW1, and not OCW2 or
OCWS3, will be programmed during the write to this
port. -

Bit 2, ADI, and-Bits [7:5], A7-Ab5, are specific to an
MSC-85 implementation. These bits are not used by
the ESC interrupt controllers. Bits [7:5,2] should
each be initialized to “0".

7 6 5 4 3 2 1 0 Bit
R X R X | x | Default
Reserved | L IC4 - ICW4 Write Required(WO)
1=ICW4 needed

1=ICW1 command word

O=destination not ICW1 SNGL - Single or Cascade(WO)
1=Single Controller

Reserved O=Cascade Mode
290476-48
Figure 3-46. Initiatization Command Word 1 Register
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Table 3-48. Initialization Command Word 1 Register

Bit # Description
75 RESERVED: A7-A5 are MCS-85 implementation specific bits. They are not needed by the ESC.
These bits should be 000b when programming the ESC.

4 ICW/OCW SELECT: Bit 4 must be a 1 to select ICW1. After the fixed initialization sequence to
ICW1, ICW2, ICW3, and ICW4, the controller base address is used to write to OCW2 and OCW3.

Bit 4 is a 0 on writes to these registers. A 1 on this bit at any time will force the interrupt controller
to interpret the write as an ICW1. The controller will then expect to see ICW2, ICW3, and ICW4.

3 RESERVED: This bit is not used in the ESC.

2 RESERVED: AD!: Ignored for the ESC.

SNGL.: This bit must be programmed to a 0 to indicate that two interrupt controllers are operating
in cascade mode on the ESC. ]

0 I1C4: This bit must be set to a “1”. IC4 indicates that ICW4 needs to be programmed. The ESC
requires that ICW4 be programmed to indicate that the controllers are operating in an 80x86 type
system.

3.4.2 ICW2—INITIALIZATION COMMAND ICW2 is used to initialize the interrupt controller with
WORD 2 the five most significant bits of the interrupt vector
address. The value programmed for Bits[7:3] is used

Register Name: Initialization Command Word 2 by the CPU to define the base address in the inter-

" Register Location: 021h—INT CNTRL-1 rupt vector table for the interrupt routines associated
9 o A —INT ONTRL2! with each IRQ on the controller, Typical ISA ICW2

) values are 04h for CNTRL-1 and 70h for CNTRL-2.

Default Value: xch Section 9.8.1 of the Interrupt Unit Functional De-
Attribute: Write Only scription contains a table detailing the interrupt vec-
Size: 8 bits per controller tors for each interrupt request level, as they would

appear when the vector is driven onto the data bus.

7 6 5 4 3 2 1 0 Bit

XXXXX XXX Default

l———- Interrupt Request Level(WO)
' Must be 0's on write.

Interrupt Vector Base Address(WO)
Five most-significant bits of interrupt
vector address.

Note: These bits are undefined following a RESET or power-up. The
controller must be programmed to initialize these bits.

290476-49

Figure 3-47. Initialization Command Word 2 Register
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Table 3-49. Initialization Command Word 2 Register
Bit # : ‘Description

7;3 INTERRUPT VECTOR BASE ADDRESS: Bits [7:3] define the base address in the interrupt
vector table for the interrupt routines associated with each interrupt request level input. For
CNTRL-1, a typical value i is 00001b, and for CNTRL-2, 10000b.

The interrupt controller combines a binary code representing the interrupt level to receive service
with this base address to form the interrupt vector that is driven out onto the bus. For example, the
complete interrupt vector for IRQ[O] (CNTRL-1), would be 0000.1000b (CNTRL-1 [7:3] = 00001b
and 000b representing IRQ[0]). This vector is used by the CPU to pomt to the address information
that defines the start of the interrupt routine.

20 INTERRUPT REQUEST LEVEL: When writing ICW2, these bits should all be “0”. Dunng an

‘ interrupt acknowledge cycle, these bits will be programmed by the interrupt controller with the
interrupt code representing the interrupt level to be serviced. This interrupt code is combined with
Bits [7:3] to form the complete interrupt vector driven onto the data bus during the second INTA#
cycle. The table in Section 9.8.1 outlines each of these codes. The code is a simple three bit
binary code: 000b represents IRQO (IRQ8), 001b IRQ1 (IRQSY), 010b IRQ2 (IRQ10), and so on
until 111b IRQ7 (IRQ15).

3.4.3 ICW3—INITIALIZATION COMMAND The meaning of ICW3 differs between CNTRL-1 and
" WORD 3 (MASTER) CNTRL-2. On CNTRL-1, the master controller, ICW3
. indicates which CNTRL-1 IRQ line physically con-
Register Name:  Initialization Command Word 3— nects the INT output of CNTRL-2 to CNTRL-1. ICW3
Controlier. 1—Master Unit must be programmed to 04h, indicating the cascade
Register Location: 021h—INT CNTRL-1 . of the CNTRL-2 INT output to the IRQ[2) input of
: : . ~ CNTRL-1.
Default Value: xxh .

Attribute: . Write Only An interrupt request on |IRQ2 causes CNTRL-1 to
Size: 8 bits enable CNTRL-2 to present the interrupt vector ad-
.dress during the second interrupt acknowledge cy-

cle.

7 . 0 Bit
xxh Defauit

Cascade Interrupt Controller IRQs (WO)
1=Controller connected to IRQ[x] input
0=Controller not connected to IRQ[x] input

Note: These bits are undefined following a RESET or power-up. The
controller must be programmed to initialize these bits.
: 290476-50

Figure 3-48. Initialization Command Word 3 Register (Master) -
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Table 3-50. Initialization Command Word 3 Regléter (Master)

Bit # Description
7:3,1:0 | CASCADE INTERRUPT CONTROLLER IRQs: Bits [7:3] and Bits [1:0] must be programmed to
w0
2 CASCADE INTERRUPT CONTROLLER IRQs: Bit 2 must always be programmed to a “1”. This

bit indicates that CNTRL-2, the slave controller, is cascaded on interrupt request line two
(IRQI[2]). When an interrupt request is asserted to CNTRL-2, the IRQ goes through the priority
resolver. After the slave controller priority resolution is finished, the INT output of CNTRL-2 is
asserted. However, this INT assertion does not go directly to the CPU. instead, the INT
assertion cascades into IRQ[2] on CNTRL-1. IRQ[2] must go through the priority resolution
process on CNTRL-1. If it wins the priority resolution on CNTRL-1 and the CNTRL-1 INT signal
is asserted to the CPU, the returning interrupt acknowledge cycle is really destined for CNTRL-
2. The interrupt was originally requested at CNTRL-2, so the interrupt acknowledge is destined
for CNTRL-2, and not a response for IRQ[2] on CNTRL-1.

When an interrupt request from IRQ[2] wins the priority arbitration, in reality an interrupt from
CNTRL-2 has won the arbitration. Because Bit 2 of ICW3 on the master is set to ‘1", the master
knows which identification code to broadcast on the internal cascade lines, alerting the slave
controller that it is responsible for driving the interrupt vector during the second INTA# pulse.
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3.4.4 ICW3—INITIALIZATION COMMAND broadcast by CNTRL-1 during the INTA# sequence,.
) WORD 3 (SLAVE) CNTRL-2 assumes responsibility for broadcasting

the interrupt vector during the second interrupt ac-
Register Name: - Initialization Command Word 3— knowledge cycle.

Controller-2—Slave Unit
Register Location: INT- CNTRL-2 Port Address— As an illustration, consider an interrupt request on

0A1h IRQ[2] of CNTRL-1. By definition, a request on

: IRQ[2] must have been asserted by CNTRL-2. If

Default Value:  sxh IRQI2] wins the priority resolution on CNTRL-1, the
Attribute: Write Only . interrupt acknowledge cycle returned by the CPU
Size: 8 bits following the interrupt is destined for CNTRL-2, not

c . CNTRL-1. CNTRL-1 will see the INTA# signal, and
On CNTRL-2 (the slave controller), ICW3 is the  Knowing that the actual destination is CNTRL-2, will
slave identification code broadcast by CNTRL-1  broadcast a slave identification code across the in-
from the trailing edge of the first INTA# pulse to the ternal cascade lines. CNTRL-2 will compare this in-
trailing edge of the second INTA# pulse. CNTRL-2 ~ coming value with the 010b stored in ICWS3. Follow-
compares the value programmed in ICW3 with the  ind a positive decode of the incoming message from
incoming identification code. The code is broadcast ~ CNTRL-1, CNTRL-2 will drive the appropriate inter-
over three ESC internal cascade lines. ICW3 must  TUPt vector onto the data bus during the second in-
be programmed to 02h for CNTRL-2. When 010b is  terrupt acknowledge cycle.

7 6 5 4 3 2 1 0 B8it

XXXXX XXX ‘Default

. L—- Slave Identification Code(WO)
010b identifies the IRQ line that

CNTRL-2 is cascaded on. -
Reserved

Note: These bits are undefined following a RESET or power-up. The

controller must be programmed to initialize these bits.
' ’ 290476-51

Figure 3-49. Initialization Command Word 3 Register (Slave)

Table 3-51. Initialization Command Word 3 Register (Slave)
Bit # _ Description )
7:3 RESERVED: Must be 0.

2:0 SLAVE IDENTIFICATION CODE: The Slave Identification code must be programmed to 010b
during the initialization sequence. The code stored in ICW3 is compared to the incoming slave
identification code broadcast by the master controller during interrupt acknowledge cycles.
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3.4.5 ICW4—INITIALIZATION COMMAND

WORD 4
Register Name: Initialization Command Word 4
Register Location: 021h—INT CNTRL-1
O0A1h—INT CNTRL-2
Default Value: xxh :
Attribute: Write Only
Size: 8 bits

Both ESC interrupt controllers must have ICW4 pro-
grammed as part of their initialization sequence.
Minimally, the microprocessor mode bit, Bit 0, must
be set to a 1 to indicate to the controller that it is
operating in an 80x86 based system. Failure to pro-

gram this bit will result in improper controller opera-
tion during interrupt acknowledge cycles. Additional-
ly, the Automatic End of Interrupt (AEOI) may be
selected, as well as the Special Fully Nested Mode
(SFNM) of operation.

The default programming for ICW4 is 01h, which se-
lects 80x86 mode, normal EOI, buffered mode, and
special fully nested mode disabled.

Bits 2 and 3 must be programmed to 0 for the ESC
interrupt unit to function correctly.

Both Bit 1, AEOI, and Bit 4, SFNM, can be pro-
grammed if the system developer chooses to invoke
either mode.

SFNM - Special Fully Nested Mode (WO)

1=Enabled

0=Disabled
Ox=Non buffered mode
10=Buffer mode/slave
11=Buffer mode/master

Master/Slave Buffer Mode(W0)——

7 6 5. 4 3 2 1 0 Bit
R X XX X | x .| Default
Reserved -——] I— Microprocessor Mode(WO)

1=80x86 system
0=MSC-85 system

AEOI - Automatic Enf of Interrupt{wO)
1=Auto EOI
O=Normal EOI

290476-52

Figure 3-50. Opei-ation Control Word 1 Register

Table 3-52. Operation Command Word 1 Register

Bit #

Description

7:5 RESERVED: Must be 0.

special fully nested mode is programmed.

SFNM: Bit 4, SFNM, should normally be disabled by writing a 0 to this bit. If SFNM = 1, the

3:2

00b.

MASTER/SLAVE BUFFER MODE—BUF: Bit 3, BUF, must be programmed to 0 for the ESC. This
is non-buffered mode. As illustrated in Figure 3-50, different programming options are offered for
Bits 2 and 3. However, within the ESC interrupt unit, Bits 2 and 3 must always be programmed to

AEOIL: Bit 1, AEOI, should normally be programmed to “0”. This is the normal end of interrupt. if
AEOI = 1, the automatic end of interrupt mode is programmed.

MICROPROCESSOR MODE: The Microprocessor Mode bit must be programmed to 1 to indicate
that the interrupt controller is operating in an 80x86 based system. Never program this bit to *0”.
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3.4.6 OCW1—OPERAT|ON' CONTROL WORD 1

Register Name: - Operation Control- Word 1

Register Location: 021h—INT CNTRL-1
OA1h—INT CNTRL-2

Default Value:,  xxh

Attribute:: " Read/Write

Size: 8 bits '

OCWI1 sets and clears the mask bits in the interrupt
Mask register (IMRY). Each interrupt request line may
be selectively masked or unmasked any time after
initialization. A single byte is written to this register.
Each bit position in the byte represents the same-
numbered channel: Bit 0 = IRQ[0], Bit 1 = IRQ[1]
and so on. Setting the bit to a 1 sets the mask, and
clearing the bit to a 0 clears the mask. Note that

masking IRQ[2] on CNTRL-1 will also mask all of

controller 2's interrupt requests (IRQ8-IRQ15).
Reading OCW1 returns the controller's mask regis-

ter status. : R

The IMR stores the bits which mask the interrupt
lines to be masked. The IMR operates on the IRR.
Masking of a higher priority input will not affect the
interrupt request lines of lower priority.

Unlike status reads of the ISR and IRR, for reading
the IMR, no OCW3 is needed. The output data bus.
will contain the IMR whenever 1/0 read is active and
the 1/0 port address is 021h or 0A1h (OCW1).

All writes to OCW1 mbst' oceur follovﬁng the ICW1-
ICW4 initialization sequence, since the same /O
ports are used for OCW1, ICW2, ICW3 and ICW4.

7

0 Bit

00h

Default

Interrupt Request Mask (R/W)
1=Set IRQ[x] mask
0=Reset IRQ[x] mask

200476-53

Figure 3-51. Operation Control Word 1 Register

Table 3-53. Operation Control Word 1 Register

Bit #

Description

7:0

‘channel is masked.

is physically cascaded to IRQ[2].

INTERRUPT REQUEST MASK: When a 1 is written to any bit in this register, the corresponding
IRQIx] line is masked. For example, if Bit 4 is setto a “1”, then IRQ[4] will be masked. Interrupt
requests on IRQ[4] will not set Channel 4’s interrupt request register (IRR) bit as long as the

When a 0 is written to any bit in this register, the corresponding IRQIx] mask bit is cleared, and
interrupt requests will again be accepted by the controller.

Note that masking IRQ[2] on CNTRL-1 will also mask the interrupt requests from CNTRL-2, which
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3.4.7 OCW2—OPERATION CONTROL WORD 2

Register Name:  Operation Control Word 2-
Register Location: 020h—INT CNTRL-1-

’ 0AOh—INT CNTRL-2
Default Value: xxh
Attribute: Write Only
Size: 8 bits

OCW2 controls both the Rotate Mode and the End
of Interrupt Mode, and combinations of the two. The

three high order bits in an OCW2 write represent the

~ encoded command. The three low order bits are

used to select individual interrupt channels during
three of the seven commands. The three iow order
bits (labeled L2, L1 and LO) are used when Bit 6, the
SL bit, is set to a 1 during the command.

Following a reset and ICW initialization, the control-
ler enters the fully nested mode of operation. Non-
specific EOI without rotation is the default. Both
rotation mode and specific EOl mode are disabled
following initialization.

7 6 5

4

3 2 1 0 Bit

XXX

XX

XXX Default

Rotate and EOI Codes(WO) —J
Bit5-EOI, Bit6-SL, Bit7-R(rotate)
001-Non specific EOI

011-Specific EOI

101-Rotate on non specific EQOI
100-Rotate in Auto EOI (set)
000-Rotate in Auto EOI (clear)
111-Rotate on Specific EOl command*
110-Set Priority Command*

010- No Op

* Interrupt Level Select is used

L Interrupt Level Select(WO)
000-IRQ0,IRQ8
001-IRQ1,IRQ9
010-IRQ2,IRQ10
011-IRQ3,IRQ11
100-IRQ4,IRQ12
101-IRQ5,IRQ13
110-IRQ6,/RQ14
111-IRQ7,IRQ15

L— OCW2 Select (WO)
00=Select OCW2

29047654

Figure 3-52. Operation Control Word 2 Register
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Table 3-54. Operation Control Word 2 Register

Bit2 Bit1 Bit0 InterruptLevel
0 0 0 IRQ 0(8)
0 0 1 IRQ 1(9)
(o] 1 0 IRQ 2(10)
0 1 1 IRQ 3(11)
1 0 0 IRQ 4(12)
1 0 1 IRQ 5(13)
-1 1 0 IRQ 6(14)
1 1 1 IRQ 7(15)

Bit # . ‘ Description
75 ROTATE AND EOI CODES: R, SL, EOl—These three bits control the Rotate and End of Interrupt
modes and combinations of the two. A chart of these combinations is listed above under the bit
definition. .
Bit7 Bité Bit5 Function
0 0 1 Non-specific EOl command
0 1 1 Specific EOl Command
1 0 1 Rotate on Non-Specific EOl Command
1 0 0 Rotate in Auto EOIl Mode (Set)
0 0 0 Rotate in Auto EOI Mode (Clear)
1 1 1 Rotate on Specific EOl Command*
1 1 0 Set Priority Command*
0 1 0 No Operation
*LO-L2 Are Used
43 OCW2 SELECT: When selecting OCW2, Bits 3 and 4 must both be “0”. If Bit4is a “1”, the
interrupt controller interprets the write to this port as an ICW1. Therefore, always ensure that
these bits are both 0 when writing an OCW2.
20 INTERRUPT LEVEL SELECT (L2, L1, LO): L2, L1, and LO determine the interrupt level acted

upon when the SL bit is active. A simple binary code, outlined above, selects the channel for the
command to act upon. When the SL bit is inactive, these bits do not have a defined function;
programming L2, L1 and LO to 0 is sufficient in this case.

3.4.8 OCW3—OPERATION CONTROL WORD 3

Register Name:  Operation Control Word 3

Register Location: 020h—INT CNTRL-1
OAOh—INT CNTRL-2

Default Value:  x01300¢10b '

Attribute: Read/Write

Size: 8 bits

OCW3 serves three important functions; Enable
Special Mask Mode, Poll Mode control, and IRR/
ISR register read control.

First, OCW3 is used to set or reset the Special Mask
Mode (SMM). The Special Mask Mode can be used
by an interrupt service routine to dynamically alter
the system priority structure while the routine is exe-
cuting, through selective enabling/disabling of the
other channel’s mask bits.
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Second, the Poll Mode is enabled when a write to
OCWa3 is issued with Bit 2 equal to “1”. The next I/0
read to the Interrupt controller is treated like an in-
terrupt acknowledge; a binary code representing the
highest priority level interrupt request is released
onto the bus.

Third, OCW3 provides control for reading the in-
Service Register (ISR) and the Interrupt Request
Register (IRR). Either the ISR or IRR is selected for
reading with a write to OCW3. Bits 0 and 1 carry the
encoded command to select either register. The
next 1/0 read to the OCW3 port address will return
the register status specified during the previous
write. The register specified for a status read is. re-
tained by the interrupt coniroiier. Therefore, a write
to OCW3 prior to every status read command is un-
necessary, provided the status read desired is from
the register selected with the last OCW3 write.
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7 6 5 4 3 2 1 0 Bit
R|oO]|1 xx X 10 | Default
Reserved _J ; I— Register Read Command(R/W)
. 00=No Action
00=No Action
SMM - Special Mask Mode(R/W) 10=Read IRQ Register
— L 11=Read IS Register
1=Set Special Mask Mode Poll Mode C d
0=Reset Special Mask Mode et e Command(R/W)
=No Poll Command
1=Poll Command
Enable Special Mask Mode(R/W) — — OCW3 Select(R/W)
1=Enable Bit 6 to set or resetSMM 01=Select OCW3
0=Disable Bit 6 for SMM . .
Note: The "x" bits are undefined following a RESET or power-up. The
controlier must be programmed to initialize these bits.
290476-55

Figure 3-53. Operation Control Word 3 Register

Table 3-55. Operation Control Word 3 Register

Bit # Description

7 RESERVED: Must be 0.

6 SMM: If ESMM = 1 and SMM = 1 the Interrupt Controller.will enter Special Mask Mode. If ESMM
1 and SMM = 0 the Interrupt Controller will revert to normal mask mode. When ESMM = 0, SMM
has no effect.

5 ENABLE SPECIAL MASK MODE: When this bit is set to 1 it enables the SMM bit to set or reset
the Special Mask Mode. When ESMM = 0 the SMM bit becomes a “‘don’t care”.

4:3 OCW3 SELECT: When selecting OCW3, Bit 3 must be a 1 and Bit 4 must be “0”. I Bit4 is a “1”,
the Interrupt Controller interprets the write to this port as an ICW1. Therefore, always ensure that
Bits[4:3] are “01b” when writing an OCW3.

2 POLL MODE COMMAND: When Bit 2 is a ““0”, the Poll command is not issued. When Bit 2 is a
“1”, the next 1/0 read to the Interrupt Controller is treated as an Interrupt Acknowledge cycle. An
encoded byte is driven onto the data bus, representing the highest priority level requesting
service.

1:0 REGISTER READ COMMAND: Bits [1:0] provide control for reading the In-Service Register (ISR)

and the Interrupt Request Register (IRR). When bit 1 = 0, bit 0 will not affect the register read
selection. When bit 1 = 1, bit 0 selects the register status returned following an OCW3 read. If bit
0 = 0, the IRR will be read. If bit 0 = 1, the ISR will be read. Following ICW initialization, the .
default OCW3 port address read will be “read IRR”. To retain the current selection (read ISR or
read IRR), always write a 0 to bit 1 when programming this register. The selected register can be
read repeatedly without reprogramming OCW3. To select a new status register, OCW3 must be
reprogrammed prior to attempting the read.

Bit1 Bit0 Function
0 0 No Action
0 1 No Action
1 0 Read IRQ Register
1 1 Read IS Register
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3.4.9 EDGE/LEVEL CONTROL REGISTER

Register Name:  Edge/Level Control

Register Location: 04DOh—INT CNTRL-1
04D1h—INT CNTRL-1

Default Value: 00h

The Edge/Level Control Register is used to set the
interrupts to be triggered by either the signal edge or
the logic level. INTO, INT1, INT2, INT8, INT13 must
be set to edge sensitive. After a reset all the INT
signals are set to edge sensitive. Table 3-56 shows

-which bit numbers represent the various INT signals.

Attribute: . Read/Write
Size: 8 bits
7 0 Bit
00h Default

——— Edge/Level Control(R/W)
Bit Port 04DOh Port 04D1h
0 INTO INT8
1 INT1 INT9
2 INT2 INT10
3 INT3 INT11
4 INT4 INT12
5 INTS INT13
6 INT6 INT14
7 INT7 INT15

290476-56
Figure 3-54. Edge/Level Select Register
Table 3-56. Edge/Level Select Register
Bit # Description
7.0 EDGE/LEVEL SELECT: The bits select if the interrupts are triggered by either the signal edge or
the logic level. A 0 bit represents an edge sensitive interrupt, and a 1 is for level sensitive. Bit[2:0]
and bit 13 are must always be set to 0. After a reset or power-on these registers are set to 00h.
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3.4.10 NMI STATUS AND CONTROL REGISTER

Register Name:  NMI Status and Control
Register Location: 061h

Default Value: 00h

Attribute: Read/Write

Size: 8 bits

This register is used to check the status of different
system components, control the output of the
Speaker Counter (Timer 1, Counter 2), and gate the
counter output that drives the SPKR signal.

Bits 4, 5, 6, and 7 are read-only. When writing to this
port, these bits must be written as 0’s. Bit 6 returns
the IOCHK# NMI status. This input signal comes
from the EISA bus. It is used for parity errors on
memory cards plugged into the bus, and for other
high priority interrupts. The current status of Bit-3
enables or disables this IOCHK# NMI source. Bit 5
is the current state of the OUT pin of Timer 1, Coun-
ter 2. Bit 4 toggles from 1-0 or from 0-1 after every

Refresh cycle. Following reset, Bits 4 and 6 are both
“0”. Bit 5 is undetermined-until Counter 2 is properly
programmed. Bit 7 returns the PCl System Board
Parity Error status (PERR#). If “0”, Bit 7 indicates
that PERR # was not pulsed active by a PCl agent. If
“1”, Bit 7 indicates that PERR# was pulsed active
by a PCI agent and that an NMt will be issued to the
CPU. This NMI can be disabled with Bit 2 of this
register. -

Bits 0-3 are both read and write. Bit 0 is the GATE
input signal for Timer 1, Counter 2. The GATE input
is used to disable counting in Counter 2. The Coun-
ter 2 output is ANDed with Bit 1 to form the SPKR
output signal. Bit 1 gates the-Counter 2 OUT value.
When Bit 1 is disabled, the SPKR signal is disabled;
when Bit 1 is enabled, the SPKR output follows the
value at the OUT pin of Counter 2. The Counter 2
OUT pin status can be checked by reading port
061h and checking Bit 5. Bit 2 is used to enable the
system board error (ERR #) signal. Bit 3 enables or
disables the incoming IOCHK# NMI signal from the
expansion bus. Each of these Bits is reset to 0 fol-
lowing reset.

7 6 5

4 3 2 1 0 Bit

oldlolo

0|0|0

0 | Defauilt

System Board Error (RO) ——I

1=PERR# is low (active), NMI requested
0=No PERR# from System Board

IOCHK# NMI Source(RO)
1=I0CHKi is low(active), NMI requested
0=No NMI interrupt from IOCHK#

Timer 1, Counter 2 OUT (RO) —
1=Out value is 1
0=Out value is 0

Refresh Cycle Toggle (RO) —
Toggles every Refresh cycle

I—— Timer 1, Counter 2 Gate Enable(R/W)
1=Enabled
0=Disabled

Speaker Data Enabled(R/W)
1=Enabled
O=Disabled

‘— PCI System Board Error(R/W)
1=PERR# Disabled and Cleared
0=PERR# Enabled

— IOCHK# NMI Enable(R/W)
1=Disabled and Cleared
O=Enabled

290476-57

Figure 3-55. NMI Status and Control Register
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Table 3-57. NMI Status and Control Register

Description

SYSTEM BOARD ERROR: Bit 7 is set if a system board agent (PCl devices or main memory)
detects a system board error and pulses the PCI ERR # line. This interrupt is enabled by setting
Bit 2 to “0”. To reset the interrupt, set Bit 2 to 0 and then set it to *“1”. This bit is read- only When
writing to port 061h, Bit 6 must be a “0".

IOCHK # NMI SOURCE: Bit 6 iss set if an expansion board asserts IOCHK# on the ISA/ESC bus.
This interrupt is enabled by setting Bit 3 to “0”. To reset the interrupt, set Bit 3 to 0 and then set it
to “1”. This bit is read-only. When writing to port 061h, Bit 6 mustbe a “0”.

TIMER 1, COUNTER 2: The Timer 1, Counter 2 OUT signal state is reflected in Bit 5. The value on
this bit following a read is the current state of the Counter 2 OUT signal. Counter 2 must be
programmed following a reset for this bit to have a determinate value. Bit 5 is read-only. When
writing to port 061h, Bit 5 must be a “0”.

REFRESH CYCLE TOGGLE: The Refresh Cycle Toggle signal toggles from either0to 1 or 1 to 0
following every refresh cycle. This bit is a 0 following reset. This bit is read-only. When writing to
port 061h, Bit 4 must be a “0”.

IOCHK # NMI ENABLE: When Bit3is a “1” IOCHK# NMI’s are disabled and cleared, and when
Bit 3is a “0”, IOCHK # NMl‘s are enabled. Followmg reset, Bit 3 is reset to 0 and IOCHK # NMT’s
are enabled.

PCI SYSTEM BOARD ERROR: When Bit 2 is a “1”, the system board error is disabled and
cleared. When Bit 2 is a ““0”, the system board parity error is enabled. Following reset, Bit 2 is a
0", and system board errors are enabled..

SPEAKER DATA ENABLED: Speaker Data Enable is ANDed with the Timer 1, Counter 2 OUT
signal to drive the SPKR output signal. When Bit 1 is a “0”", the result of the AND is always 0 and
the SPKR output is always “0”. When Bit 1 is a ““1”, the SPKR output is equivalent to the Counter
2 OUT signal value. Following reset, Bit 1 is a 0 and the SPKR output is low.

TIMER 1, COUNTER 2 GATE ENABLE: When Bit 0 is a ““0”, Timer 1, Counter 2 counting is
disabled. Counting is enabled when Bit 0 is a *“1”. This bit controls the GATE input to Counter 2.
Following reset, the value of this bit is 0 and counting is disabled.
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3.4.11 NMI CONTROL AND REAL-TIME CLOCK
ADDRESS

Register Name:  NMI Enable/Disable and Real-

The Mask register for the NMI interrupt is at 1/0 ad-
dress 070h. The most-significant bit enables or dis-
ables all NMI sources including PERR#, SERR #,
IOCHK #, Fail-Safe Timer, Bus Timeout, and the

Time Clock Address NMiI Port. Write an 80h to port 70h to mask the NMi
Register Location: 070h signal. This port is shared with the real-time clock.
) The real-time-clock uses the lower six bits of this
Detault Value: See below port to address memory locations. Writing to port
Attribute: Write Only 70h sets both the enable/disable bit and the memo-
Size: 8 bits ry address pointer. Do not modify the contents of
this register without considering the effects on the
state of the other bits.
7 6 5§ 4 3 2 1 0 Bit
1 XXXXXXX Default
NMI Enable(WO) J l— Real Time Clock Address(WO)
1=Disabled RTC Memory Addressing
O=Enabled

Note: The “x" bits are undefined following a RESET or power-up. The controller
must be programmed to initialize these bits.

290476-58

Figure 3-56. NMI Control and Real Time Clock Address

Table 3-58. NMI Control and Real Time Clock Address Register

Bit # Description
7 NMI ENABLE: Setting Bit 7 to a 1 will disable all NMI sources. Resetting the bit to a 0 enables the |
NMI interrupt. )
6:0 REAL TIME CLOCK ADDRESS: Used by the Real Time Clock on the Base 1/0 component to
address memory locations. Not used for NM| enabling/disabling.
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3.4.12 NMI EXTENDED STATUS AND
CONTROL REGISTER

NMI Extended Status and Con-
trol

Register Location: Port address-0461h

Register Name:

Default Value: See below
Attribute: Read/Write
Size: 8 bits

This register is used to check the status of different
system components, control the output of the
Speaker Counter (Timer 1, Counter 2), and gate the
counter output that drives the SPKR signal.

Bits 4, 5, 6, and 7 are read-only. Bits 0~3 are both
read and write. When writing to this port, these bits
must be written as 0’s. Bit 7 returns the Fail-Safe
Timer Status. This input comes from Timer 2; Coun-
ter 0. The current status of Bit.2 enables or disables
this Fail-Safe Timer NMI source. Bit 6 returns the
Bus Timeout Status. Bit 6 is set if either a 64 BCLK-
or a 256 BCLK occurs. The current status of ‘Bit 3
enables or disables this Fail-Safe Timer NMI source.
If NMI is caused by a Bus Timeout, Bit 4 distin-
guished between the 8 us (64 BCLK) and 32 us
(256 BCLK) timeout. Bit 5 is the current state of an
170 write to port 0462h. The current status of Bit 1
enables or disables Software generated NMI. Bit 0
controls the state of the RSTDRYV output signal. If Bit
0 is set to “1”, the RSTDRYV signal is asserted and a
system bus reset is performed. Bit 0 should be set
long enough (>8 BCLKs) for. the system bus devic-
es to be properly reset.

7 6 5

3 2 1 0 Bit

0jo}jo

0 |0 | 0| Default

Fail-Safe Timer Status (RO) ———,
1=NMI requested from timer
0=No Fail Safe Timer NMI

Bus Timeout Status(RO)
1=8us or 32us Bus Timeout has occurred
0=No Bus Timeout

Software NMI Status(RO) -
1=NMI port NM! pending
0=No write to NMI port

1=8us Bus Timeout occurred
0=No Bus Timeout

Bus Timeout Status(RO) —

L Bus Reset(R/W)
1=Bus Reset Active (RSTDRV)
0=Normal Bus Reset function

Software NM! Enable(R/W)
1=Enabled
O=Disabled

'— Fail-Safe NMI Enable(R/W)
1=Enabled
0=Disabled and Cleared

— Bus Timeout Enable(R/W)
1=Enabled :
O=Disabled and Cleared

290476-59

Figure 3-57. NMI Extended Status and Control Register
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Table 3-59. NMI Extended Status and Control Register

Description

FAIL-SAFE TIMER STATUS: This bit indicates the status of the Fail-Safe Timer. When Timer 2,
Counter 0 count expires, this bit is set to a 1 if Bit 2 as previously been set to “1”’. A value of 0
indicates that the current NMI was not caused by the Fail-Safe Timer. A value of 1 indicates that
the Fail-Safe timer has timed out.

BUS TIMEOUT STATUS: This bit indicates the status of Bus master timeout logic. If this bit is ““0”,
the Bus Master timeout logic has not detected a bus timeout. if this bitis “1”, the bus master
timeout logic has detected a bus timeout.

SOFTWARE NMI STATUS: This bit indicates the status of the Software NMI port writes. A write
to I/0 port 0462 of any value will set this bit to 1 if Bit 1 is set to “1”. If this bit is “0”, the current
NMI was not caused by a write to the NMI Port. If this bit is ““1”*, the current NMI was caused by a
write to the NMI Port.

BUS TIMEOUT STATUS: This bit indicates the status of the 8 us EISA Bus master timeout event.
If the bit is 0", the current NMI was not caused by the 8 us EISA bus master timeout. If this bit is
“1”, the current NMI was caused by this bus timeout.

BUS TIMEOUT ENABLE: This bit enables/disables NMI EISA bus timeout. If this bitis “0”, an
NMI will not be generated for bus timeout. Also the NMi condition caused by the Bus timeout will
be cleared. If this bit is 1 an NMI will be generated when Timer 2 Counter O count expires.

FAIL-SAFE NMI ENABLE: This bit enables/disables NMI when the Fail-Safe Timer times out. If
this bit is “0”’; an NMI will not be generated when the Timer 2 Counter 0 count expires. Also the
NMI condition caused by the Fail-Safe Timer will be cleared. If this bit is 1 an NMI will be
generated when Timer 2 Counter 0.count expires.

SOFTWARE NMI ENABLE: This bit enables/disables software generated NMI. If this Bit is “0”, a
write to 1/0 port 0462h will not generate an NMI. If this bit is 1, NMI will be generated for a write to
1/0 port 0462h.

BUS RESET: When Bit O is a “‘0”, RSTDRYV signal functions as a normal reset drive signal. When
Bit0is “1”, the RSTDRYV signal is asserted. Following reset, Bit 0 is a 0 and the RSTDRYV output
is low.
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3.4.13 SOFTWARE NMI GENERATION A write to this port with any data will cause an NMI.

This port provides a software mechanism to cause
Register Name:  Software NMI Generation an NMI if interrupts-are enabled.
Register Location: 462h )
Default Value: xxh
Attribute: Write Only
Size: 8 bits

7 o 0 Bit
xxh Default

Software NMI port(WO)

No specific pattern.

Software write only. ; -

: 200476-60 -

Figure 3-58. Software NMi Generation Register

Table 3-60. Configuration RAM Page Register

Bit # Description

7.0 SOFTWARE NMI PORT: The bit pattern is not specific. A write to this port will generate a
Software NMI if enabled. :
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3 3 This register contains the Configuration RAM Page
3.5 g:,sp?)grgn;:‘g: l",a;:gg,“’l:‘loppy address. During accesses to the Configuration RAM
t]

(0800h—-08FFh), the ESC drives the CPG[4:0] sig-
nals with the value of Bits[4:0] of this register. The
3.5.1 CONFIGURATION RAM PAGE REGISTER CPG[4:0] signals are connected to address pins

D :8 i i AM.
Register Name:  Configuration RAM Page ADDR(12:8] of the Configuration R

Register Location: 0CO0h
Default Value: x0x00000b
Attribute: Read/Write
Size: 8 bits

7 6 5 4 3 2 1 0 Bit

00000 Default

R
Reserved -—' ‘ I— CRAM Page Address (R/W)

~ The value is driven onto CPG[4:0] signals
during accesses to Configuration Ram
290476-61

Figure 3-59. Configuration RAM Page Register

Table 3-61. Configuration RAM Page Register
Bit # Description
75 RESERVED. '

4:0 CRAM PAGE ADDRESS: The value of these bits selects a specific page from the Configuration
RAM space. The SA[7:0] addresses select the location within this page during /0 accesses to
the Configuration RAM.
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3.5.2 DIGITAL OUTPUT REGISTER . This register is used to prevent XBUSOE # from re-
. . sponding to DACK2+# during a DMA read accesses
Register Name:  Digital Output : to a floppy controller on the ISA bus. If a second
; Location: Pri floppy (residing on the ISA bus) is using DACK2# in
Register ocatlyon‘ ?g::;‘ng a:;r;ary), 0372h ‘conjunction with a floppy on the X-Bus, this prevents
] : the floppy on the X-Bus and the X-Bus transceiver
Default Value: 000X000D - from responding to an access targeted for the floppy
Attribute: Write only on the ISA bus. This register is also located in the
Size: 8 bits floppy controller device.
7 6 5 4 3 2 1 0 Bit
XXXX 0 Default
Not Used ————I I— Not Used
DMA Enable(WO)
1=Assertion of DACK# wnll result in XBUSOE#
being asserted
0=DACK# will have no effect on XBUSOE#
» 290476-62
Figure 3-60. Digital Output Register
Table 3-62. Digital Output Register
Bit # Description
7:4 | NOT USED: These bits exist in the 82077 FDC. Refer to the 82077 data sheet for further details.
3 DMA ENABLE: When this bit is a 1, the assertion of DACK # will result in XBUSOE # being
asserted. If this bit is 0, DACK2# has no effect on XBUSOE #. This port bit also exists on the
82077 FDC. This bit defaults to disable (0).
2:0 NOT USED: These bits exist in the 82077 FDC. Refer to the 82077 data sheet for further detail.
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3.5.3 PORT 92 REGISTER . This register is used to support the alternate reset
) (ALTRST#), alternate A20 (ALTA20), power-on

Register Name:  Port 92 password protection, and fixed disk Ii.ght function

Register Location: 92h (DLIGHT #). This register is only accessible if Bit 6 in

the Peripheral Chi i B Register i

Default Value: 00100100b toe“r?.np eral Chip Select Enable egister is set

Attribute: Read/Write

Size: 8 bits

7 6 5 43 2 1 0 Bit
0 o)1]o[o]1]o0]o0| Detautt

Fixed Disk Activity Light (R/W) —I L ALTRST# Signal(R/W)
00=Disk activity light is off (DLIGHT# high) 1=Signal is pulsed
1x or x1=Disk activity light is on (DLIGHT# low) O=Allows signal to be pulsed
Reserved
ALTA20 Signal (R/W)
Not Used 1=Driven Actve

Power on Password Protection(R/W) — O=Driven Inactive

1=Enabled - L— Reserved

O=Disabled

290476-63

Figure 3-61. Port 92 Register

- Table 3-63. Port 92 Register
Bit # Description

7:6 FIXED DISK ACTIVITY LIGHT: These bits are used to turn the Fixed Disk Activity Light on and
. off. When either of these bits are set to a 1, the light is turned on (DLIGHT # driven active). To turn
the light off, both of these bits must be 0.

5 RESERVED: This bit is reserved and will always return a 1 when read. -

NOT USED: This bit is not used and will always return a 0 when read.

3 POWER ON PASSWORD PROTECTION: A 1 on this bit enables power-on password protection
by inhibiting accesses to the RTC memory for RTC addresses (port 70h) from 36h to 3Fh. This is
accomplished by not generating RTCRD # and RTCWR # signals for these accesses.

2 RESERVED: This bit is reserved and will always return a 1 when read.

1 ALTA20 SIGNAL: Writing a O to this bit causes the ALTA20 signal to be driven low. Writing a 1 to
this bit causes the ALTAZ20 signal to be driven high.

0 ALTRST # SIGNAL: This read/write bit provides an alternate system reset function. This function
provides an alternate means to reset the system CPU to effect a mode switch from Protected
Virtual Address Mode to the Real Address Mode. This provides a faster means of reset than is
provided by the Keyboard controller. This bit is set to a 0 by a system reset. Writing a 1 to this bit
will cause the ALTRST # signal to pulse active (low) for approximately 4 SYSCLK'’s. Before
another ALTRST # pulse can be generated, this bit must be written back to a 0.
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3.5.4 LAST EISA BUS MASTER GRANTED This register contains information about which EISA

REGISTER ~ bus master most recently had control of the EISA

‘ bus. A bit read of 0 indicates that the corresponding
Register Name: . Last EISA Bus Master Granted slot most recently was granted the bus.
Register Location: 0464h :
Default Value: xxh ,
Attribute: Read Only
Size: 8 bits
7 _ 0 Bit
XXXOXXXXXb Default

. Last EISA Bus Master(RO)
A bit[x] value of 1 indicates that
slot[x] was most recently granted

the bus
290476-64
Figure 3-62. Last EISA Bus Master Register
Table 3-64. Last EISA Bus Master Register
Bit # , B Description
7:0 LAST EISA BUS MASTER: A value of 1 is placed in the bit position of the most recently granted
EISA Bus Master.
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4.0 ADDRESS DECODING

The ESC contains an address decoder to decode
EISA/ISA master cycles. The ESC address decoder
uses the address line LA[31:2], and byte enable
BE[3:0]# to decode EISA master cycles. For ISA
master cycles, the ESC uses address line LA[31:2],
SAI[1:0], and high byte enable SHBE # for address
decode.

The ESC decodes the following set of addresses.
1. BIOS memory space.

2. 1/0 addresses contained within the ESC.

3. Configuration registers.

4. X-Bus Peripherals

4.1 BIOS Memory Space

The ESC supports a total of 512 Kbytes of BIOS.
The ESC will assert the LBIOSCS # signal for mem-
ory cycles decoded to be in the BIOS space. The
512 Kbytes of BIOS includes the conventional 128
Kbytes of BIOS and 384 Kbytes of enlarged BIOS.

The 128 Kbytes conventional BIOS memory space
is mapped at 1 MB boundary between memory ad-
dress 000E0000h-000FFFFFh. The 128K conven-
tional BIOS memory space is split into one 64K re-
gion, and four 16K regions. These regions are Low
BIOS region 1 (000E0000h—000E3FFFh), Low BIOS
region 2 (O00E4000h-000E7FFFh), Low BIOS re-
gion 3 (000E8000h-000EBFFFh), and Low BIOS re-
gion 4 (000EC000h-000EFFFFh) and High BIOS re-
gion (0OOF0000h~000FFFFFh). The ESC will assert
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the LBIOSCS# signal for memory cycles to these
regions if the corresponding configuration bits in the
BIOS Chip Select A register are set to enable (see
Table 4-1).

The conventional BIOS is aliased at multiple memo-
ry regions. The aliased memory regions are at
16 MB boundary (High BIOS only), 4 GB minus 1M
boundary, and 4 GB boundary. The ESC will assert
LBIOSCS# for memory cycles to these aliased re-
gions if the corresponding configuration bits in the
BIOS Chip Select B register are also set to enable
(see Table 4-1).

The ESC supported VGA BIOS on the motherboard
by aliasing the VGA BIOS region to the conventional:
BIOS region. The VGA BIOS is accessed at memory
region 0000C0000h—-0000C7FFF. The VGA BIOS
region is divided into a Low VGA region
(000C0000h-000C3FFFh) and a High VGA region
(000C4000h—-000C7FFFh). If the BIOS Chip Select
B register bit 0 (Low VGA BIOS Enable) and bit 1
(High VGA BIOS Enable) are set to enable, memory
accesses to Low VGA BIOS region and High VGA
BIOS region will be aliased to conventional Low
BIOS region 1 and Low BIOS region 2 respectively
and the ESC will assert LBIOSCS #

The ESC supports the 384 Kbytes of enlarged BIOS
as specified by the PCI specification. This 384 Kbyte
region is mapped in memory space below the 4G
aliased conventional BIOS. The enlarged BIOS is
accessed between FFF80000h-FFFDFFFFh mem-
ory space. If the enlarged BIOS is enabled in the
BIOS Enable Chip Select 1 register bit 5 (Enlarged
BIOS Enable), the ESC will assert LBIOSCS # signal
for accesses to this region.
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4GB

FFFFFFFFh

AGB-64KB b ssssisssmning R r——
4GB-128KB 'FFFDFFFFh
4GB-512KB FFF80000h

4GB-1MB FFEFFFFFh

4GB-(1MB-64KB) FFEFDooon.
4GB-(1MB-128KB) FFEE000Oh

~
~

44
Ll

" OFFFFFFh

16MB
16MB-64KB <1 0OFF0000h
1MB " 000FFFFFh
000F0000h

960KB O000EFFFFh
896KB 000E0000h
800KB ke 000C7FFFh
768KB [ 000C0000h

290476-65

Figure 4-1. BIOS Memory Map
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Table 4-1. BIOS Chip Select Enabie Table

Low | Low | Low | Low High | ENL Low | High 16M
BIOS | BIOS | BIOS | BIOS | VGA | VGA LBIOSCS #
Memory AddressRange | "en | En | En | En |Boo|BIOS | pios| Bios | BlOS| “asserted
1 2 3 4 En En

000C0000h to 000C3FFFh |- x X X X X X 0 X X No
X X X X X X 1 | x X Yes
000C4000h to 000C7FFFh . X X X X X X X 0 X No
: X X X X X X X 1 X Yes
000E0000h to 000E3FFFh 0 X X X X X X X X No
’ 1 X X X X X X X X Yes
000E4000h to 000E7FFFh X 0 X X X X X X X No
X 1 X X X X X X X Yes
000E8000h to 000EBFFFh X X 0 X X X X X X No
X X 1 X X X X X X Yes
000EC000h to 000EFFFFh X X X 0 X X X X X No
X X X 1 X X X X X Yes
000F0000h to 000FFFFFh X X X X 0 X X X X No
(960 KB to 1 MB) x | x X X 1 [ x X X X Yes
00FF0000h to 00FFFFFFh X X X X b 4 X - X X 0 No
(16 MB-64 KB to 16 MB) X X X X 0 X X X 1 No
X X X X 1 X X X 1 Yes
FFEEO000h to FFEE3FFFh 0 X X X X X X X X No
1 X X X X X X X X Yes
FFEE4000h to FFEE7FFFh | - x 0 X X X X X X X No
‘ X 1 X X X X X X X Yes
FFEE8000h to FFEEBFFFh X X 0 X X X X X X No
X X 1 X X X X X X Yes

FFEECO000h to FFEEFFFFh X X x | O X X X X X No -
X X X 1 X X X X X Yes
FFEF0000h to FFEFFFFFh X X X X 0 X X X X No
X X X X 1 X X X X Yes
FFF80000h to FFFDFFFFh X X X X X 0 X X X No
(4 GB-512KBto 4G-128 KB) | x X X X X 1 X X X Yes
FFFE0000h to FFFE3FFFh 0 X 1 x X X X X X X No
1 X X X X X X X X Yes
FFFE4000h to FFFE7FFFh X 0 X X X X X X X No
. X 1 X X X X X X X Yes
FFFE8000h to FFFEBFFFh X X 0 X X X X X X No
X X 1 X X X X X X Yes
FFFEC000h to FFFEFFFFh X CX X 0 X X X X X No
X X X 1 X X X X X Yes
FFFFO000h to FFFFFFFFh X X X X 0 X X X X No
‘ X X X X 1 X X X X Yes

NOTES:

1. “x” in the above table represents a don’t care condition.
2. All the region control bits for the BIOS space are in the BIOS Chip Select A register and BIOS Chip Select 2 register at
configuration offsets 42h and 43h respectively.
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‘4.2 1/0 Addresses Contained within
the ESC

The ESC integrates functions like DMA, Programma-
blé€ Interrupt Controller, and Timers. All the compati-
bility registers associated with these functions are
also integrated into the ESC. The ESC also inte-
grates some additional registers like EISA System ID
register in order to reduce the overall chip count in
the system.

All the registers integrated in the ESC are located in
the I/0 range. These are 8-bit registers and are ac-
cessed through the ESC EISA interface. The ESC
internal registers are at fixed 1/0 locations with the

exception of DMA Scatter-Gather registers. The
DMA Scatter-Gather registers default to the 1/0 ad-
dresses 0410h to 043Fh upon reset. These registers
can be relocated by programming the Scatter-Gath-
er Relocate Base Address register. The DMA Scat-
ter-Gather registers can be relocated to 1/0 ad-
dresses range xx10h-xx3Fh.

Registers at 1/0 addresses 70h, 372h, and 3F2h are
shared registers between ESC and external logic.
Port 70h is duplicated in the Real Time Clock logic.
Bit 3 of ports 372h and 3F2h reside in the ESC and
the other bits reside in the Floppy Disk Controller.

Table 4-2 documents the 1/0 address to the ESC
internal registers.

Table 4-2. ESC 1/0 Register Address Map

Port Address Type Name Block
FEDC | BA98 | 7654 | 3210
0000h | 0000 [ 0000 | 000x | 0000 | R/W | DMA1 CHO Base and Current Address DMA
0001h | 0000 | 0000 | 000x | 0001 | R/W | DMA1 CHO Base and Current Count ) DMA
0002h | 0000 | 0000 | 000x | 0010 | R/W | DMA1 CH1 Base and Current Address DMA
0003h | 0000 | 0000 | 000x | 0011 | R/W | DMA1 CH1 Base and Current Count DMA
0004h | 0000 | 0000 | 000x | 0100 | R/W. | DMA1 CH2 Base and Current Address DMA
0005h | 0000 | 0000 | 000x [ 0101 | R/W | DMA1 CH2 Base and Current Count DMA
0006h | 0000 | 0000 | 000x { 0110 | R/W | DMA1 CH3 Base and Current Address : DMA
0007h | 0000 | 0000 | 000x [ 0111 | R/W | DMA1 CH3 Base and Current Count DMA
0008h | 0000 | 0000 | 000x | 1000 | R/W | DMA1 Status(r) Command(w) Register DMA
0009h | 0000 | 0000 | 000x | 1001 | WO | DMA1 Write Request Register DMA
000Ah | 0000 | 0000 | 000x { 1010 | WO | DMA1 Write Single Mask Bit : DMA
000Bh | 0000 | 0000 | 000x | 1011 | WO | DMA1 Write Mode Register DMA
000Ch | 0000 | 0000 | 000x [ 1100 | WO | DMAT1 Clear Byte Pointer , DMA
000Dh | 0000 | 0000 | 000x | 1101 | WO | DMA1 Master Clear DMA
000Eh | 0000 | 0000 { 000x [ 1110 | WO | DMA1 Clear Mask Register . | DMA
000Fh | 0000 | 0000 | 000x [ 1111 [ R/W | DMA1 Read/Write All Mask Register Bits DMA
0020h | 0000 | 0000 | 001x | xx00 | R/W | INT 1 Control Register PIC
0021h | 0000 | 0000 | 001x | xx01 | R/W | INT 1 Mask Register PiC
0022h | 0000 | 0000 | 0010 [ 0010 | R/W | Configuration Address Index Register CONF
0023h | 0000 | 0000 | 0010 | 0011 | R/W | Configuration Data Index Register CONF
0040h | 0000 | 0000 | 010x | 0000 | R/W | Timer 1—Counter 0 System Clock TC
.| 0041h | 0000 | 0000 | 010x | 0001 | R/W | Timer 1—Counter 1 Refresh Request TC
0042h | 0000 | 0000 | 010x | 0010 | R/W | Timer 1 Counter 2 Speaker Tone TC
0043h | 0000 | 0000 | 010x [ 0011 | WO | Timer 1 Command Mode Register TC
0048h | 0000 | 0000 | 010x [ 1000 | R/W | Timer 2—Counter 0 Fail-Safe Timer TC
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Table 4-2. ESC I/0 Register Address Map (Continued)

Port Address Type Name Block
~ | FEDC | BA98 | 7654 | 3210

'0049h | 0000 | 0000 | 010x | 1001 | R/W | Timer 2—Counter 1 Reserved TC
004Ah | 0000 { 0000 [ 010x | 1010 | R/W | Timer 2 Counter 2 CPU Speed Control TC
004Bh | 0000 | 0000 | 010x | 1011 | WO | Timer 2 Command Mode Register TC
0061h | 0000 | 0000 | 0110 | 00x1 | R/W | NMI Status and Control Control
0070h* | 0000 | 0000 | 0111 [ Oxx0 | WO | NMI Mask Register Control
0080h | 0000 | 0000 | 100x | 0000 | R/W | DMA Page Register— Reserved DMA
0081h | 0000 | 0000 | 100x | 0001 | R/W | DMA Channel 2 Page Register DMA
0082h | 0000 | 0000 | 1000 [ 0010 | R/W | DMA Channel 3 Page Register DMA
0083h | 0000 | 0000 { 100x | 0011 | R/W | DMA Channel 1 Page Register. DMA
0084h | 0000 | 0000 | 100x | 0100 | R/W | DMA Page Register— Reserved DMA
0085h | 0000 | 0000 | 100x | 0101 | R/W | DMA Page Register— Reserved DMA
0086h | 0000 | 0000 | 100x | 0110 | R/W | DMA Page Register— Reserved DMA
0087h | 0000 | 0000 | 100x | 0111 | R/W | DMA Channel 0 Page Register DMA
0088h | 0000 | 0000 | 100x [ 1000 | R/W | DMA Page Register— Reserved DMA
0089h | 0000 | 0000 | 100x | 1001 | R/W | DMA Channel 6 Page Register DMA
008Ah | 0000 | 0000 | 100x | 1010 | R/W | DMA Channel 7 Page Register DMA
008Bh | 0000 | 0000 | 100x | 1011 | R/W | DMA Channel 5 Page Register DMA
008Ch | 0000 | 0000 | 100x [ 1100 | R/W | DMA Page Register— Reserved DMA
008Dh | 0000 | 0000 | 100x | 1101 | R/W | DMA Page Register— Reserved DMA
008Eh | 0000 | 0000 | 100x | 1110} R/W | DMA Page Register— Reserved DMA
008Fh |-0000 | 0000 | 100x | 1111 | R/W | DMA Refresh Page Register DMA
0092h | 0000 | 0000 | 1001 | 0010 | R/W | System Control Port Control
00AOh | 0000 | 0000 | 101x [ xx00 | R/W [ INT 2 Control Register PIC
00At1h | 0000 | 0000 | 101x | xxO1 | R/W | INT 2 Mask Register PIC
00COh | 0000 | 0000 | 1100 [ 000x | R/W | DMA2 CHO Base and Current Address DMA
00C2h | 0000 | 0000 | 1100 [ 001x | R/W | DMA2 CHO Base and Current Count DMA
00C4h | 0000 | 0000 | 1100 | 010x | R/W [ DMA2 CH1 Base and Current Address DMA
00Csh | 0000 | 0000 | 1100 | 011x | R/W | DMA2 CH1 Base and Current Count DMA
00C8h | 0000 |-0000 | 1100 | 100x | R/W | DMA2 CH2 Base and Current Address - DMA
00CAh | 0000 | 0000 | 1100 | 101x | R/W | DMA2 CH2 Base and Current Count DMA
00CCh | 0000 | 0000 | 1100 | 110x | R/W | DMA2 CH3 Base and Current Address DMA
00CEh | 0000 | 0000 | 1100 | 111x | R/W [ DMA2 CH3 Base and Current Count DMA
00Doh | 0000 | 0000 | 1101 | 000x | R/W | DMA2 Status(r) Command(w) Register DMA
00D2h | 0000 | 0000 | 1101 { 001x | WO | DMA2 Write Request Register DMA
00D4h | 0000 | 0000 | 1101 | 010x | WO | DMA2 Write Single Mask Bit DMA
00D6h | 0000 | 0000 | 1101 | 011x | WO | DMA2 Write Mode Register DMA
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Port Address —1 Type ' Name Block
FEDC | BA98| 7654 | 3210 _ ‘

00D8h | 0000 | 0000 { 1101 | 100x | WO | DMA2 Clear Byte Pointer .| DMA
'00DAh | 0000 | 0000 | 1101 | 101x | WO | DMA2 Master Clear DMA
00DCh | 0000 | 0000 | 1101 | 110x.| WO | DMA2 Clear Mask Register » DMA
OODEh | 0000 | 0000 [ 1101 | 111x | R/W | DMA2 Read/Write All Mask Register Bits DMA
00FOh | 0000 | 0000 | 1111 | 0000 | WO | Reset IRQ13 IRQ13
0372h & | 0000 | 0011 | 0111 | 0010 | WO Secondary Floppy Disk Digitai Output Register FDCCS #
03F2h & | 0000 [ 0011 | 1111|0001 | WO | Primary Floppy Disk.Digital Output Register FDCCS#
0400h 0000 | 0100 | 0000 | 0000 | R/W | Reserved DMA
0401h | 0000 | 0100 | 0000 | 0001 | R/W | DMA1 CHO Base/Current Count ' DMA
0402h 0000 | 0100 | 0000 | 0010 | R/W | Reserved DMA
0403h 0000 | 0100 | 0000 [ 0011 | R/W | DMA1 CH1 Base/Current Count DMA
0404h 0000 | 0100 | 0000 | 0100 | R/W | Reserved o DMA
0405h 0000 | 0100 | 0000 | 0101 | R/W | DMA1 CH2 Base/Current Count DMA
0406h | 0000 | 0100 | 0000 | 0110 | R/W | Reserved : DMA
0407h 0000 | 0100 | 0000 | 0111 | R/W | DMA1 CH3 Base/Current Count DMA
0408h 0000 | 0100 | 0000 | 1000 | R/W | Reserved ‘ DMA
0409h 0000 | 0100 | 0000 | 1001 | R/W | Reserved DMA
040Ah | 0000 | 0100 | 0000 | 1010 | R/W | DMA Chaining Mode Status/Interrupt Pending DMA
040Bh | 0000 | 0100 | 0000 | 1011 | WO | DMA1 Extended Mode Register DMA
040Ch 0000 | 0100 [ 0000 | 1100 { WO ( Chaining Buffer Control Register DMA
040Dh | 0000 | 0100 | 0000 | 1101 | R/W | Reserved DMA
040Eh | 0000 | 0100 | 0000 | 1110 | R/W | Reserved ' DMA
040Fh | 0000 | 0100 | 0000} 1111} R/W | Reserved DMA
0410h 0000 | 0100 | 0010 | 0000 | WO | DMA CHO S-G Command Register - DMA
0411h 0000 | 0100 | 0010 | 0001} WO | DMA CH1 S-G Command Register DMA
0412h 0000 | 0100 { 0010 | 0010 | WO | DMA CH2 S-G Command Regsiter | DMA
0413h 0000 | 0100 | 0010|0011 | WO | DMA CH3 S-G Command Register DMA
0415h 0000 | 0100 | 0010|0101 | WO | DMA CH5 S-G Command Register DMA
0416h 0000 | 0100 | 0010 | 0110 [ WO [ DMA CH6 S-G Command Register - DMA
0417h 0000 { 0100 { 0010 [ 0111 | WO | DMA CH7 S-G Command Register , DMA
0418h 0000 | 0100 { 0010 | 1000 | WO | DMA CHO S-G Status Register DMA
0419h 0000 | 0100 | 0010|1001 | WO DMA CHt S-G Status Register DMA
041Ah 0000 | 0100 | 0010 | 1010 | WO'- | DMA CH2 S-G Status Register DMA
041Bh | 0000 | 0100 [ 0010 | 1011| WO | DMA CH3 S-G Status Register ' DMA
041Dh | 0000 | 0100 {0010 | 1101 | WO | DMA CH5 S-G Status Register DMA
041Eh | 0000 | 0100 | 0010 [ 1110 | WO | DMA CH6 S-G Status Register DMA
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Table 4-2. ESC 1/0 Register Address Map (Continued)

Port Address Type Name Block
FEDC | BA98 | 7654 | 3210

041Fh | 0000 | 0100 | 0010|1111 ] WO | DMA CH7 S-G Status Register DMA
0420h | 0000 | 0100 | 0010 | 0000 | RO | DMA CHO S-G Descriptor Pointer Register DMA
0421h | 0000 | 0100 [ 0010 | 0001 | RO | DMA CHO S-G Descriptor Pointer Register DMA
0422h | 0000 | 0100 | 0010 | 0010| RO | DMA CHO S-G Descriptor Pointer Register DMA
0423h | 0000 [ 0100 | 0010|0011 | RO | DMA CHO S-G Descriptor Pointer Register DMA
0424h | 0000 | 0100 | 0010 | 0100| RO | DMA CH1 S-G Descriptor Pointer Register DMA
0425h | 0000 | 0100 { 0010|0101 | RO { DMA CH1 S-G Descriptor Pointer Register DMA
0426h | 0000 | 0100 | 0010 | 0110 RO | DMA CH1 S-G Descriptor Pointer Register DMA
0427h | 0000 | 0100 [ 0010 | 0111 | RO | DMA CH1 S-G Descriptor Pointer Register DMA
0428h | 0000 | 0100 | 0010 1000| RO | DMA CH2 S-G Deécriptor Pointer Register DMA
0429h | 0000 | 0100 | 0010 | 1001 | RO | DMA CH2 S-G Descriptor Pointer Register DMA
042Ah { 0000 | 0100 | 0010 1010{ RO | DMA CH2 S-G Descriptor Pointer Register DMA
042Bh | 0000 | 0100 | 0010 [ 1011 | RO | DMA CH2 S-G Descriptor Pointer Register DMA
042Ch | 0000 | 0100 {0010 (1100 RO | DMA CH3S-G Descriptor Pointer Register DMA
042Dh | 0000 | 0100 | 0010 | 1101 | RO | DMA CH3 S-G Descriptor Pointer Register DMA
042Eh | 0000 | 0100 | 0010|1110 RO | DMA CH3S-G Descriptor Pointer Register DMA
042Fh | 0000 | 0100 | 0010 1111{ RO | DMA CH3 S-G Descriptor Pointer Register DMA
0434h | 0000 | 0100 | 0011 | 0100 | RO | DMA CH5 S-G Descriptor Pointer Register DMA’
0435h | 0000 | 0100 [ 0011|0101 [ RO | DMA CHS5 S-G Descriptor Pointer Register DMA
0436h | 0000 { 0100 | 0011 ) 0110 RO | DMA CHS S-G Descriptor Pointer Register DMA
0437h | 0000 [ 0100 | 0011|0111 | RO | DMA CH5 S-G Descriptor Pointer Register DMA
0438h | 0000 | 0100 { 0011 | 1000 | RO | DMA CH6 S-G Descriptor Pointer Register DMA
0439h | 0000 | 0100 | 0011 | 1001 ; RO | DMA CH6 S-G Descriptor Pointer Register DMA
043Ah | 0000.| 0100 | 0011|1010 | RO | DMA CH6 S-G Descriptor Pointer Register DMA
043Bh.| 0000 | 0100 | 0011|1011 | RO | DMA CH6 S-G Descriptor Pointer Register DMA
043Ch | 0000 | 0100 | 00111100 | RO | DMA CH7 S-G Descriptor Pointer Register DMA
043Dh | 0000 [ 0100 | 0011 | 1101 | RO | DMA CH7 S-G Descriptor Pointer Register DMA
043Eh | 0000 { 0100 [ 0011|1110} RO | DMA CH7 S-G Descriptor Pointer Register DMA
043Fh | 0000 | 0100 | 0011|1111 RO | DMA CH7 S-G Descriptor Pointer Register DMA
0461h | 0000 | 0100 | 0110 | 0001 | R/W | Extended NMI and Reset Control Control
0462h | 0000 | 0100 | 0110 | 0010 | R/W | NMI I/O Interrupt Port Control | .
0464h { 0000 [ 0100 | 0110 0100 | RO | Last EISA Bus master granted (L) Control |
0480h | 0000 | 0100 | 1000 | 0000 | R/W | Reserved ) DMA
0481h-| 0000 | 0100 | 1000 | 0001 | R/W | DMA CH2 High Page Register DMA
0482h | 0000 | 0100 | 1000 | 0010 | R/W | DMA CH3 High Page Register DMA
0483h | 0000 { 0100 | 1000 | 0011 | R/W | DMA CH1 High Page Register DMA
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Table 4-2. ESC 1/0 Register Address Map (Continued)

Port Address Type Name Block
FEDC | BA98 | 7654 | 3210 '

0484h | 0000 | 0100 | 1000 | 0100 | R/W | Reserved DMA
0485h | 0000 | 0100 | 1000 | 0101 | R/W | Reserved - DMA
0486h | 0000 | 0100 | 1000 | 0110 [ R/W | Reserved ' DMA
0487h | 0000 | 0100 | 1000 0111 R/W | DMA CHO High Page Register DMA
0488h | 0000 | 0100 | 1000 | 1000 | R/W | Reserved DMA
0489h | 0000 | 0100 | 1000 | 1001 | R/W [ DMA CH6 High Page Register DMA
048Ah | 0000 | 0100 | 1000 | 1010 | R/W | DMA CH7 High Page Register DMA
048Bh | 0000 | 0100 | 1000 | 1011 | R/W | DMA CHS5 High Page Register DMA
048Ch | 0000 | 0100 | 1000 | 1110 | R/W | Reserved , - | DMA
048Dh | 0000 | 0100 | 1000 1101 | R/W | Reserved DMA
048Eh | 0000 | 0100 [ 1000 | 1110 | R/W | Reserved | DMA
048Fh | 0000 | 0100 | 100x | 1111 | R/W | DMA Refresh High Page Regiéter DMA
04C2h | 0000 | 0100 | 1100 | 0010 | R/W | Reserved DMA
04Céh | 0000 | 0100 [ 1100 | 0110 | R/W | DMA CH5 High Base and Current Count Register - DMA
04CAh | 0000 | 0100 | 1100 [ 1010 | R/W | DMA CH6é High Base and Current Count Register DMA
04CEh | 0000 | 0100 [ 1100 | 1110 | R/W | DMA CH7 High Base and Current Count Register DMA
04D0h | 0000 | 0100 | 1101-[ 0000 | R/W | INT-1 Edge/Level Control Register PIC

04D1h | 0000 | 0100 | 1101 | 0001 | R/W | INT-2 Edge/Level Control Register ' PIC

04D2h | 0000 | 0100 | 1101 | 0010 | R/W | Reserved DMA
04D3h | 0000 | 0100 | 1101 { 0011 | R/W | Reserved ' DMA
04D4h | 0000 | 0100 [ 1101 | 0100 | R/W | DMA2 Chaining Mode DMA
04D5h°| 0000 | 0100 | 1101 | 1001 | R/W | Reserved DMA
04D6h | 0000 | 0100 | 1101} 0010 | WO | DMA2 Extended Mode Register DMA
04D7h | 0000 | 0100 | 1101 | 0111 | R/W | Reserved . DMA
04D8h | 0000 | 0100 | 1101 | 1000 | R/W | Reserved ) DMA
04D9h | 0000 | 0100 | 1101 | 1001 | R/W | Reserved DMA
04DAh | 0000 | 0100 | 1101 | 1010 | R/W | Reserved DMA
04DBh | 0000 | 0100 [ 1101 | 1011 | R/W | Reserved ' DMA
04DCh { 0000 | 0100 | 1101 | 1100 | R/W | Reserved ' ' DMA
04DDh { 0000 | 0100 | 1101 | 1101 | R/W | Reserved DMA
04DEh | 0000 | 0100 | 1101 [ 1110 [ R/W | Reserved DMA
04DFh | 0000 | 0100 | 1101|1111 | R/W | Reserved ‘ DMA
04EO0h | 0000 | 0100 | 1110 | 0000 | R/W | DMA CHO Stop Register Bits [7:2] ' DMA
04E1h | 0000 | 0100 | 1110 [ 0001 | R/W | DMA CHO Stop Register Bits [15:8] DMA
04E2h | 0000 | 0100 [ 1110 | 0010 | R/W | DMA CHO Stop Register Bits [23:16] ' DMA
04E3h | 0000 | 0100 | 1110 0011 { R/W | Reserved : DMA
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Table 4-2. ESC 1/0 Register Address Map (Continued)

Port Address Type Name Block
FEDC | BA98 | 7654 | 3210 ) '
04E4h | 0000 | 0100 | 1110 | 0100 | R/W | DMA CH1 Stop Register Bits [7:2] DMA
04E5h | 0000 | 0100 | 1110 | 0101 | R/W | DMA CH1 Stop Register Bits [15:8] DMA
04E6h | 0000 | 0100 | 1110 | 0110 | R/W | DMA CH1 Stop Register Bits [23:16] DMA
04E7h | 0000 [ 0100 | 1110|0111 | R/W | Reserved DMA
04E8h | 0000 | 0100 | 1110 | 1000 | R/W | DMA CH2 Stop Régister Bits [7:2] DMA
04E9h | 0000 | 0100 | 1110 | 1001 | R/W | DMA CH2 Stop Register Bits [15:8] DMA
04EAh | 0000 | 0100 | 1110 | 1010 | R/W | DMA CH2 Stop Register Bits [23:16] DMA
04EBh | 0000 | 0100 | 1110 | 1011 | R/W | Reserved DMA
04ECh | 0000 | 0100 | 1110 | 1100 | R/W | DMA CH3 Stop Register Bits [7:2] DMA
04EDh | 0000 | 0100 | 1110 ] 1101 | R/W | DMA CH3 Stop Register Bits [15:8] DMA
04EEh | 0000 | 0100 | 1110 | 1110 | R/W | DMA CH3 Stop Register Bits [23:16] DMA
O4EFh | 0000 | 0100 | 1110 | 1111 | R/W | Reserved DMA
04FOh | 0000 | 0100 | 1111 | 0000 | R/W | Reserved DMA
04F1h | 0000 | 0100 | 1111 | 0001 | R/W | Reserved : DMA
04F2h | 0000 | 0100 | 1111 | 0010 | R/W | Reserved DMA
04F3h | 0000 | 0100 { 1111|0011 | R/W | Reserved DMA
04F4h | 0000 | 0100 | 1111|0100 | R/W | DMA CH5 Stop Register Bits [7:2] DMA
04F5h | 0000 | 0100 | 1111 | 0101 | R/W | DMA CHS5 Stop Register Bits [15:8] DMA
04F6h | 0000 | 0100 | 1111 | 0110 | R/W | DMA CH5 Stop Register Bits [23:16] DMA
04F7h ( 0000 | 0100 | 1111 [ 0111 | R/W | Reserved DMA
04F8h | 0000 | 0100 | 1111|1000 | R/W | DMA CH6 Stop Register Bits [7:2] DMA
04F9h | 0000 | 0100 | 1111 | 1001 | R/W | DMA CHS6 Stop Register Bits [15:8] DMA
04FAh | 0000 | 0100 | 1111 | 1010 | R/W | DMA CH6 Stop Register Bits [23:16] DMA
04FBh | 0000 | 0100 | 1111 | 1011 | R/W | Reserved . DMA
04FC | 0000 | 0100 | 1111 | 1100 | R/W | DMA CH7 Stop Register Bits [7:2] DMA
04FDh | 0000 | 0100 | 1111 | 1101 | R/W | DMA CH7 Stop Register Bits [15:8] DMA
04FEh | 0000 | 0100 |-1111 | 0111 [ R/W | DMA CH7 Stob Register Bits [23:16] . DMA
04FFh | 0000 | 0100 | 1111 { 1111 | R/W | Reserved . ! DMA
0C00h | 0000 | 1100 | 0000 | 0000 | R/W | Configuration RAM Page Register Conf
0C80h | 0000 | 1100 { 100 [ 0000 | RO | System Board ID Byte Lane 1 Bits [7:0] Board ID
0C81h | 0000 { 1100 | 100 {0001 | RO | System Board ID Byte Lane 2 Bits [15:8] Board ID
0C82h | 0000 | 1100 | 100 | 0010 | RO | System Board ID Byte Lane 3 Bits [23:16] Board ID
0C83h | 0000 | 1100 | 1000 | 0011 | RO | System Board ID Byte Lane 4 Bits [31:24] Board ID

NOTES:
*Port 70h resides in the ESC, in addition the lower 7 bits of Port 70h reside in Real Time Clock.
& Bit 3 of ports 372h and 3F2h reside in the ESC while the other bits reside on the ISA bus.

127



“intel.

82374EB

ADVANGE INFORMATION

4.3 Configuration Addresses

Table 4-3. Configuration Register

Index Address (Continued)
ESC configuration registers are accessed through
1/0 registers 22h and 23h. These I/0 registers are Configuration | .\ o iation Register Name
used as index address register (22h) and index data Offset
register (23h). The index address register is used to 62h PIRQRC2 PIRQ2# Route
write the configuration register address. The data Control
(configuration register address) in register 22h is
used to decode a configuration register. The select- 63h PIRQRC3 PIRQ3+# Route
ed configuration register can be read or written to by Control
performing a read or a write operation to the index
data register at 1/0 address 23h. 64h GPCSLAO gfrr;rsa; Chip
Table 4-3. Configuration Register Index Address fgf ‘:d%za:se
Configuration | ) eviation Register Name 65h GPCSHAO | General
Offset Purpose Chip
00h-01h Reserved Select 0 Base
High Address
02h ESCID ESCID
66h GPCSMO General
03h-07h Reserved Purpose Chip
08h RID Revision ID Select 0 Mask
09h-3Fh Reserved 67h Reserved
40h MS Mode Select 68h GPCSLAt1 General .
Purpose Chip
41h Reserved Select 1 Base
42h BIOSCSA | BIOS Chip Low Address
Select A 69h GPCSHA1 General
; Purpose Chip
43h BIOSCSB g:a?esctc g P Select 1 Base
High Address
44n—4Ch Reserved 6Ah GPCSM1 General
4Dh CLKDIV BCLK Clock Purpose Chip
Divisor Select 1 Mask
4Eh PCSA Peripheral Chip 6Bh Reserved
SelectA 6Ch GPCSLA2 | General
4Fh PCSB Peripheral Chip Purpose Chip
Select B Select 2 Base
50h EISAID1 EISA ID Byte 1 Low Address
6Dh GPCSHA2 General
51h EISAID2 EISA ID Byte 2 Purpose Chip
52h EISAID3 EISA ID Byte 3 }S-I_elﬁc/t\ gdBase
- SS
53h EISAID4 EISA ID Byte 4 — e G'g : i
- enera
54h-56h Reserved Purpose Chip
57h SGRBA ' Scatter-Gather Select 2 Mask
Relocate Base 6Fh 'GPXBC General
AdAdracae
NUUI Goo Purpose
58n-58h Reserved ;egph%ral |
60h PIRQRCO . | PIRQO# Route “Bus Contro
Control 70h-87h Reserved
61h PIRQRC1 PIRQ1# Route 88h TSTC Test Control
Control 89h-9Fh Reserved
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4.4 X-Bus Peripherals

The ESC generates chip selects for certain functions

that typically reside on the X-Bus. The ESC asserts
the chip selects combinatorially from the LA ad-
dresses. The ESC generates chip selects signals for
Keyboard Controller, Floppy Disk Controller, IDE,
Parallel Port, Serial Port, and General Purpose pe-
ripherals. The ESC also generates read and write
strobes for Real Time Clock and Configuration RAM.
The read and write strobes are a function of LA ad-
dresses, the ISA read and write strobes (IORC# and

129

IOWC #), and BCLK. All of the peripherals supported
by the ESC are at fixed 1/0 addresses with the ex-
ception of the general purpose peripherals. The ESC
support for these peripherals can be enabled or dis-
abled through configuration registers Peripheral
Chip Select A and Peripheral Chip Select B. The

general purpose peripherals are mapped to 1/0 ad-

dresses by programming a set of configuration regis-
ters: General Purpose Chip Select x Base Low Ad-
dress register, General Purpose Chip Select x Base
High Address register, and General Purpose Chip
Select x Mask register.
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Table 4-4. X-Bus Chip Selects Decode

Chip Select

Port | FEDC | BA98 | 7654 | 3210 | R/W Name ,
0060h | 0000 | 0000 | 0110 | 00X0 | R/W | Keyboard Controller KYBDCS #
0064h | 0000 | 0000 [ 0110 | 01x0 | R/W Keyboard Controller KYBDCS# .
0070h | 0000 | 0000 | 0111 | Oxx0 | W Real Time Clock RTCALE
0071h | 0000 | 0000 | 0111 | Oxx1 | R/W | _ Real Time Clock RTCWR# /RTCRD#
0170h v

IDE Controlier ECS[2:0] =011
to 0000 | 0001 | 0111 | Oxxx | R/W 0-Secondary (DECS0#)
0177h
01FOh
IDE Controller ECSI[2:0] =011
to 0000 | 0001 | 1111 | oo | R/W o-Primary (DECSO0#)
01F7h )
0278h 1000 ‘ L
to | 0000 | 0010 | 0111 | to | R/W | Paraliel Port LPT3 Ec(fff}‘gs‘#‘;‘ °
027Bh 1011
02Fgh L
to | 0000 | 0010 | 1111 | wox | R/W |  Serial Port COM2 ECS[2:0] = 00x
, (COMXCS #)
02FFh
0370h 0000 .
to | 0000 | 0011 | 0111 | to | R/W F'°ppys‘2f:n3:""°"e" FDCCS#
0357h 0101 ry .
0376h | 0000 | 0011 | 0111 | 0111 | R/W IDE Controller ECS[2:0] =100
' 1-Secondary (IDECS1#)
0377h | 0000 | 0011 | 0111 | 0110 | R/W IDE Controller ECS[2:0] = 100
1-Secondary (IDECSH1 #)
0377h 0000 0011 | 0111 | 0111 | R/W | Floppy Disk Controller-
Secondary FDCCS#
0378h | 0000 | 0011 | 0111 | 1000 o
to to R/W Parallel Port LPT2 Ec(fézT.cc):]s—-#(r 0
037Bh 1011
03BCh : v o
to | 0000 | 0011 | 1011 | 11xx | R/W | Parallel Port LPT1 ECS[2:0] =010
(LPTCS#)
03BFh
03FOh 0000 | R/W i
to | 0000 | 0011 | 1111 | to Floppy ,D,'rf;gmtm"e" FDCCS #
0375h 0101 ry
03Fsh | 0000 | 0011 | 0111 | o110 | R/W IDE Controller ECS[2:0] = 100
: 1-Primary (IDECS1#)
03F7h | 0000 | o0o11 | 0111 | o111 | R/W IDE Controller ECS[2:0] = 100
1-Primary (IDECS1#)
03F7h | 0000 0011 | 0111 | 0111 | R/W | Floppy Disk Controller-
' : Secondary FDCCS#
03F8h ale
to | 0000 | 0011 | 1111 | 1000 | R/W |  Serial Port COM 1 ECS|2:0] =00x
(COMXCS #)
03FFh
0800h o
to | 0000 | 1000 | wox | xox | W/R “"gﬂ‘,{:m" CRAMWR # /CRAMRD #
08FFh
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5.0 EISA CONTROLLER
FUNCTIONAL DESCRIPTION

5.1 Overview

The EISA controller in the. ESC provides Master/
Slave EISA interface function for the ESC internal
resources. In addition the ESC acts as an EISA cen-
tral resource for the system. As a system central
resource, the EISA controller is responsible for gen-
erating the translation control signals necessary for
bus to bus transfers. This translation includes trans-
fer between devices on EISA Bus and ISA Bus and
transfers between different size master device and
slave device. The EISA controller generates the
control signals for EISA Data Swap Buffers integrat-
ed in the PCEB. The ESC EISA interface generates
cycles for DMA transfers, and refresh. The ESC in-
ternal registers are accessed through the EISA slave
interface. The ESC is responsible for supporting the
following:

Service EISA Master cycles to:
— EISA slaves devices.

— [ISA slave devices.

— ESC internal registers.

Service ISA Master cycles to:

— EISA slave devices.

— ISA (mis-matched) slave devices.
— ESC internal registers.

Service DMA cycles : '

— From/to DMA slave on the EISA bus to/from
memory on the EISA/ISA bus.

— From/to DMA slave on the ISA bus to/from
memory on the EISA/ISA bus.

— From/to DMA slave on the EISA/ISA bus to/
from memory on the PCI bus.

Service REFRESH cycles :

The EISA controller will service the refresh cycle
by generating the appropriate address and com-
mand signals. These cycles are initiated by either
the ESC internal refresh logic or by an external
ISA-Bus Master.

Generates DATA SWAP BUFFER control:

The EISA controller generates the control signals
for the data bus swap control (assembly/disas-
sembly) and swapping process to support data
size mismatches of the devices on the EISA and
ISA buses. The actual data steering and swap-
ping is performed by the PCEB.
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Generate WAIT STATES:

The wait state generator is responsible for gener-
ating the wait states based on the sampling of the
EXRDY, CHRDY, NOWS# and the default wait
states. The default wait state depends on the cy-

cle type.

5.2 Clock Generation

The ESC generates the EISA Bus clock. The ESC
uses a divider circuit to generate the EISA Bus
clock. The ESC supports PCI bus frequencies be-
tween 25 MHz and 33 MHz. The PCI clock is divided
by 3 or 4 by the clock generation logic in the ESC.
The EISA Clock Divisor register bits [2:0] select the
divide value.

The ESC provides the EISA Bus clock as.the
BCLKOUT output. Although the ESC is capable of
driving 240 pF load on the BCLKOUT pin, it is rec-
ommended that this signal be buffered to product
the EISA BCLK signal.

The ESC EISA control logic and EISA interface is
synchronous to the BCLK input. A maximum delay of
15 ns is allowed between the BCLKOUT output and
the BCLK input for proper device functionality.

Table 5-1. PCICLK and BCLK

Frequency Relationship
PCICLK DIVISOR BCLK
(MHz) (Programmable) (MHz2)
25 3 8.33.
30 4* 75
33.3 4* 8.33
NOTE:

*The ESC wakes up after reset with a default divisor value
of 4.

5.2.1 CLOCK STRETCHING

The ESC is capable of stretching EISA Bus clock
(BCLKOUT) for PCEB generated EISA cycles. The
ESC stretches the EISA Bus clock (BCLKOUT) in
order to minimize the synchronization penalty be-
tween PCI clock and EISA clock for accesses to
EISA Bus by PCl agents. The PCEB initiates an EISA
cycle by asserting START# synchronous to
PCICLK. The ESC ensures the START# mimimum
pulse width is met by stretching the EISA Bus clock
low time. i

The ESC samples START# on every PCICLK when
the PCEB has the EISA Bus. After sampling
START# asserted, the ESC delays the rising edge
of BCLKOUT until the START # has met the 115 ns
minimum pulse width specification.
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Figure 5-1. BCLK Stretching

5.3 EISA Master Cycles

EISA Master cycles are initiated on the EISA bus by
an EISA Master (including PCEB for PCl agents).
These cycles are accesses to the following resourc-
es:

— EISA slaves devices (including' PCEB for PCl
agents).

— ISA slave devices.
— ESC internal registers (8-bit EISA Slave).

An EISA master gains control of the bus by asserting
MREQx# (PEREQ# in case of PCEB) to the ESC.
The ESC after performing the necessary arbitration
asserts the corresponding MACKn# (negates
EISAHOLD in case of the PCEB). Refer to Chapter
7.0 for arbitration protocol.

In response to receiving the acknowledge signal, the
EISA Master starts the cycle by driving the bus with
. LA[31:02], BE[3:0], W/R, and M/IO. The EISA Mas-
ter then asserts START# to indicate the beginning
of the current cycle. A 16-bit EISA Master will also
assert MASTER16# at this time. The ESC gener-
ates SBEH#, S1, and SO0 signals from the BE[3:0] #
signals. .

5.3.1 EISA MASTER TO 32 EISA SLAVE

An EISA slave after decoding its address asserts
EX32# or EX16#. The EISA master and the ESC
use these signals to determine the EISA slave data
size. The 32-bit or 16-bit EISA master continues with
the cycles if EX32# or EX16# is asserted respec-
tively. The ESC acts as a central resources for the
EISA master and generates CMD# for the cycles.

The ESC asserts CMD# on the same BCLK edge
that START# is negated. The ESC monitors the
EXRDY signal on the EISA bus to determine when to
negate the CMD#. An EISA Slave can extend the
cycle by negating EXRDY. EISA specifications re-
quire that EXRDY not be held negated for more than
2.5 ps. A burstable EISA slave asserts SLBURST #
signal the same time the slave decodes its address.
The EISA master will sample SLBURST# and as-
sert MSBURST # if it is capable of bursting. The
ESC keeps the CMD# asserted during a burst EISA
transfer. The ESC deasserts CMD# to indicate the

- end of the burst transfer after the EISA master deas-
serts MSBURST #.
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If EX16 # is asserted, a 32-bit EISA master backs-off
the bus by floating BE[3:0]# and START# (see
Section 5.3.4). The ESC acts as a central resources
for the EISA master in this case and takes over the
mastership of the EISA bus by deriving START #,
CMD#, and the appropriate byte enables. The ESC
generates the necessary translation cycles for the
EISA master and returns the bus ownership to the
master by asserting EX32# and EX16#. The ESC
monitors the EXRDY signal on the EISA bus to de-
termine when to negate the CMD#. An EISA Slave
can extend the cycle by negating EXRDY. EISA
specification require that EXRDY not be held negat-
ed for more than 2.5 us. A burstable EISA slave will
assert SLBURST# signal the same time when its
address is decoded. The EISA master will sample
SLBURST# and assert MSBURST # if it is capable
of bursting. The ESC keeps the CMD# asserted dur-
ing a burst EISA transfer. The ESC deasserts CMD #
to indicate the end of the. burst transfer after the
EISA master deasserts MSBURST #.
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Figure 5-2. Standard EISA Master to EISA Slave Cycle
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Figure 5-3. Burst EISA Master to EISA Slave Cycle

5.3.2 EISA MASTER TO 16-BIT ISA SLAVE

An ISA slave after decoding its address asserts
Mi16# or I016#. The ESC monitors the EX32#,
EX16#, M16#, and |016# signals to determine the
slave type. If EX32# and EX16# are negated and
Mi6# or IO16# is asserted, the ESC performs ISA
translation cycles for the EISA Bus master by gener-
ating BALE, MRDC#, MWRC#, IORC#, IOWC#
signals as appropriate. The ISA slave can add wait
states by negating CHRDY. The ESC samples
CHRDY and translate it into EXRDY.
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5.3.3 EISA MASTER TO 8-BIT EISA/ISA
SLAVES

An 8-bit slave does not positively acknowledge its
selection by asserting any signal. The absence of an
asserted EX32#, EX16#, M16#, and I016# indi-
cate to the ESC that an 8-bit device has been select-
ed. The EISA master is backed-off the bus, and the
ESC takes over mastership of the EISA/ISA bus.
The ESC will run 8-bit translation cycles on the bus
by deriving the EISA control signals and the ISA
control signals. A slave can extend the cycles by
negating EXRDY or CHRDY signals. .

The ESC (Internal Registers) is accessed as an 8-bit
slave. .
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5.3.4 EISA MASTER BACK-OFF

During EISA master transfer where the master and
slave size is mis-matched, the EISA master is re-
quired to back-off the bus on the first falling edge of
BCLK after START# is negated. The EISA master
floats its START #, BE[3:0] #, and data lines at this
time. This allows the ESC to perform a translation
cycle. The master must back-off the bus if a master/

slave data size mis-match is determined, regardless
if data size translations is performed. At the end of
the data size translation or transfer cycle, control is
transferred back to the bus master by the ESC by
driving EX32# and EX16# active on the falling edge
of BCLK, before the rising edge of BCLK that the
last CMD# is negated. An additional BCLK is added
at the end of the transfer to allow the exchanging of
cycle control to occur.

BCLK

LA[31:2]

BE[3:0]#

START#

CMD#

EX32#, EX16#

EISA Master Floats
START#, BE[3:0}#
and SD[31:0}

EISA Master Drives
START#, BE[3:0}#
and SD[31:0]

290476-69

Figure 5-4. EISA Master Back-Off Cycle
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5.4 ISA Master Cycles

ISA cycles are initiated'on the I1SA bus by an ISA
master. These cycles are accesses to the following
" system resources:

— EISA slaves devices (lncludmg PCEB for PCI
agents). )

— ISA slave dewces
— ESC internal registers (8-bit EISA Slave).

The ISA Master initiates such a cycle by asserting
the DREQx# line to the ESC. The ESC after -per-
forming the necessary arbitration asserts the corre-
sponding DACKx# line. Upon receiving an acknowl-
edge from the ESC, the ISA master asserts the
MASTER16# signal line to indicate that it has con-
trol of the ISA bus and a cycle on the ISA bus will
take place.

The ESC translates the ISA address signals
SBHE#, SA1, and SAO to EISA byte enables
BE[3:0] #.

5.4.1 ISA MASTER TO 32-BIT/16-BIT EISA
SLAVE

An EISA slave will decode the address to determine
if it has been selected. In response to a positive de-
code, the EISA slave will assert EX32# or EX16#.

The ESC samples these signals to determine if an

EISA Slave has been selected. If these signals are
asserted, the ESC will perform ISA to EISA cycle

translation by driving the EISA control signals.

The ISA Master asserts one of the ISA command
signals MRDC#, MWTC#, IORC# or IOWC# de-
pending on whether or not the access is to a memo-
ry, an 1/0 device or an 1/0 register.. The ISA com-
mand signals will remain active until the end of the
cycle. The ESC will generate the EISA translation by
generating the EISA control signals; START#,

CMD#, M/IO#, and W/R#.

The EISA slave can add wait states by negating
EXRDY. The ESC samples EXRDY and translates it
into CHRDY. The ESC will also generate the control
signals to steer the data to the appropriate byte

lanes for mis-matched cycles.

5.4.2 ISA MASTER TO 16-BIT ISA SLAVE

An ISA Master initiates cycles to ISA slave devices.
These cycles are either memory read/write or 1/0
read/write. The ISA bus Master is assumed to be
16-bit device, and it can access either 8-bit or 16-bit
slave devices that reside on the ISA-bus. A 16-bit
ISA slave device will respond to a valid address by
asserting M16# for memory cycles and I016# for

170 cycles.

The ESC is inactive during ISA Master cycles where

either M16# or IO16# is sampled asserted.

LA[23:17]

SA[19:0],SBHE#

MRDC#, MWTC#
IORCH#, IOWC#
M16#, 1016#

el

SD[15:0] READ

SD[15:0] WRITE

290476-70

Figure 5-5. ISA Master to 16-Bit ISA Slave Cycles (3 BCLKs)
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BCLK
BALE

;/__

U

LA[23:17]

SA[15:0],SBHE#

MRDC#, MWTC#,
IORC#, IOWC#
‘M16#, 1016#

NOWSH#

CHRDY

SD[15:0] READ

SD[15:0] WRITE

290476-71

Figure 5-6. ISA Master to 16-Bit ISA Slave Extended Cycle (4 BCLKs)

5.4.3 ISA MASTER TO 8-BIT EISA/ISA SLAVE

An 8-bit slave does not positively acknowledge its
selection by asserting any signal. The absence of an
asserted EX32#, EX16#, M16#, and 1016# indi-
cate to the ESC that an 8-bit device has been select-
ed. The EISA master is backed-off the bus, and the
ESC takes over mastership of the EISA/ISA bus.
The ESC will run 8-bit translation cycles on the bus
by deriving the EISA control signals and the ISA
control signals. A slave can extend the cycles by
negating EXRDY or CHRDY signals.

The ESC (Internal Registers) is accessed as an 8-bit
slave.

5.4.4 ISA WAIT STATE GENERATION

There are three sources that can affect the genera-
tion of wait states for ISA cycles. The first is the
default wait states, which determines the standard
or default ISA bus cycle in the absence of any re-
sponse from the slave. The second is cycle exten-
sion, which is indicated by the slave pulling the

137

CHRDY signal line inactive (low). The CHRDY ‘is
high by default due to a pullup resistor. Thus, the
cycle will be extended until the CHRDY is returned
to its active high value. The third way to change the
number of wait states is when the slave asserts the
NOWS # signal which makes the cycle shorter than
the default or standard cycle.

ISA Memory slaves (8 bits and 16 bits) and ISA I/0
slaves (only 8 bits) can shorten their default cycles
by asserting the NOWS# signal lines. A 16-bit 1/0
slave cannot shorten its default cycles.

When NOWS# is asserted at the same time the
CHRDY is negated by the ISA slave device,
NOWS # will be ignored and wait states will be add-
ed. (i.e.; CHRDY has precedence over NOWS #.)

DMA devices (I/0) cannot add wait states, but mem-
ory can.

Table 5-2 shows the number of BCLKs for each cy-
cle type (Memory, I/0 DMA), default, wait states
added and with NOWS # asserted.
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Table 5-2. Number of BCLKs for ISA Master Cycles

Bus No Wait State crpandard One Wait State
Cycle Type Size NOWS# =0 NOWS# = 1 CHRDY =0
Number of BCLKs

Memory Read/Write 16 2 3 4
Memory Read/Write 8 4,5 6 7

1/0 Read/Write 16 3 3 4

1/0 Read/Write . 8 4,5 6 7

DMA Compatible 8/16 8 8 10
DMA Type A* 8/16 NA 6 7

DMA Type B* 8/16 NA 4

DMA Type Ct 8/16 NA 2

NOTES:

* If ISA memory responds, the ESC will extend the cycle by 1 BCLK.
1 1f ISA memory responds, the ESC will use DMA Type B read cycle timing.

5.5 Mis-Match Cycles

Data size translation is performed by the ESC for all
mis-matched cycles. A mis-matched cycle is defined
as a cycle in which the bus master and bus slave do
not have equal data bus sizes (e.g., a 32-bit EISA
master accessing a 16-bit ISA slave). The data size

PCEB. The ESC generates the appropriate cycles
and data steering control signals for mis-matched
cycles. The PCEB uses the data steering control sig-
nals from the ESC to latch and redirect the data to
the appropriate byte lanes. The ESC will perform
one or more of the following operations depending
on the master and slave type, transfer direction, and

translation is performed in conjunction with the the number of byte enables active.

Table 5-3. Mis-Match Master Slave Combinations

Slave Type
Master Type
32-Bit EISA 16-Bit EISA 16-Bit ISA 8-Bit EISA/ISA

32-Bit EISA with Standard Match Mis-Match Mis-Match Mis-Match
16-Bit Downshift Burst Match Match NA NA
32-Bit EISA Standard Match Mis-Match Mis-Match Mis-Match

Burst Match NA NA NA
16-Bit EISA Standard Mis-Match Match Mis-Match Mis-Match

Burst Mis-Match Match NA NA

NOTE:

NA: Not Applicable. The cycle will never occur.
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5.6- Data Swap Buffer Control Logic

For all mis-matched cycles, the ESC is responsible
for performing data size translations. The ESC per-
forms these data size translations by either becom-
ing the master of the EISA/ISA Bus (see Section
5.3.4) or by directing the flow of data to the appropri-
ate byte lanes. In both cases, the ESC generates
Data Swap Buffer control signals to perform data
size translation.

— SDCPYEN(13, 3:1]
— SDCPYUP

— SDOE[2:0] #

— SDLE[3:0] #

The Data Swap Buffers are integrated in the PCEB
(see PCEB data sheet Chapter 8.0 for Data Swap
Buffer function description). )

The data size translation cycles consist of one or
combinations of Assembly, Disassembly, Copy Up/
Down, and Redrive.

Assembly

This occurs during reads when an EISA master data
size is greater than the slave data size. ISA masters
are. required to perform assemble when accessing
8-bit slaves. Assembly consists of two, three, or four
cycles depending on the master data size, slave
data size, and number of active byte enables. During
the assembly process, the data is latched into the
PCEB data latch/buffers. This data is driven or redri-
ven on to the EISA bus during the last cycle. The
master after initiating the cycle backs-off the bus
(see the EISA master back-off Section for details)
when a mis-matched is detected. The ESC becomes
the bus master and runs the appropriate number of
cycles. At the end of the last cycle, the ESC trans-
fers the control of bus back to the original master.

Disassembly

This occurs during writes ‘when the EISA master
data size is greater than the slave data size. ISA
masters are required to perform disassemble when
accessing 8-bit slaves. Disassembly consists of two,
three, or four cycles depending on the master data
size, slave data size, and number of active byte en-
ables. During the disassembly process, the data is
latched in the PCEB latch/buffers on the first cycle.
This data is driven or redriven on to the EISA bus on
subsequent cycles. The master after initiating the cy-
cle backs-off the bus (see the EISA master back-off
Section for details) when a mis-matched is detected.
The ESC becomes the bus master and runs the ap-
propriate number of cycles. At the end of the last
cycle, the ESC transfers the control of bus back to
the original master.

139

Copy-Up

This occurs during reads when the master data size
is greater than the slave data size and during writes
when the master data size is smaller than the slave
data size. The copy-up function is used for cycles
with and without assembly/disassembly.

Copy-Down

This occurs during writes when the master data size
is greater than the slave data size and during reads
when the master data size is smaller than the slave
data size. The copy-down function is used for cycles
with and without assembly/disassembly.

Re-Drive

This occurs during reads and writes when both the
master and slave are on the EISA/ISA bus and the
PCEB is neither a master nor a slave. The re-drive
function is always performed in conjunction with as-
sembly/disassembly. During the assembly process,
the last cycle is a re-drive cycle. During disassembly,
all the cycles except the first cycle are re-drive cy-
cles.

5.7 Servicing DMA Cycles

The ESC is responsible for performing DMA trans-
fers. If the memory is determined (EX32# or EX16#
asserted) to be on the EISA bus, the DMA cycle can
be “A”, “B”, or “C” type. If the memory is deter-
mined to be on the ISA bus, then the DMA cycle will
run as a compatible cycle. The DMA transfers are
described in detail in Section 8.0.

5.8 Refresh Cycles

The ESC support refresh cycles on the EISA/ISA
bus. The ESC asserts the REFRESH # signal to indi-
cate when a refresh cycle is in progress. Refresh
cycles are generated by two sources: the refresh
unit inside the ESC or an external ISA bus masters.
The EISA bus controller will enable the address lines
LA[15:2] and the BE[3:0] #. The High and Low Page
register contents will also be placed on the
LA[31:16] bus during refresh. Memory slaves on the
EISA/ISA bus must not drive any data onto the data
bus during the refresh cycle. Slow memory slaves on
the EISA/ISA may extend the refresh cycle by nega-
ting the EXRDY or CHRDY signal respectively. The
refresh cycles are also described in Section 6.11.
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5.9 EISA Slot Support The ESC generates encoded AENs and encoded -
Master Acknowledge signals for 8 slots and 8 mas-

The ESC support up of 8 EISA slots. The ESC pro- ters. These signals must be decoded on the system
vides support for the 8 slots as follows: board to generate the slot specific AENXx signals and
_ ‘Airant. MACKx# signals. The ESC can be programmed
r;{hgrissg :g %?f:sagzgit?vaetﬁ:aﬁpc;‘r: t:l:xéf g:s(_#"ed _through Mode Select register bit[1:0] to directly gen-

. . erate these signals for 4 slots and 4 masters.
— The ESC generates slot specific AENXx signals.

— The ESC supports EISA masters in all 8 slots. 59.1 AEN GENERATION

The ESC directly generates the slot specific AEN
signals if the ESC is configured to support 4 AENx.

Table 5-4. AEN Generation

CYCLE A15:A12 A11:A8 AT:A4 A3:A0 AEN4 AEN3 AEN2 AEN1
DMA XX X0 XK X0 1 1 1 1
1/0 0000 xx00 XXXX XXX 1 1 1 1
1/0 0001 xx00 XXXX XXXX 1 1 1 0
1/0 0010 xx00 XXX 000K 1 1 0 1
170 - 0011 xx00 YOXX XXXX 1 0 1 1
170 0100 xx00 | o0 YO0K 0 1 1 1
170 0101 ' _

to xx00 XXX XXX 1 1 1 1
1111 _
110 XXXX xx01 XXXX XXXX 0 0 0 0

170 X000 xx10 00K YOOKX 0 0 0 0
1/0 XXXX xx11 XXXX 00K 0 0 0 0
MEM XXX XXX preed XXXX 0 0 0 0
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If the ESC is programmed to support more than 4 signals. Discrete logic like a F138 is required to gen-
EISA AENx, the ESC will generate Encoded AEN erate the slot specific AENs.

Table 5-5. Encoded AEN (AEN) Generation

CYCLE A15:A12 A11:A8 A7:A4 A3:A0 EAEN4 EAEN3 EAEN2 EAEN1
DMA XXX 00K XX YOOKX 1 1 1 1
7o - 0000 xx00 300X YO 1 1 1 1
1/0 0001 xx00 000K X000 0 0. 0 1
1/0 0010 xx00 XXXX XXXX 0 0 1 (]
1710 . 0011 xx00 3OKX X0 0 0 1 ) 1
110 0100 xx00 YO0 XXXX 0 1 0 0

m7{e] 0101 xx00 300K YO0 0 1 0 1
110 0110 xx00 YOOX YOOKX 0 1 1 0
110 o111 xx00 300 X00X 0 1 1 1
1/0 1000 XX00 000K YO0 1 0 0 0
1/0 1001

to xx00 300X X0 1 1 1 1
1111

110 00X xx01 C00X XXXX 0 0 0 0

1/0 00X xx10 Y00 YOKX 0 0 0 0

170 000K xx11 XOOX XX 0 0 0 0

MEM 00X XXX XXX JOKX 0 0 0 0
NOTE: :
EAENI[4:1] combinations not specified in the table are Reserved.
5.9.2 MACKx# GENERATION ' - If the ESC is brogrammed to support more than 4

EISA slots, the ESC will generate Encoded
The ESC generates the EISA Master Acknowledge (E)MACKx #s. Discrete logic like a F138 is required
signals if the ESC is configured to directly support 4 to generate the MACKx #s for-the Masters.
masters through the Mode Select Register bit[1:0].
In this case the ESC generates MACKx#s for Mas-

ter 0-3.
Table 5-6. Encoded MACK # (EMACKXx #) Generation
EMACK][4:1] | MACK7# | MACK6# | MACK5# | MACK4# | MACK3# | MACK2# | MACK1# | MACKO #

0000 1 1 1 1 1 1 1 0
0001 1 1 1 1 1 1 0 1
0010 1 A 1 1 1 0 1 1
0011 1 1 1 1 0 1 1 1
0100 1 1 1 0 1 1 1 1
0101 1 1 0 1 1 1 1 1
0110 1 0 1 1 1 1 1 1
0111 0 1 1 1 1 1 1 1
1111 1 1 1 1 1 1 1 1

NOTE:

EMACKI[4:1] combinations 1000-1110 are Reserved.
' 141
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6.0 DMA CONTROLLER

6.1 DMA Controller Overview

The DMA circuitry incorporates the functionality of
two 82C37 DMA controllers with seven indepen-
dently programmable channels, (Channels 0-3 and
Channels 5-7). DMA Channel 4 is used to cascade
the two controllers together.and will default to cas-
cade mode in the Mode register. In addition to ac-
cepting requests from DMA slaves, the DMA also
responds to requests that are initiated by software.
Software may initiate a DMA service request by set-
ting any DMA Channel Request register bit to a 1.
The DMA controller for Channels 0-3 is referred to
as “DMA-1” and the controller for Channels 4-7 is
“DMA-2".

Channel 0
Channel 1
Channel 2
Channel 3

DMA-1

Channel 4

Channel 5
Channel 6

DMA-2
Channel 7

290476-72

Figure 6-1. Internal DMA Controller

Each DMA channel can be programmed for 8-bit or
16-bit DMA device size. Each channel can also be
programmed for compatibility, Type “A”, Type “B”,
or Type “C” (burst transfer) timings. Each DMA
channel defaults to the PC-AT compatible settings
for DMA device size: channels [3:0] default to 8-bit,
count-by-bytes transfers, while channels [7:5] de-
fault to 16-bit, count-by-words (address shifted)
transfers. The ESC provides the timing control and
data size translation necessary for DMA transfers
between EISA/ISA agents of mismatched bus sizes.

The DMA Controller supports full 32-bit addressing.
Each channel includes a 16-bit ISA compatible Cur-
rent register which holds the 16 least-significant bits
of the 32-bit address, and an ISA compatible Low
Page register which contains the eight second most
significant bits. An additional High Page register con-
tains the eight most significant bits of the 32-bit ad-
dress. The address counter can be programmed as
either 16-bit compatible address counter or a full
32-bit address counter.

The channels can also be programmed for ény of
four transfer modes. The transfer modes include sin-
gle, block, demand, or cascade. Each of the three

-active transfer modes (single, block, and demand),
- can perform three different types of transfers (read,

write, or verify).

The DMA Controller also features refresh address
generation, and auto-initialization following a DMA
termination. EISA compatible buffer chaining is in-
cluded as well as Stop registers to support ring buff-
er structures.

Scatter-Gather reduces CPU overhead by eliminat-
ing reprogramming of the DMA and O between buff-
ers as well as reducing the number of interrupts.

The DMA Controller includes the EISA Bus arbiter
which works with the PCEB’s PCI bus arbiter. The
arbiter determines which requester from among the
requesting DMA slaves, EISA bus masters, the PCI
bus, or Refresh should have the bus.

The DMA Controller is at any time either in master
mode or slave mode. In master mode, the DMA con-
troller is either servicing a DMA slave’s request for
DMA cycles, allowing an ISA master to use the bus
via a cascaded DREQ signal, or granting the bus to
an EISA master via MREQ#/MACK#. In slave
mode, the ESC monitors both the EISA bus decod-
ing and responding to 1/0 read and write commands
that address its registers. )

When the DMA is in master mode and servicing a
DMA slave, it works in conjunction with the ESC
EISA bus controller to create bus cycles on the EISA
bus. The DMA places addresses onto the internal
address bus and the bus controller informs the DMA
when to place a new address on the internal bus.

6.2 DMA Transfer Modes

The channels can be programméd for any of four
transfer modes. The transfer modes include single,

_block, demand, or cascade. Each of the three active
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transfer modes (single, block, and demand), can
perform three different types of transfers (read,
write, or verify). The ESC does not support memory
to memory transfers.



intgl.

82374EB

ADVANGE INFORMATION

6.2.1 SINGLE TRANSFER MODE

In Single Transfer mode the DMA is programmed to
make one transfer only. The byte/word count will be
decremented and the address decremented or in-
cremented following each transfer. When the byte/
word count “rolls over” from zero to FFFFFFh, or an
external EOP is encountered, a Terminal Count (TC)
will load a new buffer via Scatter-Gather, buffer
chaining or autoinitialize if it is programmed to do so.

DREQ must be held active until DACK becomes ac-
tive in order to be recognized. If DREQ is held active
throughout the single transfer, the bus will be re-
leased to the CPU after a single transfer. With the
DREQ asserted high, the DMA 1/0 device will rearbi-
trate for the bus. Upon winning the bus, another sin-
gle transfer will be performed. This allows other bus
masters a chance to arbitrate for, win, and execute
cycles on the EISA Bus.

6.2.2 BLOCK TRANSFER MODE

In Block Transfer mode the DMA is activated by
DREQ to continue making transfers during the serv-
ice until a TC, caused by either a byte/word count
going to FFFFFFh or an external EOP, is encoun-
tered. DREQ need only be held active until DACK
becomes active. If the channel has been pro-
grammed for it, a new buffer will be loaded by Scat-
ter-Gather, buffer chaining or Auto-initialization at
the end of the service. In this mode, it is possible to
lock out other devices for a period of time (including
refresh) if the transfer count is programmed to a
large number and Compatible timing is selected.
Block mode can effectively be used with Type “A”,
Type ”B”, or Burst timing since the channel can be
interrupted through the 4 ps timeout mechanism,
and other devices (or Refresh) can arbitrate for and
win the bus. See Chapter 7.0 on the EISA Bus Arbi-
tration for a detailed description of the 4 us timeout
mechanism.

6.2.3 DEMAND TRANSFER MODE

In Demand Transfer mode the DMA channel is pro-
grammed to continue making transfers until a TC
(Terminal Count) is encountered or an external EOP
is encountered, or until the DMA 1/0 device pulls
DREQ inactive. Thus, transfers may continue until
the 1/0 device has exhausted its data capacity. After
the 170 device catches up, the DMA service is re-es-

tablished when the DMA /0 device reasserts the .

channel’'s DREQ. During the time between services
when the system is allowed to operate, the interme-
diate values of address and byte/word count are
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stored in the DMA controller Current Address and
Current Byte/Word Count registers. A TC can cause
a new buffer to be loaded via Scatter-Gather, buffer
chaining or Autoinitialize at the end of the service if
the channel has been programmed for it.

6.2.4 CASCADE MODE

This mode is used to cascade more than one DMA
controller together for simple system DMA requests
for the additional device propagate through the pri-
ority network circuitry of the preceding device. The
priority chain is preserved and the new device must
wait for its turn to acknowledge requests. Within the
ESC architecture, Channel 0 of DMA Controller two
(DMA-2, Ch 4) is used to cascade DMA Controller
one (DMA-1) to provide a total of seven DMA chan-
nels. Channel 0 on DMA-2 (labeled Ch 4 overall)
connects the second half of the DMA system. This
channel is not available for any other purpose.

In Cascade Mode, the DMA Controller wili respond
to DREQ with DACK, but the ESC will not drive the
bus. :

Cascade mode is also used to allow direct access of
the system by 16-bit bus masters. These devices
use the DREQ and DACK signals to arbitrate for the
system bus and then they drive the address and
command lines to control the bus. The ISA master
asserts its ISA master request line (DREQx) to the
DMA internal arbiter. If the ISA master wins the arbi-
tration, the ESC responds with an ISA Master Ac-
knowledge (DACKx) signal active. Upon sampling
the DACKXx line active, the ISA Master asserts MAS-
TER16# signal and takes control of the EISA bus.
The ISA Master has control of the EISA Bus, and the
ISA Master may run cycles untit it negates the MAS-
TER16# signal.

6.3 DMA Transfer Types

Each of the three active transfer modes (Single,
Block, or Demand) can perform three different types
of transfers. These transfers are Read, Write and
Verify.

Write Transfer

Write transfers move data from an EISA/ISA I/0 de-
vice to memory located on EISA/ISA Bus or PCI Lo-
cal Bus. The DMA indicates the transfer type to the
EISA bus controller. The bus controller will activate
IORC# and the appropriate EISA control signals
(M/I0# and W/R#) to indicate a memory write.
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Read Transfer

Read transfers move data from EISA/ISA or PCI
memory to an EISA/ISA 1/0 device. The DMA indi-
cates the transfer type to the EISA bus controller.
The bus controller will activate IOWC# and the ap-
propriate EISA control signals (M/I0# and W/R#)
to indicate a memory read.

Verify Transfer

Verify transfers are pseudo transfers. The DMA con-
troller operates as in Read or Write transfers, gener-
ating addresses and producing TC, etc. However,
the ESC does not assert the memory and 1/0 con-
trol signals. Only the DACK signals are asserted. In-
ternally the DMA controller will count BCLKs so that
the DACK signals have a defined pulse width. This
pulse width is nine BCLKs long. If Verify transfers
are repeated during Block or Demand DMA re-

quests, each additional pseudo transfer will add
eight BCLKs. The DACK signals will not be toggled
for repeated transfers.

6.4 DMA Timing

The ESC DMA provides four transfer timings. In ad-
dition to the compatible timings, the ESC DMA pro-
vides Type “A”, Type “B”, and Type “C” (Burst)
timings for 1/0 slave devices capable of running at
faster speeds.

6.4.1 COMPATIBLE TIMINGS

Compatibie timing is provided for DMA slave devic-
es. Compatible timing runs at 9 BCLKs (1080 ns/sin-
gle cycle) and 8 BCLKs (960 ns/cycle) during the
repeated portion of a Block or Demand mode trans-
fers. i

BCLK

Addr

W/R#

START#

CMD#

MRDC#

IOWC#

SD[32:0]

290476-73

Figure 6-2a. Compatible DMA Read Transfer (8 BCLKs)
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BCLK

Addr

W/R#

START#

CMD#

MWTCH#
IORCH#
SD[32:0]

29047674

Figure 6-2b. Compatible DMA Write Transfer (8 BCLKS)

6.4.2 TYPE “A” TIMING

Type “A” timing varies from compatible timing bri-
marily in shortening the memory operation to the

Type “A” timing is provided to allow shorter cycles minimum allowed by system memory. The 1/0 por-

to EISA memory.

tion of the cycle (data setup on write, 1/0 read ac-
cess time) is the same as with compatible cycles.

NOTE: The actual active command time is shorter, but it is
Main memory behaves like EISA memory be- expected that the DMA devices which provide the

cause the PCEB has an EISA slave interface. , data access time or write data setup time should not

Type “A” timing runs at 7

require excess IORC# or IOWC# command active
BCLKs (840 ns/single cy- time. Because of this, most DMA devices should be

cle) and 6 BCLKs (720 ns/cycle) during the repeat- able to use type “A” timing.
ed portion of a Block or Demand mode transfer. '

BCLK
Addr

W/R#

START#
CMD#
'MRDC#
lowc#
SD[32:0]

290476-75

Figure 6-3a. Type “A” DMA Read Transfers (6 BCLKS)
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6.4.3 TYPE “B” TIMING

Type “B” timing is provided for 8-bit/16-bit DMA de-
vices which can accept faster /0 timing. Type “B”
only works with fast system memory. Type “B” tim-
ing runs at 6 BCLKs (720 ns/single cycle) and 4
BCLKSs (480 ns/cycle) during the repeated portion of
a Block or Demand mode transfer. Type “B” timing

requires faster DMA slave devices than compatible
timing in that the cycles are shortened so that the
data setup time on 1/0 write cycles is shortened and
the 1/0 read access time is required to be faster.
Some of the current ISA devices should be able to
support type “B” timing, but these will probably be
more recent designs using relatively fast technology.

BCLK

Addr

START#

CMD#

MRDC#

IOWCH#

SD[32:0]

290476-76

Figure 6-4a. Type “B” DMA Read Transfer (4 BCLKS)
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6.44 TYPE “C” (BURST) TIMING

Type “C” (burst) timing is ‘provided for EISA DMA
devices. The DMA slave device needs to monitor
EXRDY and IORC# or IOWC# signals to determine
when to change the data (on writes) or sample the
data (on reads). This timing will allow up to
33 MBytes per second transfer rate with a 32-bit
DMA device and 32-bit memory. Note that 8-bit or
16-bit DMA devices are supported (through the pro-

grammable DMA address increment) and that they
use the “byte lanes” natural to their size for the data
transfer. As with all bursts, the system will revert to
two BCLK cycles if the memory does not support
burst. When a DMA burst cycle accesses non-burst
memory and the DMA cycle crosses a page bounda-
ry into burstable memory, the ESC will continue per-
forming standard (non-burst) cycles. This will. not
cause a problem since the data is transferred  cor-
rectly.

N :
SLBURST# P W

MSBURST#

W/R#

| .
|
t ;
| .
| .
1
i

START#

CMD#

MRDC#

|
;
{
[
|
|
|
|
|
|
|
T
|
i
IOWC#
|

1
1
|
|
T
|
|
|
i
]

SD[32:0]

290476-77

Figure 6-5a. Type “C” (Burst) DMA Read Transfers (1 BCLK)
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6.5 Channel Priority Table 6-2. Rotating Priority Example
For priority resolution the DMA consists of two logi- Programmed Action Priority
cal channel groups-channels 0-3 and channels Mode High...Low
4-6. Each group may be in either Fixed or Rotate — -
mode, as determined by the Command register. Group (0-3) | 1. Initial Setting | (0. 1,2,3),5,6,7
: is in rotation
For arbitration purposes, the source of the DMA re- mode.
quest is transparent. DMA 1/0 slaves normally as- Group (4-7) | 2. After servicing [(3,0,1,2),5,6,7
sert their DREQ line to arbitrate for DMA service. is in fixed channel 2
However, a software request for DMA service can mode.
be presented through each channel’s DMA Request —
register. A software request is subject to the same 3. After servicing {(0, 1,2, 3),5,6,7
prioritization as any hardware request. Please see channel 3 :
the detailed register description in Section 3.2 for Group (0-3) |1. Initial Setting | (0, 1,2, 3), 5,6, 7
Request Register programming information. in rotation om e
mode.
Fixed Priority Group (4-7) | 2. After servicing |5, 6,7, (1,2, 3,0)
The initial fixed priority structure is as follows: is n fotation | channel 0
Table 6-1. Initial Fixed 3. After servicing (6,7,(1,2,3,0),5
Priority Structure channel 5 .
High Priority | Low Priority (note that the | 4. After servicing {7,(1,2,3,0),5,6
first servicing | channel 6 .
0,1,2,3)56,7 of channel 0 "
caused 5. After servicing [ (1,2, 3,0),5,6,7
The fixed priority ordering is 0, 1, 2, 3, 5,6,and 6.In |double channel 7
this scheme, Channel 0 has the highest priority, and rotation).

Channel 7 has the lowest priority. Channels [3:0] of -

DMA-1 assume the priority position of Channel 4 in
DMA-2, thus taking priority over Channels 5, 6, and
7.

Rotating Priority

Rotation allows for “fairness™ in priority resolution.
The priority chain rotates so that the last channel
serviced is assigned the lowest priority in the Chan-
nel group (0-3, 5-7).

Channels 0-3 rotate as a group of 4. They are al-
ways placed between Channel 5 and Channel 7 in
the priority list.

Channel 5-7 rotate as part of a group of 4. That is,
Channels (5-7) form the first three partners in the
rotation, while Channel group (0-3) comprises the
fourth position in the arbitration.

Table 6-2 demonstrates rotation priority:
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6.6 Scatter-Gather Functional
Description

Scatter-Gather provides the capability of transferring
multiple buffers between memory and I/0 without
CPU intervention. In Scatter-Gather, the DMA can
read the memory address and word count from an
array of buffer descriptors called the Scatter-Gather
Descriptor (SGD) Table. This allows the DMA to sus-
tain DMA transfers until all buffers in the Scatter-
Gather Descriptior Table are. transferred.

The Scatter-Gather Command register and Scatter-
Gather Status register are used to control the opera-
tional aspect of Scatter-Gather transfers (see
Section 3.2 for details of these registers). The
Scatter-Gather Descriptior Next Link register holds
the address of the next buffer descriptor in the
Scatter-Gather Descriptor Table.

The next buffer descriptor is fetched from the Scat-
ter-Gather Descriptor Table by a DMA read transfer.
DACK# will not be asserted for this transfer be-
cause the I/O device is the DMA itself and the
DACK is internal to the ESC. The ESC will assert
IOWC# for these bus cycles like any other DMA
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transfer. The ESC will behave as an 8-bit I/0 slave
and will run type “B” timings for a Scatter-Gather
buffer descriptor transfer. EOP will be asserted at
the end of the transfer.

To initiate a typical Scatter-Gather transfer between
memory and 1/O device following steps involved:

Software prepares a Scatter-Gather Descriptor
(SGD) Table in system memory. Each Scatter-
Gather descriptor is 8 bytes long and consists of
an address pointer to the starting address and
the transfer count of the memory buffer to be
transferred. In any given SGD Table, two consu-
tive SGDs are offset by 8 bytes and are aligned
on a 4-byte boundary.

. Each Scatter-Gather Descriptor for the linked list

must contain following information:
a) Memory Address (buffer start) 4 bytes
b) Byte Count (buffer size) 3 bytes
¢) End of Link List 1 bit (MSB)
Initialize DMA Mode and Extended Mode registers
with transfer specific information like 8-bit/16-bit I/0
device, Transfer Mode, Transfer Type, etc.

Software provides the starting address of the Scat-

ter-Gather Descriptor Table by loading the Scatter- -

Gather Descriptor Table Pointer register.

Engage the Scatter-Gather machine by writing a

Start command to the Scatter-Gather Command
register.

The Mask register should be cleared as the last step
of programming the DMA register set. This is to pre-
vent DMA from starting a transfer with a partially
loaded command description.

Once the register set is loaded and the channel is
unmasked, the DMA will generate an internal re-
quest to fetch the first buffer from the Scatter-Gath-
er Descriptor Table. .

The DMA will then respond to. DREQ or software
requests. The first transfer from the first buffer will
move the memory address and word count from the
Base register set to the Current register set. As long
as Scatter-Gather is active and the Base register set
is not loaded and the last buffer has not been
fetched, the channel will generate a request to fetch
a reserve buffer into the Base register set. The re-
serve buffer is loaded to minimize latency problems
going from one buffer to another. Fetching a reserve
buffer has a lower priority than completing DMA for
the channel.

The DMA controller will terminate a Scatter-Gather
cycle by detecting an End of List (EOL) bit in the
SGD. After the EOL bit is detected, the channel will
transfer the buffers in the Base and Current register

‘sets if they are loaded. At Terminal Count the chan-

nel will assert EOP or IRQ13 depending on its pro-
gramming and set the Terminate bit in the Scatter-
Gather Status register. The Active bit in the
Scatter-Gather Status register will be reset and the
channel’s Mask bit will be set.

byte 3 byte 2 byte 1 byte O Address
~ | XXXOh
Dword 0 Memory Address | XXX3h
XXX4h
Dword 1 EOL RESERVED Byte Count XXX7h
' 290478-78

Figure 6-6. Scatter-Gather Descriptor Format
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| SGD Table Pir. Register l
v SGD TABLE MEMORY BUFFERS
L »
Ptr. MEMORY ADDRESS 1
SGD A :
0 BYTE COUNT
L |
Ptr. + 8h MEMORY ADDRESS
SGD B ’ :
0 BYTE COUNT
Ptr, + 10h 'MEMORY ADDRESS \ ‘
"SGDC
1 BYTE COUNT »

290476-79

Figure 6-7. Link List Example

6.7 Register Functionality

Please see Section 3.2 for detailed infornﬁation on
register programming, bit definitions, and default val-
ues/functions after a reset.

DMA Channel 4 is used to cascade the two DMA
controllers together and should not be programmed
for any mode other than cascade. The Mode register
for Channel 4 will default to cascade mode. Special
attention should also be taken when programming
the Command and Mask registers as related: to
Channel 4 (refer to the Command and Mask register
descriptions, Section 3.2).

6.7.1 ADDRESS COMPATIBILITY MODE

Whenever the DMA is operating in Address Compat-
ibility mode, the addresses do not increment or dec-
rement through the High and Low Page registers,
and the high page register is set to 00h. This is com-
patible with the 82C37 and Low Page register imple-
mentation used in the PC AT. This mode is set when
any of the lower three address bytes of a channel
are programmed. If the upper byte of a channel's
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address is programmed last, the channel will go into
Extended Address Mode. In this mode, the high byte
may be any value and the address will increment or

~ decrement through the entire 32-bit address.

After reset is negated all channeis will be set to
Address Compatibility Mode. The DMA Master Clear
command will also reset the proper channels to Ad-
dress Compatibility Mode. The Address Compatibil-
ity Mode bits are stored on a per channel basis.

6.7.2 SUMMARY OF THE DMA TRANSFER
SIZES

Table 6-3 lists each of the DMA device transfer
sizes. The column labeled “Word Count Register”
indicates that the register contents represents either
the number of bytes to transfer or the number of
16-bit words to transfer. The column labeled “Cur-
rent Address: Register Increment/Decrement” indi-
cates the number added to or taken from the
Current Address register after each DMA transfer
cycle. The Mode Register determines if the Current
Address register will be incremented or decrement-
ed. .



intgl.

82374EB

ADVANCE INFORMATION

Table 6-3. DMA Transfer Size

DMA Device Word | Juent
Date Size and Count Increment/
Word Count Register Decrement

8-Bit 170, Count By Bytes 1
Bytes
16-Bit {/0,Count By Words 1
Words (Address
Shifted)
16-Bit I/0,Count By Bytes 2
Bytes
32-Bit 1/0,Count By Bytes 4
Bytes :

6.7.3 ADDRESS SHIFTING WHEN
PROGRAMMED FOR 16-BIT I/0 COUNT
BY WORDS

To maintain compatibility with the implementation of
the DMA in the PCAT which used the 82C37, the
DMA will shift the addresses when the Extended
Mode register is programmed for, or defaulted to,
transfers to/from a 16-bit device count-by-words.
Note that the least significant bit of the Low Page
register is dropped in 16-bit shifted mode. When pro-
gramming the Current Address register while the
DMA channel is in this mode, the Current Address
must be programmed to an even address with the
address value shifted right by one bit. The address
shifting is shown in Table 6-4.

6.7.4 STOP REGISTERS (RING BUFFER DATA
STRUCTURE)

To support a common data communication data
structure, (the ring buffer), a set of DMA registers
have been provided. These registers are called Stop
registers. Each channel has 22 bits of register loca-
tion associated with it. The 22 bits are distributed
between three different registers (one six-bit and
two eight-bit). The Stop registers can be enabled or
disabled by writing to the channel’s corresponding
Extended Mode register.

The ring buffer data structure reserves a fixed por-
tion of memory, on doubleword boundaries, to be
used for a DMA channel. Consecutively received
frames or other data structures are stored sequen-
tially within the boundaries of the ring buffer memo-
ry.

The beginning and end of the ring buffer area is de-
fined in the Base Address register and the Base Ad-
dress register + the Base Byte/Transfer Count. The
incoming frames (data) are deposited in sequential
locations of the ring buffer. When the DMA reaches
the end of the ring buffer, indicating the byte count
has expired, the DMA controller (if so programmed)
will Autoinitialize. Upon autoinitialization, the Current
Address register will be restored from the Base Ad-
dress register, taking the process back to the start of
the ring buffer. The DMA will then be available to
begin depositing the incoming bytes in the ring buff-
ers sequential locations, providing that the CPU has
read the data that was previously placed in those
locations. The DMA determines that the CPU has
read certain data by the value that the CPU writes
into the Stop register.

Table 6-4. Address Shifting in 16-Bit 1/0 DMA Transfers

8-Bit1/0 16-Bit1/0 16-Bit 170 32-Bit1/0
Output Programmed Programmed | Programmed | Programmed
Address r:?’ dress Address Address Address
(Shifted) (No Shift) (No Shift)
A0 A0 “0” AO A0
Al16:1] Alt6:1] Al15:0} Al16:01] Al16:01]
Al31:17] A[31:17] Al31:17] Al31:17] Al31:17]
NOTE: '

The least significant bit of the Low Register is dropped in 16-bit shifted mode.
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Once the data of a frame is read by the CPU, the
memory location it occupies becomes available for
other incoming frames. The Stop register prevents
the DMA from over writing data that has not yet
been read by the CPU. After the CPU has read a
frame from memory it will update the Stop register to
point to the location that was last read. The DMA will
not deposit data into any location beyond that point-
ed to by the top register. The last address trans-
ferred before the channel is masked is the first ad-
dress that matches the Stop register.

For example:

If the stop register = 00001Ch, the last three trans-
fers will be:

Table 6-5. Stop Register Functionality Example

By Bytes | By Words | By Words

XX00001Ah | XX000018h
XX00001Bh { XX00001Ah
XX00001Ch|XX00001Ch

XX000021h | XX000023h
XX000020h [ XX000021h

Increment
XX00001Ah
XX00001Ch

XX000023h
XX000021h

Decrement

XX000018h|.

XX00001Fh [ XX00001Fh| XX00001Fh

The Stop registers store values to compare against
LA[23:2] only, so the size of the ring buffer is limited
to 16 Megabytes.

6.7.5 BUFFER CHAINING MODE AND STATUS
REGISTERS

The Chaining Mode registers are used to implement.

the buffer chaining mode of a channel. The buffer
chaining mode is useful when transferring data from
a peripheral to several different areas of memory
with one continuous transfer operation. Four regis-
ters are used to implement this function: the Chain-
ing Mode register, the Chaining Mode Status Regis-
ter, the Channel interrupt Status register, and the
Chain Buffer Expiration Control register.

The Chaining Mode register controls the buffer
chaining initialization. Buffer chaining mode can be
enabled or disabled. A Chaining Mode bit is used to
indicate if Base register programming is complete
and chaining can begin, or to hold off chaining be-
cause the Base registers still need programming.
Another bit dictates the buffer expiration response
by indicating whether an iRQi3 or EOP shouid be
issued when the buffer needs reprogramming.

The Chaining Mode Status Register indicates wheth-
er each channel’s chaining mode is enabled or dis-
abled.

The Channel Interrupt Status Register indicates the
channel source of a DMA chaining interrupt on
IRQ13. The CPU can read this register to determine
which channel asserted IRQ13 following a buffer ex-
piration.

The Chain Buffer Expiration Control Register is a
read only register that reflects the outcome after the
expiration of a chain buffer. If a channel bit is set to
0, IRQ13 will be activated following the buffer expira-
tion. If a channel bit is set to 1, EOP will be asserted
following the buffer expiration.

6.7.6 AUTOINITIALIZE

By programming a bit in the Mode register, a chan-
nel may be set up as an Autoinitialize channel. Dur-
ing Autoinitialize initialization, the original values of
the Current page, Current address and Current
Byte/Word Count registers are automatically re-
stored from the Base Address, and Word count
registers of that channel following TC. The Base reg-
isters are loaded simultaneously with the Current
registers by the microprocessor -and remain un-
changed throughout the DMA service. The mask bit
is not set when the channel is in Autoinitialize. Fol-
lowing Autoinitialize the channel is ready to perform
another DMA service, without CPU intervention, as

~soonasa valid DREQ is detected.
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NOTE:
Autoinitialize will not function if the channel is also
programmed for Scatter-Gather or buffer chaining.
Only one of these features should be enabled at a
time.

6.8 Software Commands

These are additional special software commands
which can be executed in the Program Condition.
They do not depend on any specific bit pattern on
the data bus. The three software commands are:

1. Byte Pointer Flip-Flop
2. Master Clear, and
3. Clear Mask Register.

6.8.1 CLEAR BYTE POINTER FLIP-FLOP

This command is executed prior to writing or reading
new address or word count information to the DMA.
This initializes the flip-flop to a known state so that
subsequent accesses to register contents by the mi-
croprocessor will address upper and lower bytes in
the correct sequence.
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When the CPU is reading or writing DMA registers,
two Byte Pointer Flip-Flops are used; one for Chan-
nels 0-3 and one for Channels 4-6. Both of these
act independently. There are separate software
commands for clearing each of them (0Ch for Chan-
nels 0-3, 0D8h for Channels 4-7).

An additional Byte Pointer Flip-Flop has been added
for use when EISA masters are reading and writing
DMA registers. (The arbiter state will be used to de-
termine the current master of the bus.) This Flip-Flop
is cleared when an EISA Master performs a write to
either 00Ch or 0D8h. There is one Byte Pointer Flip-
Flop per eight DMA channels. This Byte Pointer was
added to eliminate the problem of the CPU’s byte
pointer getting out of synchronization if an EISA
Master takes the bus during the CPU’s DMA pro-
gramming.

6.8.2 DMA MASTER CLEAR

This software instruction has the same effect as the
hardware Reset. The Command, Status, Request,
and Internal First/Last Flip-Flop registers are
cleared and the Mask register is set. The DMA Con-
troller will enter the idle cycle.

There are two independent Master Clear Com-
mands, 0Dh which acts on Channels 0-3, and O0DAh
which acts on Channels 4-6.

6.8.3 CLEAR MASK REGISTER

This command clears the mask bits of all four chan-
nels, enabling them to accept DMA requests. |/0
port 00Eh is used for Channels 0-3 and 1/O port
0ODCh is used for Channels 4-6.

6.9 Terminal Count/EOP Summary

This is a summary of the events that will happen as
a result of a terminal count or external EOP when
running DMA in various modes.
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Table 6-6. Terminal Count/ EOP'Summary Table

Conditions
AUTOINIT No Yes
Event
Word Counter Expired | Yes X Yes X
EOP Input X |Asserted| X | Asserted
Resuit
Status TC set set set set
Mask set set — —
SW Request clr cir clr clr
Current Register - — load| load
NOTES:
load = Load Current From Base
“—" = No Change
X = Don’t Care
clr = Clear

6.10 Buffer Chaining

The buffer chaining mode of a channel is useful for
transferring data from a peripheral to several differ-
ent areas of memory within one transfer operation
(from the DMA device’s viewpoint). This is accom-
plished by causing the DMA to interrupt the CPU for
more programming information while the previously
programmed transfer is still in progress. Upon com-
pletion of the previous transfer, the DMA controller
will then load the new transfer information automati-
cally. In this way, the entire transfer can be complet-
ed without interrupting the operation of the DMA de-
vice. This mode is most useful for DMA single-cycle
or demand modes where the transfer process allows
time for the CPU to execute the interrupt routine.

The buffer chaining mode of a channel may be en-
tered by programming the address and count of a
transfer as usual. After the initial address and count
is programmed, the Base registers are selected via
the Chaining Mode register Chaining Mode Enabled
bit. The address and count for the second transfer
and both the Chaining Mode Enabled and the Pro-
gram Complete bit of the Chaining Mode register
should be programmed at this point, before starting
the DMA process. When, during the DMA process,
the Current Buffer is expired, the Base address,
Page, and Count registers will be transferred to the
Current registers and a signal that the buffer has
been expired is sent to the programming master.
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This signal will be an IRQ13 if the master is the CPU,
or a TG if the programming master is an EISA Mas-
ter device. The type of programming master is indi-
cated.in the DMA’s Chaining Mode Register, Bit 4. If
the CPU is the programming master for the Channel,
TC will be generated only if the Current buffer ex-
pires and there is no Next Buffer stored in the Base
registers.

Upon the expiration of a Current Buffer, the new
Base register contents should be programmed and
both the Chaining Mode Enabled and Program com-

plete bits of the Chaining Mode register should be

set. This resets the interrupt, if the CPU was the
programming master, and allows for the next Base
register to Current register transfer. If the Program
Complete bit is not set before the current transfer
reaches TG, then the DMA controller will set the
Mask Bit and the TC bit in the Status register and
stop transferring data. In this case, an over-run is
likely to occur. To determine if this has, a read of
either Status register or the Mask register can be
done (the Mask register has been made readable). If
the channel is masked or has registered a TC, the
DMA channel has been stopped and the full ad-
dress, count, and chaining mode must be pro-
grammed to return to normal operation.

Note that if the CPU is the programming master, an
interrupt will only be generated if a Current Buffer
expires and chaining mode is enabled. It will not oc-
cur during initial programming. The Channel Interrupt
Status register will indicate pending interrupts only.
That is, it will indicate an empty Base register with
Chaining Mode enabled. When Chaining mode is en-
abled, only the Base registers are written by the
processor, and only the Current registers can be
read. The Current registers are only updated on a
TC.

6.11 Refresh Unit

The ESC provides an EISA Bus compatible refresh
unit that provides 14 bits of refresh address for
EISA/ISA bus DRAMS that do not-have their own
local refresh units. The. refresh system uses the
combined functions of the Interval Timers, the DMA
Arbiter, DMA address counter, and EISA Bus Con-
troller. Functionally the Refresh unit is a sub-section
of the ESC DMA unit. The DMA Address Counter is
used to increment the Refresh Address register fol-
iowing each refresh cycie. intervai Counter 1, Timer
1 generates an internal refresh request. The DMA
Arbiter detects a Refresh signal from either the
Counter/Timer or the REFRESH# input and deter-
mines when the refresh will be done. The DMA
drives the refresh address out onto the LA address
bus. The cycle is decoded and driven onto the EISA
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address bus by the EISA Bus Controller. The ESC
EISA Bus Controller is responsible for generating
the EISA cycle control signals. Timer 1 Counter 1
should be programmed to provide a refresh request
about every 15 us.

Requests for refresh cycles are generated by two
sources: the ESC (Timer 1 Counter 1), and 16-bit
masters that activate REFRESH# when they own
the EISA bus.

If a 16-bit ISA bus master holds the bus longer than
15 ps, it must initiate memory refresh cycles. If the
ISA Master initiates a Refresh cycle while it owns
the bus, it floats the address lines and cycle control
signals and asserts REFRESH# to the ESC. The
ESC EISA Bus Controller generates the cycle con-
trol signals and the ESC DMA Refresh unit supplies
the refresh address. The ISA Master must then wait
one BCLK after MRDC# is negated before floating
REFRESH# and driving the address lines and con-
trol signals.

Typically, the refresh cycle length is five BCLK's.
The I/0 slave can insert one wait state to extend the
cycle to six BCLK’s by asserting CHRDY. The ESC
EISA Bus Controller, upon seeing REFRESH#,
knows to run refresh cycles instead of DMA cycles.

7.0 EISA BUS ARBITRATION

The ESC receives requests for EISA Bus ownership
from several different sources; from DMA devices,
from the Refresh counter, from EISA masters and
from PCl agents. PCl agents requesting the EISA
Bus request the EISA Bus through the PCEB. Addi-
tionally, 16-bit ISA Masters may request the bus
through a cascaded DMA channel (see the Cascade
mode description in Section 6.2.4).

7.1 Arbitration Priority

At the top level of the arbiter, the ESC uses a three
way rotating priority arbitration method. On a fully
loaded bus, the order in which the devices are grant-
ed bus access is independent of the order in which
they assert a bus request, since devices are serv-
iced based on their position in the rotation. The arbi-
tration scheme assures that DMA channels and
EISA masters are able to access the bus with mini-

mal latanov
mas awency.

The PCEB and EISA Masters share one of the slots

in the three way rotating priority scheme. This shar-

ing is a two way rotation between the CPU and EISA
Masters as a group. In this arbitration scheme the
PCEB acts on behalf of the CPU and all other PCI
masters.
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EISA Masters have a rotating priority structure which
can handie up to eight master requests.

The next position in the top level arbiter is occupied
by the DMA. The DMA’s DREQ lines can be placed
in either fixed or rotating priority. The default mode is
fixed and by programming the DMA Command regis-
ters,. the priority can be modified to rotating priority
mode.

7.2 Preemption

An EISA compatible arbiter ensures that minimum
latencies are observed for both EISA DMA devices,
and EISA Masters.

7.2.1 PCEB EISA BUS ACQUISITION AND
PCEB PREEMPTION

EISA Bus arbitration is intended to be optimized for
CPU access the EISA bus. Since the CPU accesses
the EISA Bus through the PCEB, the PCEB is as-
sumed to be the default owner of the EISA bus. The
arbitration interface between the PCEB and the ESC
is implemented as a HOLD/HLDA (EISAHOLD/
EISAHLDA) pair.

If a PCI cycle requires access to the EISA Bus while
EISAHLDA signal is asserted (EISA Bus busy) the
PCl cycle is retried, and the PCEB requests the EISA
bus by asserting PEREQ#. The ESC after sampling
PEREQ# asserted preempts the current owner of
the EISA Bus. The ESC grants the EISA Bus to by
negating EISAHOLD signal.

The ESC asserts EISAHOLD to the PCEB when the
ESC needs to acquire the ownership of the EISA
bus. While EISAHOLD is asserted the arbitration
process is dynamic and may change i.e., the ESC is
still accepting EISA Bus requests. When the PCEB
returns EISAHLDA, the arbiter freezes the arbitration
process and determines the winner. If the new win-
ner is an EISA Master or DMA channel, the ESC will
assert NMFLUSH#. The ESC ftristates the
NMFLUSH# output driver on the following clock.
The PCEB holds NMFLUSH # asserted until all buff-
ers are flushed. After all buffers are flushed, the
PCEB negates NMFLUSH# and then tristate the
output buffer. After sampling NMFLUSH# negated,
the ESC resumes driving NMFLUSH# on the next
PCl clock. The way the ESC does not assert
MACK# or DACK# until the PCEB acknowledges
that all line buffers have been flushed.
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Figure 7-1. EISA Arbitration
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Figure 7-2. PCEB Preemption

7.22 EISA MASTER PREEMPTION -

EISA specification requires that EISA Masters must
release the bus within 64 BCLKs (8 us) after the
ESC negates MACKx#. If the bus master attempts
to start a new bus cycle after this timeout period, a
bus timeout (NMI) is generated and the RSTDRYV is
asserted to reset the offending bus master.

7.23 DMA PREEMPTION

A DMA slave device that is not programmed for
compatible timing is preempted from the EISA Bus
by another device that requests use of the bus. This
will occur regardless of the priority of the pending
request. For DMA devices not using compatible tim-
ing mode, the DMA controlier stops the DMA trans-
fer and releases the bus within 32 BCLK (4 us) of a
presmption request. Upon the expiration of the 4 us
timer, the DACK is negated after the current DMA
cycle has completed. The EISA Bus then arbitrated
for and granted to the highest priority requester. This
feature allows flexibility in programming the DM# for
long transfer sequences in a performance timing
mode while guaranteeing that vital system services
such as Refresh are allowed access to the expan-
sion bus.
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The 4 ps timer is not used in compatible timing
mode. It is only used for DMA channels programmed
for Type “A”, Type “B”, or Type “C” (Burst) timing. -
The 4 s timer is also not used for 16-bit ISA mas-
ters cascaded through the DMA DREQ lines.

If the DMA channel that was preempted by the 4 ps
timer is operating in Block mode, an internal bit will
be set so that the channel will be arbitrated for
again, independent of the state of DREQ.

7.3 . Slave Timeouts

A slave which does not release EXRDY or CHRDY
can cause the CMD# active time to exceed 256
BCLKs (32 ps). The ESC does not monitor EXRDY
or CHRDY for this timeout. Typically this function is
provided in a system through a third party add-in
card. The add-in cards which monitor EXRDY or
CHRDY assert IOCHK signal when the 256 BCLK
count expires. The ESC in response asserts NML.

The only way that a 16-bit ISA Master can be pre-
empted from the EISA bus is if it exceeds the 256
BCLK (32 ps) limit on CMD# active.
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7.4 Arbitration During Non-Maskable
Interrupts

If a non-maskable interrupt (NMI) is pending at the
PCEB, and the PCEB is requesting the bus, the DMA
and EISA Masters will be bypassed each time they
come up for rotation. This gives the PCEB the EISA
Bus bandwidth on behalf of the CPU to process the
interrupt as fast as possible.

8.0 INTERVAL TIMERS

The ESC contains five counter/timers that are
equivalent to those found in the 82C54 programma-
ble interval timer. The five counters are contained in
two separate ESC timer units, referred to as Timer 1
and Timer 2. The ESC uses the Timers to implement

key EISA system functions. Timer 1 contains three

counters, and Timer 2 contains two counters. EISA
systems do not use the middle counter on Timer 2.

Interval Timer 1, Counter 0 is connected to the inter-
rupt controller IRQO and provides a system timer in-
terrupt for a time-of-day, diskette time-out, or other
system timing functions. Counter 1 generates a re-
fresh-request signal and Counter 2 generates the
tone for the speaker.

Interval Timer 2, Counter 0 implements a fail safe
timer. Counter 0 generates NMI at regular intervals,
thus preventing the system from locking up. Counter
1 is not used. Counter 2 is used to slow down the
CPU by means of pulse-width modulation. The out-
put of Timer-2 Counter 2 is tied to the SLOWH#
- signal. . .

Table 8-1. Interval Timer Functions

Interval Timer Functions
Function | Counter 0 Counter 0
System Timer Fail-Safe Timer
Gate Always On Always On
ClockIn | 1.193 MHz (OSC/12) | 0.298 MHz (OSC/48)
Out INT-1 IRQO NMI Interrupt
Counter 1.
Refresh Request
Gate Always On
ClockIn | 1.193 MHz (0SC/12)
Out Refresh Request
Counter 2 Counter 2
Gate Programmable Refresh Request
) Port61h
ClockIn | 1.193 MHz (OSC/12) | 8 MHz (BCLK)
Out Speaker CPU Speed Control
(SLOWH #)

8.1 Interval Timer Address Map

The following table shows the 1/0 address map of
the interval timer counters:

Table 8-2. Interval Timer 1/0 Address Map

:\/(:L'::s: Register Description

040h Timer 1, System Timer (Counter 0)

041h Timer 1, Refresh Request
(Counter 1) _

042h Timer 1, Speaker Tone (Counter 2)

043h Timer 1, Control Word Register

048h Timer 2, Fail-Safe Timer (Counter 0)

049h Timer 2, Reserved

04Ah Timer 2, CPU Speed Control
(Counter 2)

04Bh Timer 2, Control Word Register

Timer 1—Counter 0, System Timer

This counter functions as the system timer by con-

“trolling the state of IRQ[0] and is typically pro-
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grammed for Mode 3 operation. The counter produc-
es a square wave with a period equal to the product
of the counter period (838 ns) and the initial count
value. The counter loads the initial count value one
counter period after software writes the count value
to the counter 1/0 address. The counter initially as-
serts IRQ[0] and decrements the count value by two
each counter period. The counter negates IRQ[0]
when the count value reaches 0. It then reloads the
initial count value and again decrements the initial
count value by two each counter period. The counter
then asserts IRQ[0] when the count value reaches
“0”, reloads the initial count value, and repeats the
cycle, aiternately asserting and negating IRQ[0].

Timer 1—Counter 1, Refresh Request Signal

This counter provides the Refresh Request signal
and is typically programmed for Mode 2 operation.
The counter negates Refresh Request for one coun-
ter period (833 ns) during each count cycle. The ini-
tial count value is loaded one counter period after
being written to the counter I/0 address. The coun-
ter initially asserts Refresh Request, and negates it
for 1 counter period when the count value reaches
1. The counter then asserts Refresh Request and
continues counting from the initial count value.
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Timer 1—Counter 2, Speaker Tone

This counter provides the speaker tone and is typi-
cally programmed for Mode 3 operation. The coun-
ter provides a speaker frequency equal to the coun-
ter clock frequency (1.193 MHz) divided by the initial
count value. The speaker must be enabled by a
write to port 061h (see Section 3.7 on the NMI
Status and Control ports).

Timer 2—Counter 0, Fail-Safe Timer

This counter functions as a fail-safe timer by pre-
venting the system from locking up. This counter
generates an interrupt on the NMI line as the count
expires by setting bit 7 on Port 0461. Software rou-
tines can avoid the Fail-Safe NMI by resetting the
counter before the timer count expires.

Timer 2—Cminter 2, CPU Speed Control

This counter generates the SLOWH# to the CPU
and is typically programmed for Mode 1 operation.
The counter is triggered by the refresh request sig-
nal generated by Timer 1—Counter 1 only. If the
counter is programmed, the counters SLOWH # out-
put will stop the CPU for the programmed period of
the one-shot every time a refresh request occurs.
This counter is not configured or programmed until a
speed reduction in the system is required.

8.2 Programming the Interval Timer

The counter/timers are programmed by I/0 access-
es and are addressed as though they are contained
in two separate 82C54 interval timers. Timer 1 con-
tains three counters and Timer 2 contains two coun-
ters. Each Timer is controlled by a separate Control
Word register.

The interval timer is an |/O-mapped device. Several
commands are available:

® The Control Word Command specnfues:A
—which counter to read or write
—the operating mode.
—the count format (binary or BCD)

The Counter Latch Command latches the current
count so that it can be read by the system. The
countdown process continues.

The Read Rack Command reads the count value,
programmed mode, the current state of the ouT

pins, and the state of the Null Count Flag of the
selected counter.
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The Read/Write Logic selects the Control Word reg-
ister during an 1/0 write when address lines A1, A0
= 11. This condition occurs during an /O write to
port addresses 043h and 04Bh, the addresses for
the Control Word Register on Timer 1 and Control
Word Register on Timer 2 respectively. If the CPU
writes to port 043h or port 04Bh, the data is stored in
the respective Control Word Register and is inter-
preted as a Control Word used to define the opera-
tion of the Counters.

The Control Word Regisier is write-only. Counter
Status information is available with the Read-Back

‘Command.

The following Table lists the six operating modes for
the interval counters. Section 8.4 describes each
mode’s function in detail.

Table 8-3. Counter Operating Modes
Mode

0

Function

Out signal on end of count (=0)

Hardware retriggerable one-shot

Rate generator (divide by n counter)

Square wave output

Software triggered strobe

AW =

Hardware triggered strobe

Because the timer counters wake up in an unknown
state after power up, multiple refresh requests may
be queued up. To avoid possible multiple refresh cy-
cles after power up, program the timer counter im-
mediately after power up.

Write Operations

Programming the interval timer is a simple process:
1. Write a control word.
2. Write an initial count for each counter.

3. Load the least and/or most significant bytes (as
_required by Control Word Bits 5, 4) of the 16-bit
counter.

The programming procedure for the ESC timer units
is very flexible. Only two conventions need to be
observed. First, for each Counter, the Control Word
must be written before the initial count is written.
Second, the initial count must follow the count for-
mat specified in the Control Word (least significant
byte only, most significant byte only, or least signifi-
cant byte and then most significant byte).
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Since the Control Word Register and the three
Counters have separate addresses (selected by the
A1, A0 inputs), and each Control Word specifies the
Counter it applies to (SC0, SC1 bits), no special in-
struction sequence is required. Any programming
sequence that follows the conventions above is ac-
ceptable.

A new initial count may be written to a Counter at
any time without affecting the Counter’'s pro-
grammed Mode in any way. Counting will be affected
as described in the Mode definitions. The new count
must follow the programmed count format.

If a Counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not transfer control between writing the first
and second byte to another routine which also writes
into that same Counter. Otherwise, the Counter will
be loaded with an incorrect count.

Interval Timer Control Word Format

The Control Word specifies the counter, the operat-
ing mode, the order and size of the COUNT value,
and whether it counts down in a 16-bit or binary-cod-
ed decimal (BCD) format. After writing the control
word, a new count may be written at any time. The
new value will take effect according to the pro-
grammed mode.

If a counter is programmed to read/write two-byte
counts, the following precaution applies: A program
must not transfer control between writing the first
and second byte to another routine which also writes
into that same counter. Otherwise, the counter will
be loaded with an incorrect count. The count must
always be completely loaded with both bytes.

Read Operations

It is often desirable to read the value of a Counter
without disturbing the count in progress. This is easi-
ly done in the ESC timer units.

There are three possible methods for reading the
counters: a simple read operation, the Counter
Latch Command, and the Read-Back Command.

Counter 1/0 Port Read

The first method is to perform a simple read opera-
tion. To read the Counter the CLK input of the se-
lected Counter must be inhibited by using either the
GATE input or external logic. Otherwise, the count
may be in the process of changing when it is read,
giving an undefined result. When reading the count
value directly, follow the format programmed in the
control register: read LSB, read MSB, or read LSB
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then MSB. Within the ESC timer unit, the GATE input
on Timer 1 Counter 0, Counter 1 and Timer 2 Coun-
ter 0 are tied high. Therefore, the direct register read
should not be used on these two counters. The
GATE input of Timer 1 Counter 2 is controlled
through 170 port 061h. If the GATE is disabled
through this register, direct 1/0 reads of port 042h
will return the current count value.

Counter Latch Command

The Counter Latch command latches the count at
the time the command is received. This command is
used to insure that the count read from the counter
is accurate (particularly when reading a two-byte
count). The count value is then read from each
counter’s Count register as was programmed by the
Control register.

The selected Counter’s output latch (OL) latches the
count at the time the Counter Latch Command is
received. This count is held in the latch until it is read
by the CPU (or until the Counter is reprogrammed).
The count is then unlatched automatically and the
OL returns to “following” the counting element (CE).
This allows reading the contents of the Counters
“on the fly” without affecting counting in progress.
Multiple Counter Latch Commands may be used to
latch more than one Counter. Each latched Coun-
ter's OL holds its count until it is read. Counter Latch
Commands do not affect the programmed Mode of
the Counter.in any way. The Counter Latch Com-
mand can be used for each counter in the ESC timer
unit.

If a Counter is latched and then, some time later,
latched again before the count is read, the second
Counter Latch Command is ignored. The count read
will be the count at the time the first Counter Latch
Command was issued.

With either method, the count must be read accord-
ing to the programmed format; specifically, if the
Counter is programmed for two byte counts, two
bytes must be read. The two bytes do not have to be
read one right after the other; read, write, or pro-
gramming operations for other Counters may be in-
serted between them.

Another feature of the ESC timer unit is that reads
and writes of the same Counter may be interleaved.
For example, if the Counter is programmed for two
byte counts, the following sequence is valid:

1. Read least significant byte.
2. Write new least significant byte.
3. Read most significant byte.
4. Write new most significant byte.
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One precaution is worth noting. If a Counter is pro-
grammed to read/write two-byte counts, a program
must not transfer control between reading the first
and second byte to another routine which also reads
from that same Counter. Otherwise, an incorrect
count will be read. '

Read Back Command

The third method uses the Read-Back command.
The Read-Back command is used to determine the
count value, programmed mode, and current states
of the OUT pin and Null Count flag of the selected
counter or counters. The Read-Back command is
written to the Control Word register, which causes
the current states of the above mentioned variables
to be latched. The value of the counter and its status
may then be read by 1/0 access to the counter ad-
dress.

The read-back command may be used to latch multi-
ple counter output latches (OL) by setting the
COUNT# bit D5 = 0 and selecting the desired
counter(s). This single command is functionally
- equivalent to several counter latch commands, one
for each counter latched. .Each counter’s latched
count is held until it is read (or the counter is repro-
grammed). Once read, a counter is automatically un-
latched. The other counters remain latched until
they are read. If multiple count read-back commands
are issued to the same counter without reading the
count, all but the first are ignored; i.e., the count
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which will be read is the count at the time the first
read-back command was issued.

The read-back command may also be used to latch
status .information of selected counter(s) by setting
STATUS# bit D4 = 0. Status must be latched to be
read. The status of a counter is accessed by a read
from that counter’s 1/0 port address.

If multiple counter status latch operations are per-
formed without reading the status, all but the first are
ignored. The status returned from the read is the
counter status at the time the first status read-back
command was issued.

Both count and status of the selected counter(s)
may be latched simultaneously by setting both the
COUNT# and STATUS# bits [5:4] = 00b. This is
functionally the same as issuing two consecutive,
separate read-back commands. The above discus-
sions apply here also. Specifically, if multiple count
and/or status read-back commands are issued to
the same counter(s) without any intervening reads,
all but the first are ignored.

If both count and status of a counter are latched, the
first read operation from that counter will return the
latched status, regardless of which was latched first.
The next one or two reads (depending on whether
the counter is programmed for one or two type
counts) return the latched count. Subsequent reads
return unlatched count.
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9.0 INTERRUPT CONTROLLER

The ESC provides an EISA compatible interrupt con-
troller which incorporates the functionality of two
82C59 interrupt controllers. The two controllers are
cascaded so that 14 external and two internal inter-
rupts are possible. The master interrupt controller
provides IRQ [7:0] and the slave interrupt controller
provides IRQ [15:8] (see Figure 9-1). The two inter-
nal interrupts are used for internal functions only and
are not available at the chip periphery. IRQ2 is used
to cascade the two controllers together and IRQO is
used as a system timer interrupt and is tied to Inter-

val Timer 1, Counter 0. The remaining 14 interrupt
lines (IRQ1, IRQ3-IRQ15) are available for external
system interrupts. Edge or level sense selection is
programmable on a by-controller basis.

The Interrupt Controller consists of two separate
82C59 cores. Interrupt Controller 1 (CNTRL-1) and
Interrupt Controller 2 (CNTRL-2) are initialized sepa-
rately, and can be programmed to operate in differ-
ent modes. The default settings are: 80x86 Mode,
Edge Sensitive (IRQ0-15) Detection, Normal EOI,
Non-Buffered Mode, Special Fully Nested Mode dis-
abled, and Cascade Mode. CNTRL-1 is connected
as the Master interrupt Controller and CNTRL-2 is
connected as the Slave Interrupt Controller.

Timer 1 Counter 0 >0
IRQ1 E ; 82C59 (INTR)
i !
IRQ3 >3 ORE ———»INT
IRQ4 > 4
IRQS i« CONTROLLER 1 (10 CPU)
IRQs >16 (MASTER)
IRQ7 > 7 '
IRQ8# o#
IRQ9 > 1 82C59
IRQ10 >2 CORE
IRQ11 >{3
IRQ12 or ABFULL >4 CONTROLLER 2 (INTR)
IRQ13 or FERR# >15
IRQ14 >(6 (SLAVE)
IRQ15 > 7
290476-82

Figure 9-1. Block Diagram of The Interrupt Controller
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The following Table lists the 1/0 port address map Table 9-2. Typical Interrupt Functions
for the interrupt registers: :
) : Typical
Table 9-1. 1/0 Address Map Priority | Label | Controller Interrupt
3 Source
I 170 # of Regi -
nterrupts | , ydress | Bits egister 1 | IRQO 1| Interval Timer 1,
o Counter 0 OUT
IRQ{7:0] 0020h 8 | CNTRL-1 Control
Register 2 IRQ1 1 Keyboard
IRQ{7:0] | 0021h 8 | CNTRL-1 Mask 3-10 [IRQ2 | 1 Interrupt from
. Register Controller 2
IRQ[7:0] | 04DOh | 8 | CNTRL-1Edge/ 3 | IRQs# 2 Real Time Clock
’ Level Control 4 | IRQ9 2’ Expansion Bus Pin
Register BO4
IRQ[15:8] 00AOh 8 CNTRL-Z Control 5 IRQ10 2 Expansion Bus Pin
Register - D03
|RQ[1 5!8] 00Ath 8 CNTRL-Z Mask 6 IRQ11 2 Expansion Bus Pin
: Register ) D04
IRQ[15:8} 04D1h 8 CNTRL-2 Edge/ 7 IRQ12 2 Expansion Bus Pin
Level Control ' D05
Register :
8 IRQ13 2 Coprocessor Error,
. Chaining
IRQO, and IRQ2 are connected to the interrupt con- —
trollers internally. The other interrupts are always 9 IRQ14 2 Fixed Disk Drive
generated externally. IRQ12 and IRQ13 may be gen- Controlier
erated internally through the ABFULL and FERR # Expansion Bus Pin
signals. respectively. Do7
10 IRQ15 2 Expansion Bus Pin
Do6
1 IRQ3 1 Serial Port 2,
. Expansion Bus
B25
12 IRQ4 1 Serial Port 1,
Expansion Bus
B24
13 IRQS5 1 Parallel Port 2,
: Expansion Bus
B23
14 | IRQ6 1 Diskette Controlier,
Expansion Bus
B22
15 IRQ7 1 Parallel Port 1,
Expansion Bus
B21
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9.1 Interrupt Controller Internal
Registers

Several registers are contained internally within
each 82C59. The interrupts at the IRQ input lines are
handled by two registers in cascade, the Interrupt
Request Register (IRR) and the In-Service Register
(ISR). The IRR is used to store all the interrupt levels
which are requesting service and the ISR is used to
store all the interrupt levels which are being serv-
iced.

Internal circuitry determines the priorities of the bits
set in the IRR. The highest priority is selected and
strobed into the corresponding bit of the ISR during
Interrupt Acknowledge Cycles.

The Interrupt Mask Register (IMR) stores the bits
which mask the incoming interrupt lines. The IMR

. operates on the IRR. Masking of a higher priority
input will not affect the interrupt request lines of low-
er priority inputs.

9.2 Interrupt Sequence

The powerful features of the Interrupt Controller in a
microcomputer system are its programmability and
the interrupt routine addressing capability. The latter
allows direct or indirect jumping to the specific inter-
rupt routine requested without any polling of the in-
terrupting devices. The following shows the interrupt
sequence for an x86 type system (the 8080 mode of
the interrupt controller must never be selected when
programming the ESC). '

Note that externally, the interrupt acknowledge cycle
sequence appears different than in a traditional dis-
crete 82C59 implementation. However, the tradition-
al interrupt acknowledge sequence is generated
within the ESC and it is an EISA compatible imple-
mentation.

1. One or more of the Interrupt Request (IRQIx])
lines are raised high, setting the corresponding
IRR bit(s).

. The Interrupt Controller evaluates these re-
quests, and sends anINT to the CPU, if appropri-
ate.

. The CPU acknowledges the INT and responds
with an interrupt acknowledge cycle. This cycle is
translated into a PCl bus command. This PCl
command is broadcast over the PCI bus as a sin-
gle cycle as opposed to the two cycle method
typically used.

. Upon receiving an interrupt acknowledge cycle
from the CPU over the PCI, the PCEB converts
the single cycle into an INTA# pulse to the ESC.
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The ESC uses the INTA# puise to generate the
two cycles that the internal 8259 pair can re-
spond to with the expected interrupt vector. The
cycle conversion is performed by a functional
block in the ESC Interrupt Controller Unit. The
internally generated interrupt acknowledge cycle
is completed as soon as possible as the PCl bus
is held in wait states until the interrupt vector data
is returned. Each cycle appears as an interrupt
acknowledge pulse on the INTA# pin of the cas-
caded interrupt controllers. These two pulses are
not observable at the ESC periphery.

. Upon receiving the first internally generated inter-
rupt acknowledge, the highest priority ISR bit is
set and the corresponding IRR bit is reset. The
Interrupt Controller does not drive the Data Bus
during this cycle. On the trailing edge of the first
cycle pulse, a slave identification code is broad-
cast by the master to the slave on a private, inter-
nal three bit wide bus. The slave controller uses

- these bits to determine if it must respond with an

interrupt vector during the second INTA# cycle.

. Upon receiving the second internally generated
interrupt acknowledge, the Interrupt Controller re-
leases an 8-bit pointer (the interrupt vector) onto
the Data Bus where it is read by the CPU.

. This completes the interrupt cycle. In the AEQI
mode the ISR bit is reset at the end of the sec-
ond interrupt acknowledge cycle pulse. Other-
wise, the ISR bit remains set until an appropriate
EOI command is issued at the end of the inter-
rupt subroutine.

If no interrupt request is present at step four of either
sequence (i.e., the request was too short in duration)
the Interrupt Controller will issue an interrupt level 7.

9.3 80x86 Mode

When initializing the control registers of the 82C59,
an option exists in Initialization Control Word Four
(ICW4) to select either an 80x86 or an MSC-85 mi-
croprocessor based system. The interrupt acknowl-
edge cycle is different in an MSC-85 based system
than in the 80x86 based system: the interrupt ac-
knowledge takes three INTA# pulses with the MSC-
85, rather than the two pulses with the 80x86. The
ESC is used only in an 80x86 based system. You
must program each interrupt controller’s ICW4 bit-0
to a “1” to indicate that the interrupt controller is
operating in an 80x86 based system. This setting
ensures proper operation during an interrupt ac-
knowledge.
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9.4 ESC Interrupt Acknowledge Cycle

As discussed, the CPU generates an interrupt ac-
knowledge cycle that is translated into a single PCI
command and broadcast across the PCl bus to the
PCEB. The PCEB pulses the INTA# signal to the
ESC. The ESC Interrupt Unit translates the INTA#
signal into the two INTA# pulses expected by the
interrupt controller subsystem. The Interrupt Control-
ler uses the first interrupt acknowledge cycle to in-
ternally freeze the state of the interrupts for priority
resolution. The first controller (CNTRL-1), as a mas-
ter, issues a three bit interrupt code on the cascade
lines to CNTRL-2 (internal to the ESC) at the end of
the INTA# pulse. On this first cycle the interrupt

controller block does not issue any data to the proc- -

essor and leaves its data bus buffers disabled.
CNTRL-2 decodes the information on the cascade
lines, compares the code to the byte stored in Initial-
ization Command Word Three (ICW3), and deter-
mines if it will have to broadcast the interrupt vector
during the second interrupt acknowledge cycle. On
the second interrupt acknowledge cycle, the master
(CNTRL-1) or slave (CNTRL-2), will send a byte of
data to the processor with the acknowledged inter-
rupt code composed as follows:

Table 9-3. Content of Interrupt Vector
Byte for 80x86 System Mode

D7|D6 (D5 D4 | D3{D2|D1| DO
IRQ7,15 | T7 | T6 | TS| T4 (T3 | 1 [ 1 | 1
IRQ6,14 [ T7 | T6 |T6 (T4 |T3| 1 1| O
IRQ5,13 | T7 | T6 | T5 T4{T3| 1[0 |1
IRQ4,12(T7 | T6 | T5|T4|T3| 1 { O | O
IRQ3,11 | T7 | T6 | TS| T4 |T3| 0 ] 1| T
IRQ2,10 [ T7 | T6 | T5 | T4 T3| 0 | 1 | O
IRQ1,9 [T7|T6|T5|(T4|T3| 0| 0 | 1
IRQ0,8 [T7|T6|T5|(T4|T3| 0| 0| O
NOTE:

T7-T3 represent the interrupt vector address (refer to Sec-
tion 3.7, ICW2 register description).

The byte of data released by the interrupt unit onto
the data bus is referred to as the “interrupt vector”.
The format for this data.is illustrated on a per-inter-
rupt basis in Table 9-3.

9.5 Programming the Interrupt
Controller

The Interrupt Controller accepts two types of com-
mand words generated by the CPU or bus master:
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1. Initialization Command Words (ICWs): Before
normal operation can begin, each Interrupt Control-
ler in the system must be initialized. In.the 82C59,
this is a two to four byte sequence. However, for the
ESC, each controller must be initialized with a four
byte sequence. This four byte sequence is required
to configure the interrupt controller correctly for the
ESC implementation. This implementation is EISA-
compatible.

The four initialization command words are referred
to by their acronyms: ICW1, ICW2, ICW3, and ICW4.

The base address for each i'nterrupt controller is a
fixed location in the 1/0 memory space, at 0020h for
CNTRL-1 and at 00AOh for CNTRL-2.

An 1/0 write to the CNTRL-1 or CNTRL-2 base ad-
dress with data bit 4 equal to 1 is interpreted as
ICW1. For ESC-based EISA systems, three I/O
writes to “base address + 1” (021h for CNTRL-1
and 0AOh for CNTRL-2) must follow the ICW1. The
first write to “base address + 1” (021h/0AOh) per-
forms ICW2, the second write performs ICW3, and
the third write performs ICW4.

ICW1 starts the initialization sequence during which
the following automatically occur:

1. Following initialization, an interrupt request (IRQ)
input must make a low-to-high transition to gener-
ate an interrupt.

. The Interrupt Mask Register is cleared.
. IRQ7 input is assigned priority 7.
. The slave mode address is set to 7.

. Special Mask Mode is cleared and Status Read is
set to IRR.

(S I N s B\ )

ICW2 is programmed to provide bits [7:3] of the in-
terrupt vector that will be released onto the data bus
by the interrupt controller during an interrupt ac-
knowledge. A different base [7:3] is selected for
each interrupt controller. Suggested values for a typ-
ical EISA system are listed in Table 9-4.

ICW3 is programmed differently for CNTRL-1 and
CNTRL-2, and has a different meaning for each con-
troller.

For CNTRL-1, the master controller, ICW3 is used to
indicate which IRQx input line is used to cascade
CNTRL-2, the slave controller. Within the ESC inter-
rupt unit, IRQ2 on CNTRL-1 is used to cascade the
INT output of CNTRL-2. Consequently, bit-2 of ICW3
on CNTRL-1 is set to a 1, and the other bits are set
to 0’s.
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For CNTRL-2, ICW3 is the slave identification code
used during an interrupt acknowledge cycle.
CNTRL-1 broadcasts a code to CNTRL-2 over three
internal cascade lines if an IRQ[x] line from CNTRL-
2 won the priority arbitration on the master controller
and was granted an interrupt acknowledge by the
CPU. CNTRL-2 compares this identification code to
the value stored in ICW3, and if the code is equal to
bits [2:0] of ICW3, CNTRL-2 assumes responsibility
for broadcasting the interrupt vector during the sec-
ond interrupt acknowledge cycle pulse.

ICW4 must be programmed on both controllers. At
the very least, bit 0 must be set to a 1 to indicate that
the controllers are operating in an 80x86 system.

2. Operation Command Words (OCWSs): These
are the command words which dynamically repro-
- gram the Interrupt Controller to operate in various
interrupt modes.

Any interrupt lines can be masked by writing an
OCWI1. A 1 written in any bit of this command word
will mask incoming interrupt requests on the corre-
sponding IRQx line.

OCW2 is used to control the rotation of interrupt pri-
orities when operating in the rotating priority mode
and to control the End of Interrupt (EOI) function of
the controller.

OCW3 is used to set up reads of the ISR and IRR, to
enable <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>