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Data Sheet and Device Status Definitions

Status in Data Sheet Footer

Device Status

Definition

ADVANCED INFORMATION Initial Production | This data sheet contains information prior to

AND DATE device characterization. Western Digital Cor-
poration reserves the right to change specifica-
tions at any time without notice in order to im-
prove overall design and operation.

DATE Full Production This data sheet contains final specifications.

The information has been updated and publish-
ed as of the date indicated. Western Digital
Corporation reserves the right to change
specifications at any time without notice in
order to improve overall design and operation.
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WESTERN DIGITAL'S INTERARCHITECTURE

Western Digital’s Interarchitecture

Western Digital designs and manufactures a full
range of VLS| (very large-scale integration)
products that control the fundamental functions of
computing: storage control, video, data com-
munications, and systems logic. This diverse
technical expertise enables Western Digital to
design all components from a systems perspec-
tive. And through the Interarchitecture™ products
that result from that design process, the company
can provide a level of compatibility and perfor-
mance that other companies can't.

Interarchitecture is not limited to devices only, but
extends to drives as well. Western Digital employs
this process extensively in designing drives; the
controller and drive electronics are designed
together to produce an intelligent drive of incom-
parable performance and reliability. And when, for
example, Western Digital's Caviar or Piranha
drives are paired with Western Digital's 7600 core
logic, the result is even greater performance char-
acteristics and guaranteed compatibility.

Interarchitecture is the process whereby devices
are developed ‘"inter"dependently, that is the
designer of the core logic, for example, works with
the designer of the video device. This interaction
produces device solutions that work together bet-
ter, resulting in matched chip sets with unmatched
performance.

The Advantages Of Interarchitecture
Through its Interarchitecture products -- complete
platform solutions designed in concert exclusively
by Western Digital -- you can realize a number of
significant advantages:

» Accelerated Time To Market
Using Western Digital's Interarchitecture
products will reduce your research and design
cycle, allowing you to get your product to
market faster.

- Cost-Effective Solutions

The inherent qualities of Western Digital’'s In-
terarchitecture products will enable you to
design and manufacture your products more
cost effectively. Your designers can increase
system functionality while simplifying system
integration, and by providing full functionality
in fewer chips, these solutions will reduce
manufacturing, test and maintenance costs.

« Increased Design And System

Flexibility

Interarchitecture products give your systems
designers more platform and application
choices and more ways to solve specific
design problems. Using the same set of chips,
designers can upgrade or downgrade their
systems utilizing different processors (e.g.:
80286 or 80386SX) and implement a variety
of systems software (UNIX, OS/2, DOS).

- Optimized Performance
Western Digital designs its Interarchitecture
chips together, that is, the core logic was
developed with the video, etc. Accordingly,
when all these pieces are implemented as a
total solution, speed enhancements for certain
applications can be achieved.

» Improved Reliability And Com-
patibility
The process of co-designing across an entire
product line increases overall product
reliability.

Western Digital guarantees the compatibility of
one of its devices to another, and when used in
conjunction, Interarchitecture products can help
ensure overall system compatibility.




WESTERN DIGITAL’S INTERARCHITECTURE

Interarchitecture Solutions For Desktop
And Laptop Systems

WD7600 System Chipset for 80286 or 80386SX desktop systems

Components:

WD76C10 single-chip core logic

* memory control, CPU control, DMA
interrupts, buffers

* AT-bus control up to 25 MHz
* 1.25 micron CMOS design
* 80286 or 80386SX interface

WD76C20 single-chip storage

* floppy control, IDE control, real-time clock,
CMOS RAM, chip select decodes

* 1.25 micron CMOS design
» data transfer in DMA or non-DMA modes
* chip select logic generation

WD76C30 single-chip data communications

* serial/parallel I/O control, programmable
coprocessor clock, floppy frequency
generator, keyboard clock, baud rate
generator, AT-bus clock, interrupt multiplexor

* 1.25 micron CMOS design

* FIFO port operation

WD90C11 (PVGA1C) single chip video
* fully integrated VGA video control
» optional video RAMDAC and video clock
* 8514/A video option

WD90C61 -- video graphics array clock
(PCLK2)

Western Digital Interachitecture
Intelligent Drives*

Caviar  Drives:
* one-inch, 42- and 85-Mbyte formatted
capacities, 18 milliseconds
« CacheFlow™, adaptive segmented cache
» Automatic head parking, advanced defect

management and embedded sector servo
control

Piranha" Drives:
* 3.5-inch, 106- and 212-Mbyte formatted
capacities, 16 milliseconds
* CacheFlow, adaptive segmented cache
* Automatic head parking, advanced defect

management and embedded sector servo
control

* For more information on Western Digital’s intel-
ligent drives, call 1-800-832-4778 in the US, or
1-800-448-8470 in Canada.
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WESTERN DIGITAL'S INTERARCHITECTURE

WD7600LP System Chipset for 80286 or 80386SX portable systems

Components:

WD76C10LP single-chip core logic

* memory control, CPU control, DMA
interrupts, buffers

* special sleep, speed-up modes

* extensive set of power management
features

* AT-bus control up to 12.5 MHz

WD76C20 single-chip storage

* floppy control, IDE control, real-time clock,
CMOS RAM, chip select decodes

* 1.25 micron CMOS design
* data transfer in DMA or non-DMA
* chip select logic generation

WD76C30 single-chip data communications

* serial/parallel I/O control, programmable
coprocessor clock, floppy frequency
generator, keyboard clock, baud rate
generator, AT-bus clock, interrupt multiplexor

* 1.25 micron CMOS design

" FIFO port operation

WD90C20 (PVGA1F) single-chip video
 full VGA video support with laptop RAMDAC
» optional video clock
* supports 32-color, gray-scale palette

WD90C61 -- video graphics array clock
(PCLK2)

Western Digital Interarchitecture
Intelligent Drives*

AB130 Piranha Drive:
* 2.5-inch, 0.6 inches high
» 31.5 Mbyte formatted capacity
* 19 milliseconds average seek time

* CacheFlow multi-segmented, adaptive
cache

* 6 power-management modes

AH260 Hornet Drive:
* 2.5-inch, 0.75 inches high
* 62.9 Mbyte formatted capacity
* 19 milliseconds average seek time

* CacheFlow multi-segmented, adaptive
cache

* 6 power-management modes

* For more information on Western Digital’s intel-
ligent drives, call 1-800-832-4778 in the US, or
1-800-448-8470 in Canada.
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WESTERN DIGITAL QUALITY

Western Digital Quality
Customer Satisfaction Through Relentless Improvement

From its manufacturing, assembly and test
facilities throughout the world, Western Digital is
committed to producing the highest quality semi-
conductor, board-level and intelligent disk drive
products in the world.

The company’s goal is to continually improve the
reliability of those products through the implemen-
tation of a variety of quality programs, utilization of
the most advanced evaluation and analysis tools
and the execution of an extensive set of qualifica-
tion and testing procedures.

Western Digital can deliver unique customer ad-
vantages due to the vertically integrated structure
of the company, whereby it designs, develops,
manufactures, tests and markets all of its
products. Accordingly, Western Digital can ensure
that the quality and reliability of its designs are
translated into products of similar quality for the
end user.

Quality starts with employees at Western Digital.
Employees undergo thorough training to ensure
the most technically-advanced workforce, and
those employees then work closely with upper
management through customer satisfaction com-
mittees, steering committees and executive
partnerships to solve problems.

The company then implements its "total quality
management” program for every chip, board and

drive product. That program begins with a com-
plete quality evaluation of the materials used to
make products. Materials must pass a full comple-
ment of inspections and audits, and vendors are
constantly measured and re-qualified.

An exhaustive product evaluation program is then
executed, encompassing a complete battery of
characterization and functionality tests from en-
gineering prototypes through unlimited production.
An additional set of tests are conducted at the
manufacturing phase, with special attention paid
to the environmental factors that can adversely
affect product quality.

Western Digital’s quality process doesn’t end after
a product is manufactured. The company con-
stantly works to reduce cycle time; it is continually
evaluating its certified vendors, while achieving
certification by its own customers; and it is always
striving for superior customer service and techni-
cal support through programs such as its "cus-
tomer quality alert" program, through which cus-
tomer quality issues are addressed in less than
48 hours.

From raw materials to finished product, Western .
Digital is dedicated to quality and to guaranteeing
that the result of its design and manufacturing ef-
forts is the most reliable product attainable.

 Xii
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INTRODUCTION FE3001
1.0 INTRODUCTION

1.1 DESCRIPTION 1.2 FEATURES

The FE3001 contains all of the clock generation *  Programmable CPU and DMA clock

and cycle control logic necessary to implement generator

an IBM AT compatible computer. Itis part of the . System clock generator

FE3600 chip set intended to simplify the design

of 80286 based AT computers.

Its features include programmable CPU and DMA

clock generation, system clock generation,

programmable bus timing, programmable wait
state generator, refresh and DMA controls, bus ar-

bitration logic, NMI generator and parity error

logic, reset/shutdown control, sleep mode, and
80286 interface logic and packaged in an 84-pin

»  Programmable bus timing

Programmable wait state generator
Refresh and DMA controls

Bus arbitration logic

NMI generator and Parity error logic
Reset/shutdown control

Sleep mode

PLCC. « 80286 interface logic
* 1.25 micron HCMOS technology
+  84-Pin PLCC
CPU CONTROL FE3001
CPU CONTROL INTERNAL CONTROL
| AT ADDRESS BUS
FE 3021
ADDRESS BUFFER AT BUS CONTROL
MEMORY
CONTROLLER RAM
ADDRESS
80286 ADDRESS o P(gg:\ll
DRAM ]
DATA
FE 3010 INTERRUPTS & DMA
PERIPHERAL
CONTROL
80287
RAM DATA
FE 3031 .-
» AT DATA BUS
DATA BUFFERS E DATA
[
KEYBOARD REAL TIME
MOUSE CLOCK

FIGURE 1-1. FE3600 CHIP SET FUNCTIONAL BLOCK DIAGRAM

Z
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CLK16 PROCLK
DMACLK
CLKHS CLOCK EADRO/PCLK, PCLK
CONTROL SYSCLK
CLK14 TMRCLK
CLK287
AEN DMARDY T YIOR
DMA T YIOW
DMAMR CONTROL DLY'D DMAMR
- ] _ YMEMR
REFRESH —
— ] YMEMW
MNIO COMMAND ——
s CONTROL ALE
0 — BALE
S0 —
— INTA
BHE ADRO HLDA ——
_AEN AO/BHE —_ONBRD__ ACK
INTA _
SCYCLE ABHE
ADRO DTR
BHE SDTR
RESCPU ﬁ 10CS16 DENO
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FIGURE 1-2. FE3001 BLOCK DIAGRAM
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FIGURE 1-3. FE3001 PIN ASSIGNMENTS
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FE3001 INTRODUCTION
PIN# | SIGNAL TYPE DESCRIPTION
1 CLKHS | High speed clock input. This provides the high speed clock when
selected. When CLK16 (pin 84) is pulled high, this input (divided
by two) is used as the low speed clock.
2 Vss1 Ground.
3 RESET (0] Reset to the system.
4 ONBRDL O ONBRD input latched by ALE internally.Follows ONBRD when
HLDA high.
5 CPURES O Reset to 80286.
6 RTCALE O Real Time Clock Address Latch Enable (/O address 70H).
7 HOLDRQ 0] Hold request to 80286 for DMA or Refresh.
8 ERFSH ) Enable refresh address signal to FE3010. Puts refresh address on
address bus.
9 HLDAA1 (0] DMA hold acknowledge signal to FE3010. Not active during
refresh.
10 INTA (0] Interrupt acknowledge to FE3010.
11 RST287 O Reset to 80287 (Write to I/O address F1H or system reset).
12 Vss2 Ground.
13 BZ286 O 8_028"/ busy signal to 80286. Latched low by 80287 ERROR
signal.
14 IRQ13 (0] Interrupt request 13 for 80287 error to FE3010.
15 NMI (0] Non-Maskable Interrupt to 80286.
Generated in response to a parity error or bus IOCHCK.
16 NPCS (0] 8'_953')/ Co-processor chip select. (I/O Addresses F8H, FAH and
17 EADRO/PCLK 0] Tristate output to AT bus SAO & 7.16 MHz clock for keyboard
controller.
18 PCLK o Inverted PCLK.
19 VbD1 +5V Vpp.
20 TMRCLK (0] 1.19 MHz timer clock to FE3010.
21 DMACLK O Software selectable clock for DMA to FE3010.
22 SYSCLK (o] System clock needed for bus timing.
See description in synchronization section.
23 Vss3 Ground.
24 PROCLK (0] Software selectable 80286 clock.
25 ALE (0] Local Address Latch Enable.
26 BALE 0] Bus Address Latch Enable. (Programmable)
27 CLK287 (0] Clock for 80287. See clock section for details.
28 DTR (0] Data direction to FE3031 data buffer.
29 DENO 0] Low byte PC/AT Bus data enable to FE3031 data buffer.
30 DEN1 O | High byte PC/AT Bus data enable to FE3031 data buffer.
31 SDTR ¢} PC/AT Bus byte swap direction to FE3031 data buffer.
32 SDEN 0 PC/AT Bus byte swap enable to FE3031 data buffer.
33 SCYCLE (0] Latch low byte during byte swap read.
TABLE 1-1. SIGNAL DESCRIPTIONS
1-4 ADVANCE INFORMATION 11/20/90
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PIN SIGNAL TYPE DESCRIPTION

33 SCYCLE 0] Latch low byte during byte swap read.

34 ACK 0] DMA or Refresh Acknowledge signal to the PC/AT bus.

35 READY O Ready to 80286.

36 DMARDY 0] When high allows FE3010 to complete a DMA cycle.

37 ABHE (0] High byte enable for devices on local bus.

38 Vssa Ground.

39 REFRESH I/0 | Refresh cycle. Generated from FE3010 timer signal OUT1
or externally from the bus.

40 DLYWR I/0 | YIOW delayed to the FE3010, active edge delayed one PROCLK.
Input from FE3010 during DMA to generate YIOW.

41 YMEMR /O | Memory read. Input during Master cycle.

42 YMEMW I/0 | Memory write. Input during HLDA cycle.

43 YIOR I/O | I/Oread. Input during HLDA cycle.

44 Vsss Ground.

45 YIOW /O | /O write. Input during Master cycle.

46 EBHE I/O | High byte enable to expansion bus. Input during Master cycle.

47 ADRO I/0 Low byte enable. Latched with ALE during a CPU cycle, driven low
during 16-Bit DMA cycles.

48 BHE /O | High byte enable from the 80286. Output during MASTER
and DMA cycles for use by the FE3021.

49 D6 I/0 Peripheral data bus bit 6.

50 D7 I/0 Peripheral data bus bit 7.

51 Vpp2 +5V Vpp.

52 D2 | Peripheral data bus bit 2.

53 D3 I Peripheral data bus bit 3.

54 DMAMR | DMA memory read from DMA controller.

55 RESIN | System reset input.

56 RESCPU | CPU reset input from keyboard controller.

57 MEMCS16 | Signals 16 bit memory transfer capability on the PC/AT bus.

58 I0CS16 | Signals 16 bit I/O transfer capability on the PC/AT bus.

59 ZEROWS | cZjero.lwait state bus cycle request. See description for more

etails.

60 ONBRD | 16 bit on-board DRAM memory, BIOS, or I/0O device. Implies
local memory on memory cycles and fast 1/0 bus timing for I/O
cycles.

61 MASTER | Master on PC/AT bus has control of the bus when asserted.

62 IOCHRDY | Current bus cycle may complete when high. May be used
to extend CPU, DMA, or refresh cycles.

63 BUSY I 80287 co-processor busy.

64 ERROR | Error from 80287.

65 Vsse Ground.

66 HRQ1 - | Hold request from DMA controller in FE3010.

TABLE 1-1. SIGNAL DESCRIPTIONS, Continued
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PIN

SIGNAL TYPE DESCRIPTION

67 OUTH | Refresh timer input from FE3010.

68 HLDA | Hold acknowledge from 80286.

69 AO | Local 80286 address bus 0.

70 A1 | Local 80286 address bus 1.

71 A3 | Local 80286 address bus 3.

72 CS287 I 80287 select decode from FE3021 (OEQH - OFFH).

73 PTYERR | On-board RAM _parity error. Sampled on the first falling edge of
PROCLK after YMEMR goes high.

74 VbD3 +5 V Vpp.

75 IOCHCK | Error from PC/AT bus.

76 NMICS | NMI port enable decode (07XH). Also used for programming
bus control registers.

77 PBCS | Port B chip select decode (061H - 06FH, ODD). See register
description for decode definitions.

78 AEN | DMA cycle enable from FE3010.

79 DACK2 I 16 bit DMA acknowledge from FE3010.

80 M/ 10 | 80286 memory/lO select. High indicates memory halt, or shut-
down cycles. Low indicates I/O or interrupt acknowledge cycles.

81 S1 | 80286 Status 1.

82 SO | 80286 Status 0.

83 CLK14 I 14.318 MHz clock input used to derive TMRCLK, EADRO/PCLK,
and PCLK.

84 CLK16 | 16 MHz clock input. This provides the low speed CPU clock for 8
MHz operation. When this pin is pulled high, CLKHS =+ 2 is used
as the low speed clock.

TABLE 1-1. SIGNAL DESCRIPTIONS, Continued
1-6
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FUNCTIONAL DESCRIPTION

2.0 FUNCTIONAL DESCRIPTION

21 OVERVIEW

The FE3001 is designed to run with the FE3010
peripheral controller, and the FE3021 and
FE3031 buffers/memory controls to create a 16
MHz or 20 MHz PC/AT compatible system. The
basic architecture of an AT compatible system
using the FE3600B chip set involves putting the
system DRAM on the local data and command
bus, allowing high speed access. The BIOS ROM
can be put on the local bus or expansion bus; the
FE3021 has provisions especially to use the
ROM on the higher speed bus. During accesses
to local memory, the data buffer controls in the
FE3001A prevent data collisions between the
local and expansion buses. The FE3021 and
FE3031 also inhibit memory read and write sig-
nals to the expansion bus for local memory ac-
cesses.

The FE3001 generates all of the clocks needed
in the system. The CPU clock to the 80286
processor (PROCLK) is programmable, as is the
DMA clock for the DMA controller in the FE3010
(DMACLK). The expansion bus clock (SYSCLK)
and coprocessor clock for the 80287 (CLK287)
automatically adjust to the current operating con-
figuration. The clock for the timers in the FE3010
(TMRCLK) is fixed at 1.19 MHz, and the clocks
for the keyboard controller (PCLK and PCLK) are
fixed at 7.16 MHz.

The FE3001 has registers to delay the five com-
mands (memory read and write, 1/O read and
write, interrupt acknowledge) during a CPU cycle
and control the length of the commands based on
various input signals (16-bit memory, 16-bit I/0,
on-board memory, fast 16-bit I/O device, and
zero wait state device). On power-up, these
registers are loaded with values to run the sys-
tem with a 16 MHz PROCLK (8 MHz system)
with full AT compatibility and no register program-
ming necessary. Before switching to high speed
operation, it is necessary to program the registers
for proper bus emulation. These registers
eliminate the need to either slow down the
processor for expansion bus operations or run
the bus asynchronously. Note that a 16 MHz sys-
tem can be made to exactly match the bus timing
of an 8 MHz system.

2.2 CLOCK GENERATOR
This module generates clocks for the CPU, DMA,

FE3001 _

8042 keyboard controller, timer and 80287
Numeric Processor. The CPU clock is software
selectable for low speed or high speed CPU
operation. The DMA clock is also software selec-
table between standard and high speed. The
80287 clock is fixed at the low speed CPU clock.

2.21 PROCLK

The CLK16 and CLKHS input clocks to the
FE3001 are used to create the low speed and
high speed clocks to the CPU. The CLKHS input
is used when the high speed CPU clock is
selected. If the CLK16 input is connected to an
oscillator, it will be used when the low speed
CPU clock is selected (typically from 6 to 8 MHz
CPU speed). Alternatively, if CLK16 is tied high
through a pullup resistor, then CLKHS + 2 will be
used as the low speed clock, saving an oscillator.

The CPU clock circuitry ensures a glitchless
speed switch. PROCLK will be held high at most
1 1/2 clock periods of the clock being selected in
order to achieve synchronization. Since
SYSCLK and DMACLK are based on PROCLK,
they will also switch speeds without glitches.

2,22 DMACLK

DMACLK can be software selected between
standard speed and a special high speed mode.
Standard speed provides a 4 MHz DMA clock to
the DMA controller on a 16 MHz system, the
same as an 8 MHz IBM PC/AT. This will be the
most common selection of DMA speed. Select-
ing high speed DMA runs the DMA controller at
twice standard speed. This would likely be con-
fined to special dedicated systems where only
well defined DMA peripherals that can run that
fast are used.

DMACLK is PROCLK + 4 when the low speed
CPU clock is selected. DMACLK is PROCLK + 8
when the high speed CPU clock is selected.
DMACLK will always change on CPU “t” state
boundaries, but no other synchronization is at-
tempted. The previous discussion applies to
standard speed DMA. [f high speed DMA is
selected, it runs twice as fastin all cases.

2.2.3 CLK287

CLK287 is always the same as the low speed
CPU clock. ltis not affected by speed switching.
It follows CLK16 if that input is toggling or is
CLKHS =+ 2 if CLK16 is pulled high.

?f ADVANCE INFORMATION 11/20/90
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FIGURE 2-1. SYSCLK TIMING DURING HIGH SPEED OPERATIONS

2.24 SYSCLK

When the low speed clock is selected, SYSCLK
is PROCLK + 2. During high speed operation,
SYSCLK is PROCLK =+ 4. In the high speed case,
SYSCLK is brought into sync with the PC/AT bus
at the end of ALE. See Figure 2-1 for SYSCLK
functional timing.

2.2.5 EADRO/PCLK, PCLK, and TMRCLK

The CLK14 input is used to generate
EADRO/PCLK, PCLK, and TMRCLK. It must be

14.31818 MHz in order for TMRCLK to be 1.1932:

MHz, as required for the timers in the FE3010 to
be AT compatible. TMRCLK is CLK14 +12.
EADRO/PCLK is CLK14 +2 (7.16 MHz). PCLK
is the complement of EADRO/PCLK.
EADRO/PCLK and PCLK can be used to drive
the 8042 keyboard controller.

2.2.6 STOPPING THE CLOCKS
(SLEEP MODE)

Software may put the FE3001 in sleep mode by
setting port 063H bit 6. In sleep mode, PROCLK
and DMACLK will be stopped at a high level.
SYSCLK will also be stopped, but at an indeter-
minate logic level. DMACLK and PROCLK will
each stop on their first rising edge after HLDA is
seen active by the FE3001. Typically, this would
be the first refresh cycle after the sleep bit is writ-
ten. SYSCLK will stop with PROCLK.

By stopping these clocks, power can be con-
served in battery operated systems. Note that a
static CMOS 80286 must be used in order to stop
the CPU clock. EADRO/PCLK, PCLK, TMRCLK,
and CLK287 will continue to run in sleep mode,
allowing the keyboard controller, timers, and
coprocessor to operate. Either a keyboard inter-

rupt or a system clock interrupt is a likely choice
to wake the CPU up.

To restart the clocks (wake up the CPU), the
RESCPU input must be pulsed low. The rising
edge of RESCPU will kick off internal
synchronization that will restart the clocks roughly
2 EADRO/PCLK periods later. No glitches will
occur on the clocks as a result of a restart. Also
note that the pulse on RESCPU will not reset the
CPU if the FE3001 is in sleep mode. Refer to Ap-
plication Notes for information on external logic
needed to implement sleep mode.

2.3 COMMAND CONTROL

This module generates the 1/O read and write
commands, memory read and write commands,
interrupt acknowledge, ALE and BALE from S1,
S0, and MNIO. It also controls the number of wait
states used during each CPU cycle. See the
register descriptions for programming informa-
tion. For recommended program values, refer to
Appendix A.

2.3.1 ON-BOARD CYCLES

When the ONBRD signal is active, then this cycle
is directed toward 16-bit, high speed local DRAM,
BIOS, or /0. The timing for these cycles is
defined by registers R9, R10, and R12. The AT
bus timing signals MEMCS16 and I0CS16 have
no effect. IOCHRDY can be used to lengthen the
cycle, and indeed is used by the FE3021 to add
wait states for a DRAM page miss or EMS
cycles.

The wait states for on-board reads and writes are
individually programmable by registers R9 and
R10 in order to optimize DRAM access speed.
Both memory and 1/0 cycles use these values.

1-8 ADVANCE INFORMATION 11/20/90 F
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The command delay for on-board I/O cycles is
set by register R12. The command delay for on-
board memory cycles is always zero.

2.3.2 AT BUS CYCLES

All' /O and memory cycles where ONBRD is inac-
tive will be directed to the AT bus. The command
delay and wait states are programmable for each

type of AT bus cycle. Refer to section 3 for more

details.

Memory cycles use 16-bit timing when
MEMCS16 is driven low before either the
memory command (YMEMR or YMEMW) is
programmed to go active or BALE falls,
whichever is earlier. 1/0 cycles use 16-bit timing
when I0CS16 is driven low before the I/0O com-
mand (YIOR or YIOW) is programmed to go ac-
tive. Otherwise, all cycles use 8-bit timing.

ZEROWS can be driven low for either 8-bit or 16-
bit cycles to terminate the cycle early. As on the
AT, it should not be driven until a command is ac-
tive. It will cause the cycle to end after the
prescribed minimum number of wait states in
register R8 is met. Note that the FE3001 con-
tains circuitry to ensure that an AT bus cycle will
end (command goes high) on a rising edge of
SYSCLK and will add a wait state if needed to en-
force this. This synchronization circuitry will over-
ride register programming and the IOCHRDY and
ZEROWS inputs.

2.3.3 OTHER CYCLES

Interrupt acknowledge cycles follow the same
command timing as an 8-bit AT bus cycle. HALT
cycles do not generate ALE, BALE or cause the
READY output to go high. Effectively, the
FE3001A does not respond to a HALT cycle. A
SHUTDOWN cycle is handled like a HALT, ex-
cept that it causes the CPURES line to be
pulsed, resetting the CPU only.

2.4 BUS CONTROL

This module generates the data buffer controls
for CPU, DMA, and refresh cycles. DENO and
DENT1 are used to enable the lower and upper
bytes of the FE3031 AT Bus data buffers, respec-
tively. DTR sets the direction of these buffers.
SDEN and SDTR control the enable and direc-
tion of a buffer which transfers data between the
upper and lower bytes of the AT data bus. The
rising edge of SCYCLE latches data on the lower
byte of the AT bus into the FE3031, needed for
16-bit to 8-bit bus conversion cycles. ONBRDL is

ONBRD latched by ALE to keep it valid
throughout the cycle.

The ONBRD signal is used to indicate on-board
DRAM and /O operations. On-board memory
and fast on-board |/O devices are assumed to be
16 bit devices. During CPU cycles which access
on-board memory, the AT data buffers will be dis-
abled. For Bus Master and DMA cycles, ONBRD
must be decoded only for on-board memory.

2.5 AO0/BHE GENERATOR

This module generates the system ADRO, ABHE,
and EBHE using A0 and BHE from the 80286
CPU and AEN and DACK2 from the DMA control-
ler in the FE3010.

2.5.1 ADRO

During CPU cycles, A0 from the 80286 is latched
with ALE to produce ADRO. For 16 bit DMA trans-
fers and interrupt acknowledge cycles, ADRO is
forced low so that the low byte of the data bus is
activated. For all other CPU hold conditions
ADRQO is tri-stated. The FE3001 performs two
cycles when the CPU attempts a 16 bit operation
to an 8-bit device on an even address boundary.
ADRQO is automatically forced to one at the start
of the second cycle to select the second byte.

2.5.2 ABHE

ABHE is the local upper byte select used by the
FE3031. During CPU cycles, ABHE is BHE
latched with ALE. Itis forced low during 16-bit
DMA (DACK2 and AEN inputs high) so that the
upper byte is always selected. For 8-bit DMA, it
is the inversion of ADRO so that only one byte is
selected at a time. During master mode, ABHE
follows the EBHE input.

2.5.3 EBHE

EBHE is the upper byte select to the AT bus.
During CPU cycles, EBHE is ABHE latched with
BALE to provide proper AT bus timing. During
DMA, EBHE follows ABHE. During refresh the
EBHE output is disabled. It is an input during
Master Mode transfers.

2.6 PRIORITY CONTROL

The Priority Control module generates the hold re-
quest signal to the CPU in response to a request
from the DMA controller or refresh timer.

2.6.1 REFRESH CYCLES

The FE3001 generates a hold request in
response to a rising edge on the OUT1 input, sig-

v ADVANCE || IATION 1 1-
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nalling that a refresh cycle is needed. A refresh
cycle is initiated when HLDA comes back from
the CPU. The FE3001 refresh state machine
drives REFRESH low to signal a refresh cycle to
the AT bus, and sets ERFSH low to the FE3010
to enable the refresh address onto the CPU ad-
dress bus. YMEMR will also be strobed low
during a refresh cycle. Refer to the timin
diagrams for more detail. Note that REFRESH is
a bidirectional open-collector signal, and a
refresh cycle can be started by an expansion
card.

2.6.2 DMA CYCLES AND REQUEST
ARBITRATION

Requests for control by the DMA controller are
made by taking the HRQ1 input high. The
FE3001 grants control to the DMA controller by
setting HLDA1 high.

When the FE3001 receives a HLDA, it grants con-
trol either to the refresh state machine
(REFRESH goes low) or to the DMA controller
(HLDA1 goes high). Priority is given to the
refresh state machine in the event of simul-
taneous requests. Note that if simultaneous re-
quests do exist, then HOLDRQ will not be
dropped after the first request is satisfied. In-
stead, the FE3001 will grant control sequentially
to both requestors with the same HLDA.

2.7 DMA CONTROL

This module generates the DMARDY signal for
the FE3010 peripheral controller. This signal indi-
cates that the DMA may complete its cycle. The
module also generates YMEMR during DMA by
delaying-the leading (falling) edge of the FE3010
DMAMR signal by one DMA clock.

2.8 ERROR CONTROL

This module generates a non-maskable interrupt
(NMI) to the 80286 when a parity error or system
bus error is encountered. Parity error, system bus
error or NMI can be enabled or disabled from
software. They are all disabled on system reset.

The PTYERR input is examined each time
YMEMR goes high and it is an on-board cycle
(ONBRDL low). The state of the PTYERR input
is actually latched on the first falling edge of
PROCLK after YMEMR goes high. This applies
to all on-board reads including CPU, DMA, and
Bus Master cycles. If PTYERR was high, it sig-
nals a parity failure and will generate an NMI to
the CPU if enabled. The parity error latch can be

cleared by disabling and then enabling parity er-
rors.

The IOCHCK input is driven low by a device on
the AT bus to signal a catastrophic error, such as
a parity error on a plug-in RAM card. Alow on
the IOCHCK input will generate an NMi to the
CPU if enabled. The error condition can be
cleared by disabling and then enabling IOCHCK.
However, the IOCHCK input must also be reset
high or it will generate another NMI.

When the CPU receives an NMI, it can inter-
rogate |/O register 061H (PORT B) to determine
whether a parity error or an IOCHCK is the
source of the interrupt. Note that this is the only
time the FE3001 will drive the data bus. All other
I/0 locations are write only. Also, only bits 6 and
7 will be driven during the read. The FE3010 will
supply the 6 lower order bits.

29 COPROCESSOR INTERFACE

The Coprocessor Interface module provides the
system interface to the 80287 Numeric Processor
Extension. The reset and chip select to the 80287
are generated in this module in addition to the
busy signal to the CPU and interrupt request 13
to the interrupt controller.

In a FE3600 system, as in any PC/AT compatible
system, ERROR from the 80287 coprocessor is
not connected to the ERROR input on the 80286.
Instead, the ERROR input on the 80286 is tied
high, while BUSY and interrupt request 13 are
used to flag errors. The FE3001 has a BZ286
output which connects to the BUSY input of the
80286. It also has ERROR and BUSY inputs
which hook to those outputs from the 80287.

Normally, BZ286 just follows the BUSY input.
However, when ERROR goes low while BUSY is
low, IRQ13 will go active to signal the CPU that a
coprocessor error has occurred. IRQ13 will stay
active until ERROR goes back high. Also, BZ286
will be latched low to prevent another coproces-
sor instruction from being loaded. BZ286 will
stay low until either the 80287 is reset or there is
a write to I/O address OFOH. When either of
these occurs, then BZ286 will return to following
the BUSY input.

The FE3001 RST287 output connects to the
80287 RESET input. This allows the coproces-
sor to be reset through software by an I/O write to

address OF1H. It will also be reset when the sys-
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S0 TYPE OF BUS CYCLE

Interrupt Acknowledge

1/0 Read

1/0 Write

None, not a status cycle

Halt (if A1 =1) or Shutdown (if A1 = 0)

Memory Read

Memory Write

-t

alalalalo|lo|lo|lo
= O[=|O|—|O|—=|O

None, not a status cycle

TABLE 2-1. BUS CYCLES

tem RESET output is active.

The FE3001 expects the CS287 input to be ac-
tive for addresses OEOH-OFFH. This is used to
provide the NPCS chip select decode output for
the 80287. It will be active for addresses OE8H-
OEFH and OF8H-OFFH when INTA is high and M/
10 from the CPU was low for this cycle.

2.10 RESET CONTROL

This module generates the CPURES signal
which is used to reset only the 80286 and the
RESET signal which resets the rest of the system
(including the FE3001). The RESIN input causes
a full system reset when driven low. Both
CPURES and RESET will go active for as long
as RESIN is low and for at least 30 PROCLK
cycles after RESIN goes high.

The RESCPU input, when driven low, causes
only the CPURES output to go high. RESCPU
would normally be connected to both the 8042
keyboard controller and the FE3021 (to provide
“hot” reset). The CPURES output will stay high
for at least 4 DMACLK periods, longer if
RESCPU remains low. CPURES will also go
high for 4 DMACLK periods if the 80286 ex-
ecutes a Shutdown cycle.

2.11 GENERAL NOTES

ONBRD must not be active during interrupt
acknowledge cycles.

For memory cycles with ONBRD asserted,
the system will use the MDATA bus of the
FE3031 for data transfers. For I/O cycles with
ONBRD asserted, the system will use the ex-
pansion bus (DATA) of the FE3031 for data
transfers.

On-board I/O devices must drive IOCS16 in
order for a Bus Master to access them as
16-bit devices. Otherwise, SDEN will go low
for Bus Master I/O cycles where ADRO is
high.

Inputs CLK16, BUSY, ERROR, and CS287
have internal 100k Q (approx.) pull-up resis-
tors.

N
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REGISTERS

3.0 REGISTERS

3.1 ERROR CONTROL REGISTER (061H),

READ/WRITE

The error control register contains masks for the
on-board RAM parity check and 1/0O channel
check signals. It also provides a read port to
check the status of these signals.

061 (RD) X | X | X | x| X]|X

L L /0 CH CHK FROM PC/AT BUS

(ACTIVE HIGH)
PARITY ERROR (ACTIVE HIGH)

061(WR) | x | X | X | x X | X

0= ENABLE I/0 CH CHK
1= DISABLE /0 CH CHK

0= ENABLE PARITY CHECK J
1= DISABLE RAM PARITY CHECK

3.2 SPEED SELECT (063H), WRITE

The speed select register controls the speed of
the CPU and DMA clocks. This register is also
used to stop the CPU (sleep mode) and unlock
the command control and speed select registers
for access. The lock bit must be reset and D7
must be low to change speed or stop clocks.

The Stop Clock bit stops all the clocks except for
the timer clock, coprocessor clock, and keyboard
controller clocks. This allows refresh to continue.
Bits 2,3, and 6 in the register are cleared and bit
7 is set by system reset.

7 6543210
X|X XX

0= CPU SPEED - CLK16
1= CPU SPEED - CLKHS
0 = DMA SPEED - STANDARD

1= DMA SPEED - HIGH SPEED
(2 X STANDARD)

0863 (WR)

1=STOP CPU & DMA CLOCKS

0 = UNLOCK & WRITE REGISTERS
1= LOCK COMMAND REGISTERS

3.3 NMI ENABLE (070H), WRITE

The NMI enable register contains the mask for
NMI to the 80286. Bit 7 is set on power-up.

070 (WR) X | X | X | X | X ]| X |X

0= ENABLE NMI
1= DISABLE NMI

ADVANCE INFORMATION 11/20/90
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3.4 COMMAND CONTROL REGISTERS
(072H,073H), WRITE

The timing of the command controls on the ex-
pansion bus is programmable via the Command
Control Registers. These registers control the
timing of BALE, YMEMR, YMEMW, YIOR, YIOW,
INTA and the number of wait states in a CPU
cycle. This section describes the programming of

FE3001 .

these registers. Recommended program values
for CPU clock speeds of 16, 25, and 32 MHz are
provided in Appendix A.

The programmable bus signals are shown in Fig-
ure 3-1. A summary of the timing registers is
shown in Table 3-1.

PROCLK |
| 0 "
ALE I |
A _'-.]'———B —’| |
BALE :A \ |
|
COMMAND ! \
VA N I
FIGURE 3-1. PROGRAMMABLE COMMAND TIMING
REG BITS FUNCTION WAVEFORM  DEFAULT RANGE
Ro 2 BALE delay from ALE leading edge A 0 0-3
R1 2 BALE width B 1 1-3
Rz Not used
Rs 4 8-bit memory, 8/16-bit I/0O - command delay C 1 0-15
R4 4 8-bit operation - wait states D 4 0-15
Rs 4 16-bit I/0O operation - wait states D 1 0-15
Re 4 16-bit memory operation - command delay C 0 0-15
Rz 4 16-bit memory operation - wait states D 1 0-15
Rs 4 Minimum number of wait states when D 0 0-15
ZEROWS is asserted - wait states
Ro 4 On-board 16-bit read cycle - wait states D 1 0-15
R1o 4 On-board 16-bit write cycle - wait states D 1 0-15
Ri11 Not used
Ri2 4 On-Board 1/O operation - command delay C 1 0-15

TABLE 3-1. SUMMARY OF COMMAND TIMING REGISTERS

*  Command delay is number of PROCLKs from end of Ts

«  Each wait state is two PROCLKs.

»  One wait state may be added in high speed mode for synchronization.

?f ADVANCE INFORMATION 11/20/90 1-13
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REGISTERS

3.5 COMMAND REGISTER
POINTER (072H)

The Command Register Pointer points to one of

11 registers at location 073H. Each register con-

tains a command timing parameter based on the
selected CPU clock. Whichever register number
is loaded in bits 7,6,3, and 2 in location 072H is
the register which is loaded with the next write to
address 073H. Refer to Table 3 -1 for details.

072(WR) | r3 | r2 | X | X |1 |r0 | X | X

REGISTER NUMBER =r

7 6 5 4 3 2 1 0

073(WR) | d3 | d2 | X | X |d1|[do| X | X

'Y

L

REGISTER VALUE =d

3.6 BALE TIMING (Ro,R1)

The leading edge and width of BALE are control-
led by these two registers. BALE delay is defined
as the number of PROCLK cycles from the lead-
ing edge of ALE. BALE width is the width in
PROCLK cycles.

Default values:  Delay (Ro) - 0

Width (R1) - 1

3.7 8-BIT MEMORY AND 8/16-BIT
/0 COMMAND DELAY (R3)

This register controls the command delay for 8-bit
memory and 8/16-bit I/O operations. Command
delay is defined as the number of PROCLK
cycles from the trailing edge of ALE to the start of
the command.

Default value: Command Delay (R3) - 1

3.8 8-BIT MEMORY AND I/O
WAIT STATES (R4)

This register controls the number of wait states
for 8-bit operations. The number of wait states is
the number of CPU wait states required for these
operations. ;

Default value: ~ Wait States (Ra4) - 4

3.9 16-BIT I/O WAIT STATES (Rs)

This register controls the number of wait states
for 16-bit I/O cycles. These cycles are indicated
by the assertion of IOCS16. The number of wait
states is the number of CPU wait states required
for this operation.

Default values:

Wait States (Rs) - 1

3.10 16-BIT AT BUS MEMORY TIMING
(Re,R7)

These registers control the command delay and
number of wait states for 16-bit memory opera-
tions. These cycles are indicated by the assertion
of MEMCS16. Command delay is defined as the
number of PROCLK cycles from the trailing edge
of ALE. The number of wait states is the number
of CPU wait states required for this operation.

Default values:  Command Delay (Rs) - 0
Wait States (R7) - 1

3.11 ZEROWS BUS CYCLE WAIT STATES

This register sets the minimum number of wait
states which must occur before the assertion of
the ZEROWS signal can terminate a cycle.

Default values: - Wait States, ZWS (Rg) - 0

3.12 ON-BOARD MEMORY TIMING
(Ro,R10)

These two registers control the number of wait
states for'on-board operations. These cycles are
indicated by the assertion of ONBRD during CPU
cycles. Command delay is zero for all on board
memory .operations. The number of wait states is
the number of CPU wait states required for this
operation. There are separate registers to pro-
gram the number of wait states for read and write
operations to give the system designer added
flexibility and potential for greater speed.

Default values:  Wait States,Read (Rg) - 1
Wait States,Write (R10) - 1

1-14 ADVANCE INFORMATION 11/20/90 ‘ 7
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FE3001 _

3.13 ON-BOARD I/O TIMING (R12)

This register controls the command delay for 16-
bit on-board 1/O operations. These cycles are indi-
cated by the assertion of ONBRD during CPU I/0
cycles. Command delay is defined as the number
of PROCLK cycles from the trailing edge of ALE.
The number of wait states for on-board I/0O is
defined by the on-board memory registers
described above. Additional wait states can be
added by using the IOCHRDY signal.

Default values: Command Delay (R12) - 1

3.14 CLEAR 80287 BUSY (0FOH), WRITE

When an error signal is received from the 80287,
the BZ286 signal is latched low. The latch is
cleared by an OUT instruction to this port. The
output data is don’t care.

3.15 RESET 80287 (0F1H), WRITE

An OUT instruction to this port generates a reset
to the 80287.

4.0 PACKAGE
The FE3001 is packaged in a 84-pin PLCC.

5.0 ABSOLUTE MAXIMUM RATINGS

Ambient Temperature (operating): 0" to+70° C
Storage Temperature: -40° to +125° C
Voltage on any pin to ground: -5Vto+7V
Power Dissipation: 400 mW

6.0 DC CHARACTERISTICS
Refer to Table 6-1 below.

SYMBOL PARAMETER MIN MAX UNIT TEST CONDITION
ViL Input LOW Voltage 0.8 \'%

ViH Input HIGH Voltage 2.0 \

loL LOW V Output Current'* 4 mA VoL=0.4V

loH HIGH V Output Current’ -4 mA VoH= 2.4V

loL LOW V Output Current? 8,203 mA Vor=0.4V

loH HIGH V Output Current® -8 mA VoH=24V

VoHc PROCLK Out HIGH Volt 3.8 \Y loH= -2 mA

Vbbp Supply Voltage (Any Vpbp) 4.5 5.5 \

Ipp Supply Current (Total) mA

TABLE 6-1. DC CHARACTERISTICS

. 1. Output currents are for DMACLK, TMRCLK, PCLK, PCLK, CLK287, CPURES, ALE, RTCALE,
DTR, SDTR, DENO, DEN1, SDEN, SCYCLE, READY, DMARDY, NPCS, RST287, BZ286, IRQ13,

NMI, HOLDRQ, ERFSH, HLDA1, INTA, DLYWR, ABHE, BHE, ONBRDL.

» 2. Output currents are for RESET, YMEMR, YMEMW, YIOR, YIOW, D6, D7, ADRO, SYSCLK,

BALE, EBHE, ACK.

» 3. Output current for REFRESH should be 20 mA at 0.4V. This is an I/O pin which is only driven low
in output mode. It is in a tri-state condition otherwise. A 300 ohm pull-up resistor is needed to bring

the output high.
* 4. Output low current for PROCLK.

.'/'_, ADVANCE INFORMATION 11/20/90



FE3001 TIMING PARAMETERS
7.0 TIMING PARAMETERS
(Ta=0" to 70°C, Vpp=4.5 to 5.5V,CL=50pf)
16 MHz
SYMBOL | PARAMETER MIN MAX (NS)
T1 ALE rising edge delay from PROCLK 12
T2 ALE falling edge delay from PROCLK 15
T3 BALE rising edge delay from PROCLK 21
T4 BALE falling edge delay from PROCLK 20
T5 YMEMR, YMEMW fall delay from PROCLK 16
T6 YMEMR, YMEMW rise delay from PROCLK 19
T7 YIOR, YIOW falling delay from PROCLK 20
T8 YIOR, YIOW rising delay from PROCLK 20
T11 READY falling edge delay from PROCLK 12
T12 READY rising edge delay from PROCLK 16
T13 DTR fall delay from PROCLK; read cycle 20
T16 DENO, DENT rise delay from PROCLK;
read cycle 18
T17 DENO, DENT low delay from PROCLK;
write cycle 28
T18 DENO, DENT rise delay from PROCLK;
write cycle 24
T21 S1, S0 setup time to PROCLK 13
T23 ONBRD setup time to PROCLK;
memory cycle 22
T24 ONBRD setup time to PROCLK;
I/0 cycle 32
T25 MEMCS16 setup time to PROCLK 32
T26 10CS16 setup time to PROCLK 35
T27 IOCHRDY setup time to PROCLK 12
T28 IOCHRDY hold time from PROCLK 0
T30 S1, S0 hold time from PROCLK 1
T31 A0 setup time to PROCLK 10
T32 BHE setup time to PROCLK 2
T33 BHE hold time from PROCLK 15
T34 A0 hold time from PROCLK 15
T35 ABHE delay from PROCLK 21
T36 ADRO delay from PROCLK 20
T37 EBHE delay from PROCLK 28
T38 ONBRD hold time from PROCLK 10
TABLE 7-1. TIMING PARAMETERS
1-16 ADVANCE INFORMATION 11/20/90
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TIMING PARAMETERS
16 MHz
SYMBOL | PARAMETER MIN MAX (NS)

T39 ONBRDL delay from ONBRD 19
T40 ONBRDL delay from PROCLK 24
T41 CLK14 period 69
T42 CLK14 low time 27
T43 CLK14 high time 27
T44 EADRO /PCLK rise/fall delay from CLK14 falling 29
T45 PCLK rise/fall delay from CLK14 falling 24
T46 TMRCLK rise/fall delay from CLK14 falling 27
T47 CLKHS period 31
T48 CLKHS high time 14
T49 CLKHS low time 14
T50 PROCLK falling edge delay from CLKHS fall;

High speed PROCLK selected 20
T51 PROCLK rising edge delay from CLKHS rising;

~_______ | Highspeed PROCLK selected 16

T52 'PROCLK duty cycle skew (T50 - T51);

High speed PROCLK selected.

PROCLK low time = T49 - T52

PROCLK high time = T48 + T52 -2 4
T53 PROCLK rise/fall delay from CLKHS falling;

Low speed PROCLK, CLK16 tied to +5V 26
T54 CLK287 rise/fall delay from CLKHS falling;

CLK16 input tied to +5V 18
T55 CLK16 period 62
T56 CLK16 high time 28
T57 CLK16 low time 28
T58 PROCLK rise/fall delay from CLK16 ;

low speed PROCLK, CLK16 toggling 22
T59 CLK287 rise/fall delay from CLK16 ;

CLK16 toggling 18
T60 SYSCLK rise/fall delay from PROCLK;

Low speed PROCLK selected 17
Te1 SYSCLK rise/fall delay from PROCLK;

High speed PROCLK selected 17
T62 DMACLK rise/fall delay from PROCLK;

Divide by 2 30
T63 DMACLK rise/fall delay from PROCLK;

Dlvide by 4 37

TABLE 7-1. TIMING PARAMETERS, Continued
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FE3001 TIMING PARAMETERS
16 MHz
SYMBOL | PARAMETER MIN MAX (NS)

T64 DMACLK rise/fall delay from PROCLK;

Divide by 8 ) 37
T65 M/IO setup time to S0, ST falling edge 4
T66 MO hold time from PROCLK (end of Ts) 15
T67 DTR rise delay from PROCLK; read cycle 24
T68 SDTR rise delay from PROCLK 24
T69 SDTR fall delay from PROCLK 30
T70 PTYERR setup time to PROCLK 11
T71 PTYERR hold time from PROCLK 4
T72 MEMCS16 hold time from PROCLK 17
T73 DENO low delay from PROCLK; read cycle 27
T74 'DENT low delay from PROCLK; read cycle 25
175 ZEROWS setup time to PROCLK 24
T76 ZEROWS hold time from PROCLK 0
T77 DENO, DENT low delay from ONBRD high;

write cycle 28
T78 TOCS16 hold time from PROCLK 5
T79 DLYWR falling edge delay from PROCLK 13
T80 DLYWR rising edge delay from PROCLK 23
T81 SDEN falling edge delay from PROCLK 30
T82 SDEN rising edge delay from PROCLK;

YMEMR, YMEMW, or YIOR active 32
T83 SDEN rising edge delay from PROCLK;

YIOW active 16
T84 SCYCLE rising edge delay from PROCLK 17
T85 SCYCLE falling edge delay from PROCLK 22
T86 INTA falling edge delay from PROCLK 18
T87 INTA rising edge delay from PROCLK 17
T88 ADRO low delay from PROCLK; :

interrupt acknowledge cycle 21
T89 DENO low delay from PROCLK;

interrupt acknowledge cycle 26
T90 DENO rise delay from PROCLK;

interrupt acknowledge cycle 19
T91 CPURES rising edge delay from PROCLK;

shutdown cycle 18

TABLE 7-1. TIMING PARAMETERS, Continued
1-18 ADVANCE INFORMATION 11/20/90
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TIMING PARAMETERS
16 MHz
SYMBOL | PARAMETER MIN MAX (NS)

T92 CPURES falling edge delay from PROCLK;

shutdown cycle 17
T93 OUT1 setup time to EADRO/PCLK; asynchronous input | 15
T94 HOLDRAQ rising edge delay from EADRO/PCLK 12
T95 HOLDRAQ falling edge delay from EADRO/PCLK 14
T96 HLDA setup time to EADRO/PCLK; asynchronous input | 26
T97 REFRESH low delay from HLDA high 29
To8 REFRESH output tristate delay from EADRO/PCLK 9
T99 ERFSH falling edge delay from EADRO/PCLK 10
T100 ERFSH rising edge delay from EADRO/PCLK 10
T101 YMEMR falling edge delay from EADRO/PCLK;
» refresh cycle 10
T102 YMEMR rising edge delay from EADRO/PCLK;

refresh cycle 10
T103 IOCHRDY setup time to EADRO/PCLK 19
T104 HRQ1 setup to EADRO/PCLK; asynchronous input 18
T105 HLDAA1 rising edge delay from EADRO/PCLK 10
T106 HLDA1 high delay from HLDA high 20
T107 HLDAT1 falling edge delay from EADRO/PCLK 11
T108 BALE high delay from HLDA high 18
T109 BALE low delay from HLDA low 19
T110 ACK high delay from HLDA high 16
T111 ACK high delay from MASTER high 16
T112 ACK low delay from HLDA low 16
T113 ACK low delay from MASTER low 16
Ti14 ONBRD setup before YIOR falls 9
T115 ONBRD to ONBRDL delay; HLDA high 19
T116 HLDA high to ADRO float delay: 20
T117 HLDA low to ADRO enable delay 20
T118 ADRO input to ABHE output delay 19
T119 HLDA high to EBHE float delay 23
T120 HLDA low to EBHE enable delay 23
T121 AEN high to EBHE enable delay 23
T122 AEN low to EBHE float delay 22
T123 ADRO input to EBHE output delay 28
T124 HLDAT1 high to BHE enable delay 10
T125 HLDA1 low to BHE float delay Al

TABLE 7-1. TIMING PARAMETERS, Continued
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FE3001 TIMING PARAMETERS
‘ 16 MHz
SYMBOL | PARAMETER MIN MAX (NS)

T126 EBHE to BHE delay 11
T127 HLDA high to YIOR float delay 21
T128 HLDA low to YIOR enable delay 23
T129 HLDA high to YMEMW float delay 21
T130 HLDA low to YMEMW enable delay 23
T131 YIOR low to DENO low delay 20
T132 YIOR high to DENO high delay 19
T133 YIOR low to DTR low delay 18
T134 YIOR high to DTR high delay 18
T135 YIOR low to SDTR high delay 26
T136 YIOR high to SDTR low delay 23
T137 ONBRD setup before DMACLK which causes

YMEMR to go low 22
T138 DMAMR setup time to DMACLK 16
T139 YMEMR falling edge delay from DMACLK 10
T140 DMAMR high to YMEMR high delay 19
T141 DLYWR input low to YIOW output low 16
T142 DLYWR input high to YIOW output high 16
T143 YMEMR low to DEN1 low delay 18
T144 | YMEMR high to DENT high delay 17
T145 YMEMR low to SDEN low delay 21
T146 YMEMR high to SDEN high delay 19
T147 AEN high to ADRO enable delay; DACK2 high 25
T148 DACK2 low to ADRO float delay 20
T149 AEN high to ABHE low delay; DACK2 high 27
T150 IOCHRDY setup time before DMACLK 14
T151 YIOR low to DMARDY low delay’ 17
T152 DMAMR low to DMARDY low delay 18
T153 DMARDY rising edge delay from DMACLK 11
T154 YMEMR setup time before PROCLK 1
T155 ONBRDL hold time from PROCLK 2
T156 EBHE to ABHE delay; master mode 22
T157 AEN low to ADRO float delay; master mode 23
T158 AEN high to DLYWR float delay 20
T159 AEN low to DLYWR enable delay 21

TABLE 7-1. TIMING PARAMETERS, Continued
ADVANCE INFORMATION 11/20/90
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TIMING PARAMETERS
16 MHz
SYMBOL | PARAMETER MIN MAX (NS)

T160 ONBRD setup time before memory command

falls; master mode 18
T161 ADRQO setup time before memory command

falls; master mode 6
T162 EBHE setup time before memory command

falls; master mode 6
T163 DTR low delay from memory command low;

master mode 17
T164 DTR high delay from memory command high;

master mode 17
T165 DENO low delay from memory command low;

master mode 20
T166 DENO high delay from memory command high;

master mode 19
T167 DEN?1 low delay from memory command low;

master mode 19
T168 DEN1 high delay from memory command high;

master mode 18
T169 MEMCS16 setup time before memory command

falls; master mode, ADRO high 9
T170 SDTR low delay from memory command low;

master mode, ADRO high 21
T171 SDTR high delay from memory command high;

master mode, ADRO high 20
T172 SDEN low delay from memory command low;

master mode, ADRO high 21
T173 SDEN high delay from memory command high;

master mode, ADRO high 20
T174 ADRO setup time before /O command falls;

master mode 5
T175 SDTR low delay from I/O command low;

master mode, ADRO high 19
T176 SDTR high delay from 1/O command high;

master mode, ADRO high 19
T177 SDEN low delay from 1/O command low;

master mode, ADRO high 23
T178 SDEN high delay from I/O command high;

master mode, ADRO high 23
T179 IOCS16 setup time before /O command

falls; master mode, ADRO high 14

TABLE 7-1. TIMING PARAMETERS, Continued
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TIMING PARAMETERS

NOTES:

All delays with respect to PROCLK are with
respect to the falling edge of PROCLK.

T22:ZEROWS SETUP TIME NOTES

The ZEROWS signal is sampled by the FE3001
in the middle of every CPU wait state during AT
bus cycles. ZEROWS will terminate an AT bus
cycle early when it is sampled after the minimum

number of wait states programmed into R8 have

occurred.

T25: MEMCS16 SETUP TIME NOTES

MEMCS16 is only examined during AT bus
memory cycles. It must be valid before the ear-

lier of either (1) the memory command strobe
falls as programmed by R6, or (2) BALE falls as
programmed by RO and R1.

T26: I0CS16 SETUP TIME NOTES

IOCS16 is only examined during AT bus I/O
cycles. It must be valid before the I/O command
falls as programmed by R3.

T27: IOCHRDY SETUP TIME NOTES

IOCHRDY is sampled with the falling edge of
PROCLK at the end of each CPU ‘t” state. It
must be sampled low one full ‘1" state before a
cycle would normally end in order to extend it.

1-22 ADVANCE INFORMATION 11/20/90
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S1,80

BHE

A0

i
|
T

|
1 Tisg
ONBRDL | 140 ‘ | |
] T27

IOCHRDY
(NOTE 3)

‘ T27

READY |

T12

1) RO = 0; R1 = 1 (low speed BALE timing)
(@) RO = 1; R1 = 2 (16MHz BALE timing)

(3) IOCHRDY is being used to add one wait state to this on-board cycle, which is otherwise

programmed by R9 or R10 to be 0 wait states

FIGURE 7-1. CPU CYCLE TIMING FOR ALE, BYTE SELECT,

ONBRD and READY

N
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CLK14 R b

EADRO/PCLK m
i

—> T45

_ %

PLK /L
—> T46 .

TMRCLK P ? \

CLKHS
| NOTE 1 _J
| PROCLK /] \
. A= A = |
| NOTE 2 A |
oo L
NOTESZ | e T T T T T T T T T T |

| NOTE 4 —| T80 |
| PROCLK |

e |

—» T59

| NOTE 5 - |
CLK287

Bit 2 of I/O Addr 63 set to 1 (High speed CPU clock)

Bit 2 of I/0 Addr 63 set to 0 (low speed CPU clock) and CLK16 input connected to +5V
CLK16 input connected to +5V

Bit 2 of I/O Addr 63 set to 0 (low speed CPU clock) and CLK16 input driven by an oscillator
CLK16 input driven by an oscillator

FIGURE 7-2. CLOCK TIMING (1 of 2)

1-24
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PROCLK

DMACLK
(NOTE 4)

DMACLK
(NOTE 5)

DMACLK
(NOTE 6)

NOTES:

T —| e
S .
— e L —

Bit 2 of I/O Addr 63 set to 0 (low speed CPU clock)

Bit 2 of 1/O Addr 63 set to 1 (high speed CPU clock)

SYSCLK low time extended when SYSCLK is low while ALE is high and the high speed
CPU clock has been selected

Bit 2 of /O Addr 63 set to 0 (low speed CPU clock) and Bit 3 set to 1 (hlgh speed DMA)
I/O Addr 63 Bits 2 and 3 set to the same value; low speed CPU clock and low speed DMA,
or high speed CPU clock and high speed DMA

Bit 2 of I/O Addr 63 set to 1 (high speed CPU clock) and Bit 3 set to 0 (low speed DMA)

FIGURE 7-3. CLOCK TIMING (2 of 2)
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ON-BOARD ZERO WAIT ON-BOARD ONE WAIT
STATE MEMORY READ STATE MEMORY WRITE

——-Ts—|—Tc— —Ts—’—TC—’—TW——

| . 1

oo\ S
_ - | | | | |
S1 ] I |
— b |
@ ' S |
T65
) | | — |
M0 B | 1 | | !
| o |
ONBRDL ] | | |
T13 | | Ter ' '
DTR | | |
(NOTE 2) —TGQ‘— | l
T68 9 ) -
SDTR _’I —\ | ‘ |
(NOTE 2) ! | + ! }
‘ | | —>| T5 e— _’I T6
YMEMW | l| | f
T5
> f— —{Ts .|
YMEMR |
T70 — L—
PTYERR ‘
(NOTE 3) TF— T
NOTES:
(1) DENO, DEN1, and SDEN will remain high and SYSCLE will remain low during on-board
) memory cycles
(2) NOT USED by the FE3031 during on-board memory cycles; shown for reference only
(3) PTYERR must be low when shown to prevent a parity NMI from being generated (if enabled).
PTYERR is sampled one PROCLK after the end of an on-board memory read
FIGURE 7-4. ON-BOARD MEMORY CYCLE TIMING
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DEFAULT CYCLE ZEROWS ACTIVE
—Ts—l——Tc—‘_Tw_ _Ts—i_TC_
PROCLK J"\J—\ﬂﬂww
|
o ViH | ' | | ;
s \ | | |
| !
|
M0 J | i | | \ |
svsowW/\l/\m\'/*'\F
BALE / | \ ! / ( \ [ :
ONBRDL [ { i ; | |
T25 F:Tn ™ | | : |
NoTE 2) mmmﬂ LR AR VRV - AT
) e o
YMEMR i | |
(NOTE 3) | | | |
| |
ADRO \ | | J j| i |
T7i.: - T1E’| — I I l
DENO ‘ : { \ | {
ABHE [ | \ | | |
T | ) T
DENT | | L
Ty Te7 —¥ | | —]
DTR {7 \ —'_/‘
I T75
ZEROWS ' |‘~ | [
—’I 1l76
NOTES:
(1) NPCS is high during these cycles
(2) Setup/Hold times referenced to PROCLK edge which is programmed by R6 to cause
YMEMR or YMEMW to go low
(3) R6=0;R7=1;R8=0;R0=0; R1 =1
FIGURE 7-5. 16-BIT MEMORY READ TIMING FOR LOW SPEED CPU
CLOCK
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—Ts—l——Tc—‘__...Tw

DEFAULT CYCLE

ZEROWS ACTIVE
— | —

s-~i~»Tc—~—

2 U N [ ;

S | | | |
L L l

[Y1e} ‘ i I I

J L ] | —

SYSCLK / ' (A \ / \ /o | A W A
| — o |

BALE I l _[ : %

S | TAARARANARAMARTARRANNAY]

;'ﬁ

—
AT AR

| T s T6 |
YMEMW | i ! m—
(NOTE 2) | |
| | |
ADRO | \ . |
1
: | [ T17 ‘ T18 —»‘
(NOTES 3,4 |
( # — T77 j !
ABHE | | [
. —>| —T17 _’l '28
%Eg;ES 3,4) -
( ' —| =777
DTR /
ZEROWS \ /
NOTES:
(1) NPCS is high during these cycles
(2) R6=0;R7=1,R8=0;R0=0;R1 =1
(3) DENO and DEN1 go high one PROCLK cycle after the write command goes high. However,
each will remain low for back to back write cycles when it is active in both cycles.
4) The falling edge of DENO or DEN1 in a write cycle will be controlled by ONBRD if it goes
high in the last half of the processor Ts state, or by PROCLK if ONBRD is high earlier.
FIGURE 7-6. 16-BIT MEMORY WRITE TIMING FOR LOW SPEED CPU
CLOCK
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DEFAULT CYCLE
Ts

PROGLK NWW
e U —
|

SYSCLK jm
|

BALE I | | !

onero  [I]]]]]]T}]] | \\\\l[\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\i\\\\\\\f\\
i — T25 J |
WEWMCSTS XX\\\X\\\\X{\\A\XW\\XX\\ _’{r_ 11T ////l////f_////l[///ﬂl/[LU/[U//[Z/(/I///WU///
ror, ‘ le— T 72 )
ABHE | | ﬁ Jl‘ : !I_/_
e |
T A At e
|YMEMR | | | o ’ — Jl l '
o= = j N
) L
‘ DENT I | ] ‘ ‘.! ':ll—_‘
| I »
| om —H—‘_’! | ﬂ ‘;1*:
T i
i | | il
YMEMW |
| S e )

‘ T77
DENO

‘ (NOTE 4) { ' i I
e’ Tig
| DENT \ . )7
‘ (NOTE 4) T17 l— 1 i
‘ DTR ‘
NOTES
(1) RO = 1; R1 = 2; R6 = 2; R7 = 4; NPCS is high during these cycles
(2) Memory read cycle timing
(3) Memory write cycle timin
(4) The falling edge of DENO or DEN1 in a write cycle will be controlied by ONBRD if it goes

high in the last half of the processor Ts state, or by PROCLK if ONBRD goes high earlier

FIGURE 7-7. 16-BIT MEMORY TIMING FOR HIGH SPEED (16 MHZ) CPU
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(1)
(@)

@)

ZERO WAIT STATE CYCLE

—_—Tw — | — Tw — | — Ts —

roc [\
1
|
_ |
S1, S0 ”j / i |
|
SYSCLK —\ NOTE 2 /—\_:_—|T__/—~—
|
BALE /——\ : l
|
. |
oNBRDL | | :
|
ST TATARARARARARAAARRARANAY ////////////}///////!i//////////////
T22 L__ |
o VNAUANN A S
NOTES:

RO = 1; R1 = 2; R6 = 2; NPCS is high during these cycles

SYSCLK is extended low one extra half period when it is low during the processor’s Ts state
and the high speed CPU clock is selected

Register R8 = 2. When the high speed CPU clock is selected, no AT bus cycle can terminate
until the cycle when SYSCLK goes high. This ensures proper synchronization of the rising
edge of the command strobes with SYSCLK

FIGURE 7-8. 16-BIT MEMORY TIMING WITH
ZEROWS ASSERTED AND HIGH SPEED (16 MHz) CPU
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16-BIT I/O READ 16-BIT I/O WRITE
—Ts—‘—Tc—|—Tw— —Ts—’—Tc———]—Tw-# Ts
' ' ' ! | I ‘
. |
1,50 w I | \ /] | i L_-I—
N | |
SYSCLK _\ /_‘_\ k w m 1 \ | / \ 1 / | \_
| FJT ] L o
- — —
o> | ] ] | ALAARRAARARARARARARARAATAY [ I l
| —r> T2 +—
10CS16 ' | | | ! ! |‘_ i A’J/’
(NOTE 2) | | —.l — J . f | [ i i |
— 4| i T7 T8 ‘ Bl i - i i i
- L I i ]
e ] ] | =
T79
_ | L - .
DLYWR R
(NOTE 3) | | | ' ‘——‘_b‘
80|
o, ———— | L .
e | | ! | | |
__ | |
DENG, I M\ l /_,_\ l | /_
o T L
—h | —
NOTES:
(1) RO=0;R1=1;R3=1;R5=1
(2) IOCS16 setup time is to the PROCLK which causes YIOR or YIOW to go low as pro-.
grammed by R3. Hold time is from the end of the cycle
(3) DLYWR falling edge is one PROCLK later than YIOW. DLYWR rising edge is coincident
with YIOW rising edge

FIGURE 7-9. 16-BIT I/O TIMING WITH LOW SPEED CPU CLOCK
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DEFAULT CYCLE
| Ts ‘ Tc ! Tw ‘ Tw ‘ Tw ’ Tw
PROCLK \ ] !
| |
51,80 | T
e — | | |

SYSCLK | 1 | |

BALE | l : / \ } I |T [
| | !

ONBRD zzzzzz'{' ZZZZZZZZZ( | \\\\\\\\\\\\\\\\\\\\\\\\\}\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\}\\\\\\\\\
o . fe——T26 —» ’ T78
T B i n l| } ]
m | — : :
‘NoTEZ _.__[—_____T_f ___________ 1
|W5§ _ | / l ' T7 ! |
S i Ty = ;s_-'
e | | | \ i | l |
LDTL____i_‘L_I_\______I_l_ _______ +_|— ;
o = 1 e
wE : . - tj— |
P o = O
| BEve. | [ |
- L )

NOTES

(1) RO =1, R1 = 2; R3 = 4; R5 = 4. NPCS is high during these cycles

(2) IOCS16 setup time is referenced to the PROCLK which causes YIOR or YIOW to go low as

programmed by R3. Hold time is from the cycle end
(3) I/0 read cycle timing

(4) 1/O write cycle timing .

(5) DLYWR falling edge is one PROCLK later than YIOW. DLYWR rising edge is coincident witl
YIOW rising edge

FIGURE 7-10. 16-BIT /O TIMING WITH HIGH SPEED (16 MHZ)
~ CPUCLOCK
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10CS16 |
(NOTE 2) /

DEFAULT CYCLE

| T
T A WY A WY :,
| o

|

| |
A

| L
1

MEMCS16
(NOTE 3) |

| o
e
| o

|
|
|
|
|
i
i |
|
|
|
|
|
|
|

| I~ l'
ABHE | ! | !
|
| [ | NV
" ﬂJ | | | :
SO M =
|
BENT |/ L N |
________________ —_ 17 —_
| ]
|

I DTR | /
L ]

NOTES:

(1) RO = 0; R1 = 1; R3 = 1; R4 = 4. NPCS is high during this cycle

@) I0CS16 affects only I/O cycles

(3) MEMCS16 affects only memory cycles

4) COMMAND means either YIOR, YIOW, YMEMR, or YMEMW

(5) DLYWR is active only in cycles where YIOW is active

(6) Read cycle timing

(7) Write cycle timing

FIGURE 7-11. 8-BIT CYCLE TIMING FOR LOW SPEED CPU CLOCK --
EVEN BYTE ACCESS
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I DEFAULT CYCLE I

DTR

|
|
| ! |
o —
ADRO |
|
RBHE —l_\ [ ’ |
: S T
iin T
| | 1
| T ST
|N0153 | | | 4‘ —: TL _i
|DEN1 | i |\ | /_';
| oma __L_/—I_’—‘\_.: - _J! /_:_—||
= TR iy
G - |
NOTET—|ﬁ+ —————————————————— |_~._l,_<‘
e
\

I SDEN

o
_ly
|
|

ISDEN i
(NOTE 5)

(1) . RO =0; R1 =1;R3 = 1; R4 = 4. NPCS and ONBRD are inactive. IOCS16 is inactive during
I/0 cycles. MEMCS16 is inactive during memory cycles

2 COMMAND means either YIOR, YIOW, YMEMR, or YMEMW

(3) Read cycle timing ’

(4) Write cycle timing

(5) SDEN stays low one additional PROCLK during cycles when YIOW is active

FIGURE 7-12. 8-BIT CYCLE TIMING FOR LOW SPEED CPU CLOCK -
ODD BYTE ACCESS
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NOTES:

(2)
(4)

AL oln| |38
()] A N N r~—
= B L 8 L
[
T
- —— -
A A A A R R R
oy |
w -
- _ | — |
[3) i
>
ad ©
L -yl Y
- =
2 i ;
b t L1
Q _‘_‘—‘_‘_T
A " r A A @R’ QR
_J
v il
o o g
- |- -
o)
X s w
o YL x|z 25z |z « X |Gk
- oj@m O W | £ o |[oaa
clo o < i< 0€la la o & o @

RO =0; R1 =1; R3 = 1; R4 = 4. NPCS and ONBRD are inactive. IOCS16 is inactive during

I/0 cycles. MEMCS16 is inactive during memory cycles
Two additional wait states are not shown

One additional wait state is not shown

COMMAND means either YIOR or YMEMR

FIGURE 7-13. 8-BIT CYCLE TIMING FOR LOW SPEED CPU CLOCK --
WORD READ FROM EVEN ADDESS
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0
u
@]
_ L s P
3
(%) i I O T
- i ot
o DT T
PRI i e
2 RN I S N SN | N
= ™ 4
u 81"
2
¥
A A A A A A R
o
I—L—/
W I I IR N I I A
— [
a F
5 ®
L R
3 RN
< kil el
] I T O N e e
(=] ~ T
w
e
o
P4
v
A A A A " A ®’ R ! R A
—
o
F— o —] — —d
@ — -
2 ik

o

X EN uy

g3y g ‘e*e égts i o '5 =

Tnad22 8281853188
NOTES:
(1) RO =0; R1=1;R3 =1; R4 = 4. NPCS and ONBRD are inactive. IOCS16 is inactive during

I/O cycles. MEMCS16 is inactive during memory cycles
(2) Two additional wait states are not shown
(3) One additional wait state is not shown
(4) COMMAND means either YIOW or YMEMW
(5) SDEN low time extended one PROCLK for I/O write cycles
FIGURE 7-14. 8-BIT CYCLE TIMING FOR LOW SPEED CPU CLOCK --
WORD WRITE TO EVEN ACCESS
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FE3001 .

}2 J» | N |\
—_ .N_..__’____________
: JIE|] |
- o
R "Z.\ﬁ Y !A A @ n A A A R A A
—_ |
y U |
S r -+
(&) I |
5 |
L<L. | — —1
gls _"7|__——<_—_——:‘>/
R BT
@ 4+ ﬁ 1 4+ 4
A A RR A A A A A R A; aga
N Hi oLl Al
T _% T T 1T 11711 f
>~ o
3 z | © | >
= / \ - |-
R A AR R Q’ B rr A 7" AR R
o U
> 2 )
STOlEE e |8
S T O| Ol n
E o z 2
arrC|— I—[‘ YRR
Sl -
e R T
o L ﬁ 4 -
x | T @ & <
O |2 oLI.I u_,\.u OLU —
o'® 2= E < |85 |3k
27 elt yBefiolzfReme
NOTES:
1) R3=1;R4=4
(2) Two additional processor T states not shown
(3) 80286 floats these lines during interrupt acknowledge cycles
4) Because AQ is floating, the state of ADRO is unknown from the rising edge of ALE
until INTA falls, when ADRO is forced low
(5) Because BHE is floating, the state of ABHE (and EBHE ) is unknown
(6) DENO is forced low when INTA falls. It could have gone low at the end of Ts
depending on the state of ADRO
(7) The state of DEN1 follows ABHE and therefore cannot be determined

FIGURE 7-15. INTERRUPT ACKNOWLEDGE CYCLE FOR LOW SPEED CPU
CLOCK
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NOTES:
(1)
&)

T92]

JAREAAAALRANARARAARAAEAARARARARAAARARRARAAAARRARARTURAAAY
A T

T91

)
-

-
O

OCLK

,C_) w
E518 3 = 2
The width of CPURES will be four DMACLK periods
DMACLK is shown as it would be for high speed DMA and a high speed CPU clock or for low
speed DMA and a low speed CPU clock. Refer to Figure 8. Note that the phase of DMACLK
with respect to Ts is uncertain.
CPURES will be asserted on the first PROCLK edge which begins a T state, after an internal
divide by 4 of DMACLK makes a low to high transition. The phase of this internal signal is
impossible to determine, although it changes on the rising edge of DMACLK. CPURES is
shown going active here as early as possible. It could be delayed up to three more DMACLK
periods : ~

READY
VoL
DMACLK
(NOTE 2)
CPURES
(NOTE 3)

FIGURE 7-16. SHUTDOWN CYCLE TIMING
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(1)
@)

(4)

Cycle shown with one wait state (one EADRO/PCLK period) inserted

OUT1, HLDA , and IOCHRDY are asynchronous inputs. Setup times are shown only to
guarantee recognition at a particular edge of EADRO/PCLK

The falling edge of REFRESH is combinatorially generated from HLDA. The rising edge is

controlled by the FE3001

HRQ1 and HLDA1 are not active

| l TO ’ T ’ T2 ’ Tw ’ T3 ’ T4 I
EADRO/PCLK \MSWW
zzzz%% 5(\\\\\\\\;\\\\\\\\\\\\\i\\\\\\\;\\\\\\\\\\\\\\\\\\\\
HOLDRQ o N | ] | | e |
= bt ||| -
(NOTE 2) < /////{ | | ‘ | T98|
N LB | | T
frsices ANV S S S
- ‘ _.} T 99 t | ' —»’ T100
ERFSH : | {;101 I i Il I |
$ e I I ’,‘*———“’2
YMEMR | | 1 } }
| Thos | |<—T103 !
ooreoy \\\\\\\\\\\\ﬂ ' I
NOTES:

FIGURE 7-17. REFRESH CYCLE TIMING
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EADRO/PCLK

HRQ1
| (NOTE 2)

HOLDRQ

HLDA .

HLDA1
(NOTE 3)

BALE

ACK
(NOTE 4)

MASTER
(NOTE 5)

@)
@)

(4)
()

NOTES:

i

| [
T 104

I T
R l
T105 ’ :———““—T ”

|
|
| T107 |\—
T106 | % — * |
\
T108 —»: *—- p —»l T109
% | L
| | < | 1
| k
T110 — J{— b — T112

T111

No refresh cycle is pending

HRQ1 is an asynchronous input. Setup time is shown only to guarantee recognition at
a particular EADRO/PCLK edge

HLDAA1 rising edge will be controlled by the later of the EADRO/PCLK edge shown

or HLDA

ACK will follow the dashed lines shown only when MASTER is asserted

Applicable for Bus Master cycles only ‘

FIGURE 7-18. BASIC HOLD/HDLA TIMING FOR DMA AND MASTER MODE

TRANSFERS
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DMACLK |
| | | |
HLDA f i ! i ! | i 4
l 1 !
HLDA1 ‘ { i l | T I
b L
AEN H‘ | T | | ! k
T114 |
ONBRD M {\l‘_ ﬂ ! ! [ |ﬁ4ﬁ
T T |
ONBRDL | | fTas | | | | |
(NOTE 2) ”Tns | P | ' / | | !
| | | T117
ADRO l L I\ ! | | NOTES | | | _’:)E
T118 —» o ! I | ’
Bro rale T ] T
B, el el penpan il
— '4— i 126 | | | T125 —» tq-—— |
I I I T .
[ > T2 T128 ——’l P
YIOR' Tizg | L / ‘ \ |  NOTEs3 L} a0 s
YMEMW | / | T NOTE 3 | | J
T131 —» & T132 — !4—
DENO ‘\ /
\ T
- ﬂ 134 4-1 r
T133 —» l— L
SDTR ‘ } ﬂ
T135 —» le— T136 —» j—
DMAMR NOTE 3
DLYWR NOTES 3, 8
YMEMR,
viow  Vow
NOTES:
1) No refresh cycles are pending

Eonz

It is the inversion of ADRO

PR
RO

ONBRDL follow ONBRD when HLDA is high
The FE3010 drives these signals when AEN is high
The FE3001 tri-states EBHE when HLDA goes high, but drives it again when AEN is high.

BHE is driven by the FE3001 when HLDAT is high. It follows EBHE
ABHE is the inversion of ADRO while HLDA is high (8-Bit DMA)
DEN1 and SDEN remain high during 8-Bit, even byte transfers
The FE3001 tri-states DLYWR when AEN is high

FIGURE 7-19. DMA TRANSFER TIMING: 8-BIT, /O TO ON-BOARD
MEMORY, EVEN BYTE, WITH NO ADDED WAIT STATES
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OMACLK m_/_\_f-\mm
' - |
HLDA l

HLDA1 |
|
AEN | J

:

' |

¥ |
ONBRD ! I /

| | |——-| 5 : i | |
ONBRDL I | | l | | /

Tite || “~—Ti23 | | ||

ADRO SRR i NOTEZ2 | i |\

| h— 1}118 | ] | — ij?
e 5 RN . | o
( ) = — !
_ ! Ti21 l . T122 ! r_r
EBHE Ti19 ] F ~~~~~ - | | wores . e 1;
o Ti2a " mﬁq% | | T125 - |T126.| Vs
BHE —/ ...... | ) : NOTE6 ! ,,,,,,,,,,, ‘

| T , |
DVANR - [ERRRERS. | | T138| NOTE 2 u | A

| | | — T139 [ T140 | |
YMEMR ) N I r | / ! |

o | . ||
DLYWR | | NOTES2,4 | | r | | |

| | T141 —| T142 | |
YiowW ' i ! * . F' ! |

| T4 —) e Tiaa | !
DENT | | ) | | 1

| | | Y ’
SDEN 1127, | | | 1 T128, |

T129 | Tas | — 5 l-Ti46 T190 —
YIOR, :1_} -4/ NoTE2 N -
YMEMW ,
NOTES
(1) No refresh cycles are pending

(2) The FE3010 drives these signals when AEN is high

(3) The FE3001 tri-states EBHE when HLDA goes high, but drives it again when AEN is high
(4) The FE3001 tri-states DLYWR when AEN is high

(5) ABHE is the inversion of ADRO when HLDA is high

(6) BHE is driven by the FE3001 when HLDAT1 is high. It follows EBHE

(7) DENO and DTR remain high and SDTR remains low during this cycle

FIGURE 7-20. DMA TRANSFER TIMING: 8-BIT, ON-BOARD MEMORY TO
/0, ODD BYTE, WITH NO ADDED WAIT STATES
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‘T1 ‘ TQ‘TS )T4 ‘Tw{Tw}T5 ‘TO ‘TO ’

(%)
(6)

(8)

BHE is driven by the FE3001 when HLDA1 is high. It foliows EBHE

The FE3010 drives these signals when AEN is high

SDEN is high and SDTR is the inversion of DTR for this cycle

DMARDY would follow the dashed line shown for any DMA cycle where IOCHRDY is not
driven low (default timing)

DMAMR, DLYWR, YMEMR, and YIOW timing is the same as for an 8-Bit /O to memory cycle
DMARDY is driven Iow by DMAMR in a Memory to I/O DMA cycle

|
| | |
HLDA ‘ l 4
J; . o |
HLDA1 f ! 'l | ‘ | \
AEN | f | | | | l | |
| T114 Lo | | | |
ONBRD | | | { | | | : | | |/ |
L, | || | |
DACK2 i ' - ' | * |
/ || IT116 | | | | | | Teg | | |
ADRO — <__'| g | | | | | 7l
L ! INOTE 2 | | | »
A L 1 L
o | , \\\\\1\\\}\ N : 'l i [
N T”Q T121 T122 ~+ |-
EBHE ‘LITW \t— j ! : [NOTE 3 | | 1 ] LJ 1 T120
_ | [ Tiee | T125 —f —
BHE || | !NOTE 5 | | F— T128
_ :‘_{7T1 27 ' | | i ' 1
YIOR ) ' i L | INOTE6 | |/ T |
T429 | | | ' | —
YMEMW | t | | R 'NOTE 6 | v | F
| | | | | '
DTR,DENO, ' ' |
e A I —
| | * | [ T150
IOCHRDY | mer | VALY | X [
DMARDY , . T150 1 |“[ =1 =
(NOTE 10) ) [ notEs
NOTES:
(1) No refresh cycles are pending
2) ADRQO is tri-stated when HLDA goes high, then driven again when both DACK2 and AEN
are high(16-Bit DMA)
(3) EBHE is tri-stated when HLDA goes high, then driven again when AEN is high
(4) ABHE is set low when HLDA, DACK2, and AEN are high

FIGURE 7-21. DMA TRANSFER TIMING: 16-BIT, /O TO ON BOARD
MEMORY, WAIT STATE ADDED
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o — |L—T154
e o mr

|
4« T155
ONBRDL | Fﬁ?ﬂ?ﬂ?ﬂ
]
T 70 —
T
PTYERR ‘ }:1~————
(NOTE 2)
[

NOTES:

(1) YMEMR is an asynchronous signal during DMA or MASTER cycles. Setup time is shown for
recognition at a particular edge of PROCLK

(2) PTYERR will be sampled at the first falling edge of PROCLK after YMEMR goes high

FIGURE 7-22. PARITY ERROR TIMING FOR DMA OR MASTER MODE
- TRANSFERS
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HLDA ] ¢ \

| |
HLDA1 ] ‘ L

] o
AEN _U_)(ﬂ 2 / A

N )
WASTER T \ | N ]

T’M | |‘__'l ! lTl?_Z_ l _J T 120

St S S S—— ~1 0

L | [ L
S N | | !Jﬁ 2 T
(NOTE 3) >H | | | 2 X |<

T viea | R |
(NOTE 4 | : : 2 X |

| T116 . Ti57 |

T[T eeTiar 7 i

e 5 X D D) V

T158 —f r — T159
DLYWR ' r !
NOTES:

No refresh cycles are pending

EBHE _is driven by the FE3001 when HLDA is low or AEN is hlgh It is driven by a Bus Master

when MASTER is low

BHE is driven by the FE3001 when HLDA1 is high. BHE will follow EBHE during Master mode

ABHE follows EBHE during Master mode

ADRO is driven by the FE3001 when HLDA is low. It will also be driven by the FE3001 when
AEN is high if DACK2 is high (Bus Master uses DMA channel 5 - 7). ADRO will be driven by

the FE3021 when MASTER is low

FIGURE 7-23. BASIC MASTER MODE TRANSFER TIMING

ADVANCE INFORMATION 11/20/90
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FE3001

* BUS MASTER READ ‘ } BUS MASTER WRITE
ONBRD
—» T115
ONBRDL '
—T 160 —
ADRO J—T 161 _>| \
|
EBHE ‘\t | /
|<—T162 —-‘ '
YMEMR ) /
; |
YMEMW i ! jk }
| | I
— T 163 — T 164
DTR | +- 1 . _>| —
(NOTE 2) ‘ | | }\ |
‘ | —-I le—T 165 —-l T 166
DENO | F
(NOTE 3) | I - ‘
o "7 Ter —{ p—Twes T 167 ] T 168
DEN1 ‘k } ’ [
(NOTE 4) |
NOTES
(1) MASTER is low during these cycles
(2) DTR follows YMEMW during Master Mode
(3) DENO follows YMEMR or YMEMW if both ONBRD and ADRO are low
(4) DENT follows YMEMR or YMEMW if both ONBRD and EBHE are low
(5) SDEN is high during these cycles
FIGURE 7-24. MASTER MODE TRANSFER TIMING: ON-BOARD MEMORY
READ/WRITE
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8-BIT, ODD BYTE
MEMORY WRITE

8-BIT, EVEN BYTE OR
16-BIT MEMORY READ

ONBRD
T 160 —ﬂ

ADRO ‘\{ \ |
“‘”61 _,} /LT161

YMEMR * /

YMEMW

—>‘

T169

wewess ([T T

SDTR
(NOTE 2)

|

Ti71

FE

{— T170
T172

SDEN \l

(NOTE 3) 1

Lo

T173

]

I

(1)  MASTER s low during these cycles

) SDTR follows YMEMW when MASTER is low

3) SDEN follows YMEMR or YMEMW when ADRO, MEMCS16, and ONBRD are high
)

DENO and DEN1 will stay high during-these cycles because ONBRD is high

FIGURE 7-25. MASTER MODE TIMING: OFF-BOARD MEMORY READ/WRITE

7 73 ADVANCE INFORMATION 11/20/90 1-47



FE3001

ADRO —‘{ ) |

—T174 T 174 )

VioR / i

|

YioW \I
wose r JANMRAAAAY

SDTR

T176
1 E—
(NOTE 2) ; *

SDEN ' 1

(1) MASTER is low during these cycles

2) SDTR follows YIOW

(3) SDEN follows YIOR or YIOW when ADRO and I0CS16 are high. ONBRD does not
affect SDEN for 1/O cycles

(4) DENO and DENT1 will stay high during I/O cycles

FIGURE 7-26. MASTER MODE TIMING: OFF-BOARD I/O READ/WRITE
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84-Pin Plastic Chip Carrier (J-bend Leads)

045 - 003
(1.14 . 08 mm)

S PSR 1
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1V

1 Mating Socket: Burndy part number Q1LE84P10

7 ‘ :
d L. ]
045 003 g :
(114 08 mm) E I %
; 450 REF b
d (11 43) ‘ p
d ]
i I ]
i . P E
; | STz g
0 . D 35 g8
g | h 28 =8
[ | E
g
; !
6 PLACES ! | ;
010 MAX . i
i | :
T ’
= 167 075 REF :
— (190 mm)
028 002
(711: 05mm) 170 005
(432 13 mm)

——— .045-.003

—

"

—E>

= |<7 (114 ..08 mm)

.026 .002

(66 05 mm)

098 REF
(249 mm)

010,LED AVA

121386

FIGURE 7-27. 84-PIN PLCC PACKAGING DIAGRAM
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FE3001

APPENDIX A
RECOMMENDED BUS
CYCLE PROGRAMMING

The following tables give recommended values
for programming bus timing registers R0-R8 (see
Figure 5 and Table 3). These tables address only
AT bus timing parameters, as on-board timing is
very application specific. Values are provided for
6.25, 8, 12.5 and 16 MHz system clock speeds.
The recommended values in these tables are
based on emulating an 8 MHz IBM PC/AT Expan-
sion Bus. Two issues that may affect these
recommended values are listed below. Consult ap-
plication notes for additional details.

(1) If the sum of RO and R1 is 3 or greater, then
an internal BALE logic error in first production
FE3001 parts may cause BALE to remain high
from a previous on-board cycle and fall one
PROCLK cycle too early. Widening BALE by one
clock accounts for this.

(2) Some adapter boards decode the SA0-SA19
address lines to generate MEMCS16, a
dangerous practice. However, widening BALE
and delaying the commands relative to an 8 MHz
AT provides relaxed MEMCS16 setup time, which
is needed for some of these boards to function
reliably.

When preparing to select a new CPU clock
speed, it is important to setup the FE3001
registers in a particular order so that BALE and
commands do not become too short during the
programming process. The recommended
programming order for selecting high speed or
low speed CPU clocks are given below:

Selecting High Speed CPU Clock:
R5, R6, R7, R8, R9, R10, R12, R4, R3, R1, RO
Selecting Low Speed CPU Clock:
R5, R6, R7, R8, R9, R10, R12, RO, R1, R3, R4

1-50
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AA 6.25 MHz SYSTEM CLOCK SPEED
REGISTER FUNCTION VALUE

RO BALE delay from ALE leading edge 0
R1 BALE width 1
R3 8-bit memory, 8/16-bit /O - command delay 1
R4 8-bit memory or I/O cycle - wait states 4
R5 16-bit I/0 cycle - wait states 1
R6 16-bit memory cycle - command delay 0
R7 16-bit memory cycle - wait states 1
R8 Minimum number of wait states when

ZEROWS is asserted 0

A2 8 MHz SYSTEM CLOCK SPEED
REGISTER FUNCTION VALUE

RO BALE delay from ALE leading edge 0
R1 BALE width 1
R3 8-bit memory, 8/16-bit I/O - command delay 1
R4 8-bit memory or I/O cycle - wait states 4
R5 16-bit I/O cycle - wait states 1
R6 16-bit memory cycle - command delay 0
R7 16-bit memory cycle - wait states 1
R8 Minimum number of wait states when

ZEROWS is asserted 0

ADVANCE INFORMATION 11/20/90
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A3 12.5 MHz SYSTEM CLOCK SPEED

REGISTER  FUNCTION ~ VALUE
RO BALE delay from ALE leading edge 1
R1 BALE width 2
R3 8-bit memory, 8/16-bit I/0 - command delay 4
R4 8-bit memory or I/O cycle - wait states 8
R5 16-bit 1/0O cycle - wait states 4
R6 16-bit memory cycle - command delay 2
R7 16-bit memory cycle - wait states 4
R8 Minimum number of wait states when '

ZEROWS is asserted 2
A4 16 MHz SYSTEM CLOCK SPEED

REGISTER FUNCTION VALUE
RO BALE delay from ALE leading edge 1
R1 BALE width 2
R3 8-bit memory, 8/16-bit I/O - command delay 4
R4 8-bit memory or I/O cycle - wait states 10
R5 16-bit I/O cycle - wait states 4
Reé 16-bit memory cycle - command delay 2
R7 16-bit memory cycle - wait states 4
R8 Minimum number of wait states when

ZEROWS is asserted 2
1-52 ADVANCE INFORMATION 11/20/90
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INTRODUCTION FE3001A
1.0 INTRODUCTION m
1.1 DESCRIPTION 1.2 FEATURES

The FE3001A contains all of the clock generation e  Programmable CPU and DMA clock generator

and cycle control logic necessary to implement an
IBM AT compatible computer. It is part of the
FE3600B/C chip set intended to simplify the design
of 80286/80386SX based AT computers.

Its features include programmable CPU and DMA
clock generation, system clock generation,
programmable bus timing, programmable wait
state generator, refresh and DMA controls, bus
arbitration logic, NMI generator and parity error
logic, reset/shutdown control, sleep mode, 80286
interface logic and is packaged in an 84-pin PLCC.

System clock generator
Programmable bus timing

Programmable wait state generator

Refresh and DMA controls
Bus arbitration logic

NMI generator and parity error logic

Reset/shutdown control

Sleep mode

80286 interface logic

1.25 micron HCMOS technology
84-pin PLCC

80286

CPU CONTROL

FE3001A

CPU CONTROL

INTERNAL CONTROL

ADDRESS P

AT ADDRESS BUS

FE 3021

ADDRESS BUFFER

AT BUS CONTROL

MEMORY
CONTROLLER

RAM

80287

DATA

FE 3010

ADDRESS

—

DRAM

PROM
(BIOS)

INTERRUPTS & DMA

PERIPHERAL

CONTROL

RAM DATA P

FE 3031

DATA BUFFERS

E DATA I

KEYBOARD
MOUSE

REAL TIME
CLOCK

AT DATA BUS

FIGURE 1-1. FE3600B/C CHIP SET FUNCTIONAL BLOCK DIAGRAM
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LK1 - PROCLK
- DMACLK
CLKHS cLock EADRO/PCLK
CONTROL SYSCLK
CLK14 ——— - TMRCLK
CLK287
PCLK
__AEN L DMARDY SCSTE | YIOR
S DMA e — ] YIOW
DMAMR CONTROL DLY’'D DMAMR
B — YMEMR
: REFRESH —
— YMEMW
MNIO COMMAND ——
gt | CONTROL ALE
" — BALE
so | W
AEN__ 1 nomhE ~_ONBRD | ACK
HLDA GEN EBHE MEMCS16
INTA
SCYCLE [ ABHE
ADRO DTR
BHE | SDTR
RESCPU RESET I0CS16 DENO
] — MEMCS16_ BUS DENI
— RESET _MEMCS16 |
RESIN CONTROL CPURES HLDA CONTROL | SDEN
ONBRD SCYCLE
MAST ONBRDL
PTYERR NMI
_ ERROR D6
IOCHCK CONTROL b7
ouTt HLDA1
_HRQ1 ] | HOLDRQ
BUSY RST287 _HLDA 1 pRIORITY
ERRGH 1RQ13 IOCHRDY|  CONTROL [REFRESH
SRR OO s | Bz2ss _INTA__| | ERFSH
_Cs287 NPCS REFRESH |
FIGURE 1-2. FE3001A BLOCK DIAGRAM
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EADRO/PCLK
PCLK

VDD1
TMRCLK

DMACLK
SYSCLK
vss3
PROCLK
ALE
BALE
CLK287
DTR
DENO
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SDTR

SDEN

12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30
31

32

&33 34 35 36 37 38 39 40 4142 43 44 45 46 47 48 49 50 51 52 Sy

RST287

INTA

CLK14

)

© | HLDA1

o | ERFSH
~ | HOLDRQ
o | RTCALE
o | CPURES
+ | ONBRDL
w | RESET
n | VSS1

- | CLKHS
® | CLK16

-
o

FE3001A

u(f)'-l
>
Q
(2]

I ~ o om
55515(0 2 m;xmz oo aoaQ
<< @ |© w ] [ lraY Q

LU<<>E_|§ >l g >
s u-o>.
B w

o

83 82 8180 79 78 77 76 7N
74

73
72
71
70
69
68
67
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64
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60
59
58
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55
54

VvDD3
PTYERR
CS287
A3

A1

A0
HLDA
OuT1
HRQ1

FIGURE 1-3. FE3001A PIN ASSIGNMENTS
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PIN# SIGNAL TYPE DESCRIPTION
1 CLKHS | High speed clock input. This provides the high
speed clock when selected. When CLK16 (pin 84
is pulled high, this input (divided by two) is used
as the low speed clock.
2 Vss1 Ground.
3 RESET o) Reset to the system.
4 ONBRDL o] ONBRD input latched by ALE internally. Follows
ONBRD when HLDA high.
5 CPURES o Reset to 80286.
6 RTCALE o} Real Time Clock Address Latch Enable
(/O address 70H).
7 HOLDRQ 0o Hold request to 80286 for DMA or Refresh.
8 ERFSH (0] Enable refresh address signal to 3010. Puts
refresh address on address bus.
9 HLDAA1 (6] DMA hold acknowledge signal to FE3010. Not
active during refresh.
10 INTA o Interfupt acknowledge to FE3010.
11 RST287 O Reset to 80287 (Write to 1/0 address F1H or
system reset).
12 Vss2 Ground.
13 BZ286 (0] 80287 busy signal to 80286. Latched low by
80287 ERROR signal.
14 IRQ13 O Interrupt request 13 for 80287 error to FE3010.
15 NMI (0] Non-Maskable Interrupt to 80286. Generated in
response to a parity error or bus IOCHCK.
16 NPCS 0} 80287 Co-processor chip select. (I/O Addresses
F8H, FAH and FCH).
17 EADRO/ (0] 7.16 MHz clock for keyboard controller/ EADRO for
PCLK AT bus.
18 PCLK (6] Inverted PCLK for keyboard controller.
19 Vbp1 +5V Vpp.
20 TMRCLK (0] 1.19 MHz timer clock to FE3010.
21 DMACLK (6] Software selectable clock for DMA to FE3010.
TABLE 1-1. SIGNAL DESCRIPTIONS
2-4 ADVANCE INFORMATION 10/24/90
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PIN# SIGNAL TYPE | DESCRIPTION

22 SYSCLK O System clock needed for bus timing.

See description in synchronization section.

23 Vss3 Ground.

24 PROCLK o Software selectable 80286 /80386SX clock.

25 ALE o Local Address Latch Enable.

26 BALE (0] Bus Address Latch Enable. (Programmable)

27 CLK287 (6] Clock for 80287. See clock section for details.

28 DTR O Data direction to FE3031 data buffer.

29 DENO 0] Low byte PC/AT Bus data enable to FE3031 data
buffer.

30 DENT1 (6] High byte PC/AT Bus data enable to FE3031 data
buffer.

31 SDTR (0] PC/AT Bus byte swap direction to FE3031 data
buffer.

32 SDEN 0] PC/AT Bus byte swap enable to FE3031 data
buffer.

33 SCYCLE (0] Latch low byte during byte swap read.

34 ACK (0] DMA or Refresh Acknowledge signal to the PC/AT
bus.

35 READY O Ready to 80286.

36 DMARDY O When high allows FE3010 to complete a DMA
cycle.

37 ABHE (0] High byte enable for devices on local bus.

38 Vss4 Ground.

39 REFRESH I/0 Refresh cycle. Generated from FE3010 timer
signal OUT1 or externally from the bus.

40 DLYWR I{e} YIOW delayed to the FE3010, active edge delayed
one PROCLK. Input from FE3010 during DMA to
generate YIOW.

41 YMEMR I/0 Memory read. Input during Master cycle.

42 YMEMW /0 Memory write. Input during HLDA cycle.

43 YIOR /0 I/O read. Input during HLDA cycle.

TABLE 1-1. SIGNAL DESCRIPTIONS (Continued)
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PIN# SIGNAL TYPE DESCRIPTION

44 Vsss Ground.

45 YIOW /0 1/O write. Input during Master cycle.

46 EBHE e} High byte enable to expansion bus. input during
Master cycle.

47 ADRO IO Low byte enable. Latched with ALE during a CPU
cycle, driven low during 16-Bit DMA cycles. )

48 BHE 110 High byte enable from the 80286. Output during
Master and DMA cycles for use by the FE3021.

49 D6 Ie] Peripheral data bus bit 6.

50 D7 /o - Peripheral data bus bit 7.

51 Vpb2 +5 V Vpp.

52 D2 I Peripheral data bus bit 2.

53 D3 | Peripheral data bus bit 3.

54 DMAMR | DMA memory read from DMA controller.

55 RESIN | System reset input.

56 RESCPU | CPU reset input from keyboard controller.

57 MEMCS16 | Signals 16-bit memory transfer capability on the

PC/AT bus.

58 I0CS16 | Signals 16-bit I/O transfer capability on PC/AT bus.

59 ZEROWS | Zero wait state bus cycle request. See description
for more details.

60 ONBRD | 16-bit on-board DRAM memory, BIOS, or l/O
device. Implies local memory on memory cycles
and fast I/0 bus timing for I/O cycles.

61 MASTER | Master on PC/AT bus has control of the bus when
asserted.

62 IOCHRDY | | Current bus cycle may complete when high. May
be used to extend CPU, DMA, or refresh cycles.

63 BUSY | 80287/80387SX co-processor busy.

64 ERROR | Error from 80287/80387SX.

65 Vsss Ground.

TABLE 1-1. SIGNAL DESCRIPTIONS (Continued)
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PIN SIGNAL TYPE | DESCRIPTION

66 HRQ1 | Hold request from DMA controller in FE3010.

67 OouT1 | Refresh timer input from FE3010.

68 HLDA | Hold acknowledge from 80286.

69 A0 | Local 80286 address bus 0.

70 A1l | Local 80286 address bus 1.

69 AO | Local 80286 address bus 0.

70 ~A1 I Local 80286 address bus 1.

71 A3 | Local 80286 address bus 3.

72 CS287 [ 80287 select decode from FE3021 (OEOH - OFFH) during 1/0O
cycle. ROM chip select decode during memory cycle..

73 PTYERR | On-board RAM parity error. Sampled on the first
falling edge of PROCLK after YMEMR goes high.

74 VbD3 +5 V Vpp.

75 IOCHCK | Error from PC/AT bus.

76 NMICS I NMI port enable decode (07XH). Also used for
programming bus control registers.

77 PBCS | Port B chip select decode (061H - 06FH, 0DD).
See register description for decode definitions.

78 AEN | DMA cycle enable from FE3010.

79 DACK2 | 16-bit DMA acknowledge from FE3010.

80 M/ 10 | 80286 memory/IO select. High indicates memory

halt, or shutdown cycles. Low indicates 1/0 or
interrupt acknowledge cycles.

81 S1 [ 80286 Status 1.

82 ) | 80286 Status 0.

83 CLK14 | 14.318 MHz clock input used to derive TMRCLK, EADRO/PCLK,
and PCLK.

84 CLK16 | 16 MHz clock input. This provides the low speed CPU clock for

8 MHz operation. When this pin is pulled high, CLKHS + 2 is
used as the low speed clock.

TABLE 1-1. SIGNAL DESCRIPTIONS (Continued)
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FUNCTIONAL DESCRIPTION

2.0 FUNCTIONAL DESCRIPTION
21  FUNCTIONAL OVERVIEW

The FE3001A is designed to run with the FE3010
peripheral controller, and the FE3021 and FE3031
buffers/memory controls to create a 16 MHz or 20
MHz PC/AT compatible system. The basic ar-
chitecture of an AT compatible system using the
FE3600B/C chip set involves putting the system
DRAM on the local data and command bus, allow-
ing high speed access. The BIOS ROM can be put
on the local bus or expansion bus; the FE3021 has
special provisions to use the ROM on the higher
speed bus. During accesses to local memory, the
data buffer controls in the FE3001A prevent data
collisions between the local and expansion buses.
The FE3021 and FE3031 also inhibit memory read
and write signals to the expansion bus for local
memory accesses.

The FE3001A generates all of the clocks needed in
the system. The CPU clock to the 80286/80386SX
processor (PROCLK) is programmable, as is the
DMA clock for the DMA controller in the FE3010
(DMACLK). The expansion bus clock (SYSCLK)
and coprocessor clock for the 80287 (CLK287)
automatically adjust to the current operating con-
figuration. The clock for the timers in the FE3010
(TMRCLK) is fixed at 1.19 MHz, and the clocks for
the keyboard controller (PCLK and PCLK) are fixed
at7.16 MHz.

The FE3001A has registers to delay the five com-
mands (memory read and write, /O read and write,
interrupt acknowledge) during a CPU cycle and
control the length of the commands based on
various input signals (16-bit memory, 16-bit 1/O,
on-board memory, fast 16-bit /O device, and zero
wait state device). On power-up, these registers are
loaded with values to run the system with a 16 MHz
PROCLK (8 MHz system) with full AT compatibility
and no register programming necessary. Before
switching to high speed operation, it is necessary
to program the registers for proper bus emulation.
These registers eliminate the need to either slow
down the processor for expansion bus operations
or run the bus asynchronously. Note that a 16 MHz
system can be made to exactly match the bus
timing of an 8 MHz system.

22 CLOCK GENERATOR

This module generates clocks for the CPU, DMA,
8042 keyboard controller, timer and 80287 numeric
processor. The CPU clock is software selectable for
low speed or high speed CPU operation. The DMA
clock is also software selectable between standard
and high speed. The 80287 clock is fixed at the low
speed CPU clock.

2.2.1 PROCLK

The CLK16 and CLKHS input clocks to the
FE3001A are used to create the low speed and high
speed clocks to the CPU. The CLKHS input is used
when the high speed CPU clock is selected. If the
CLK16 input is connected to an oscillator, it will be
used when the low speed CPU clock is selected
(typically from 6 to 8 MHz CPU speed). Alternative-
ly, if CLK16 is tied high through a pullup resistor,
then CLKHS + 2 willbe used as the low speed clock,
saving an oscillator.

The CPU clock circuitry ensures a glitchless speed
switch. PROCLK will be held high at no more than
1 1/2 clock periods of the clock being selected in
order to achieve synchronization. Since SYSCLK
and DMACLK are based on PROCLK, they will also
switch speeds without glitches.

222 DMACLK

DMACLK can be software selected between stand-
ard speed and a special high speed mode. Stand-
ard speed provides a 4 MHz DMA clock to the DMA
controller on a 16 MHz system, the same as an 8
MHz IBM PC/AT. This will be the most common
selection of DMA speed. Selecting high speed
DMA runs the DMA controller at twice standard
speed. This would likely be confined to special
dedicated systems where only well defined DMA
peripherals that can run that fast are used.

DMACLK is PROCLK +4 when the low speed CPU
clock is selected. DMACLK is PROCLK + 8 when
the high speed CPU clock is selected. When R13
bit 7 is set, DMACLK is PROCLK +12 at high speed.
DMACLK will always change on CPU “t” state boun-
daries, but no other synchronization is attempted.
The previous discussion applies to standard speed
DMA. If high speed DMA is selected, it runs twice
as fast in all cases.

2-8 ADVANCE INFORMATION 10/24/90 ?',
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FE3001A
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FIGURE 2-1. SYSCLK TIMING DURING HIGH SPEED OPERATION
2.2.3 CLK287 2.2.6 Stopping the Clocks (Sleep Mode)

CLK287 is always the same as the low speed CPU
clock. It is not affected by speed switching. It
follows CLK16 if that input is toggling or is CLKHS
+ 2 if CLK16 is pulled high.

224 SYSCLK

When the low speed clock is selected, SYSCLK is
PROCLK + 2. During high speed operation,
SYSCLK is PROCLK + 4. When R13 bit 7 is set,
SYSCLK is PROCLK + 6. In the high speed case,
SYSCLK is brought into synchronization with the
PC/AT bus at the end of ALE. See Figure 4 for
SYSCLK functional timing.

2.2.5 PCLK/EADRO, PCLK, and TMRCLK

The CLK14 input is used to generate
EADRO/PCLK, PCLK, and TMRCLK. It must be
14.31818 MHz in order for TMRCLK to be 1.1932
MHz, as required for the timers in the FE3010 to be
AT compatible. TMRCLK is CLK14 + 12.
EADRO/PCLK is CLK14 +2 (7.16 MHz). PCLK is
the complement of EADRO/PCLK. EADRO/PCLK
and PCLK can be used to drive the 8042 keyboard
controller.

During power up, PCLK/EADRO will behave like
PCLK. When RESIN goes high while RESET is
low, the DMAMEMR input will be sampled. If
sampled high, this pin will behave as PCLK until the
next rising edge of RESIN. If sampled low, this pin
will behave as EADRO. See Section 2.5.4 for
details.

Software may put the FE3001A in sleep mode by
setting port 063H bit 6. In sleep mode, PROCLK
and DMACLK will be stopped at a high level.
SYSCLK will also be stopped, but at an indeter-
minate logic level. DMACLK and PROCLK will
each stop on their rising edge of phase 2 after
HLDA is seen active by the FE3001. Typically, this
would be the first refresh cycle after the sleep bit is
written. SYSCLK will stop with PROCLK.

By stopping these clocks, power can be conserved
in battery operated systems. Note that a static
CMOS 80286 must be used in order to stop the
CPU clock. EADRO/PCLK, PCLK, TMRCLK, and
CLK287 will continue to run in sleep mode, allowing
the keyboard controller, timers, and coprocessor to
operate. Either a keyboard interrupt or a system
clock interrupt is a likely choice to wake the CPU

up.

To restart the clocks (wake up the CPU), the
RESCPU input must be pulsed low. The rising
edge of RESCPU wiill kick off internal synchroniza-
tion that will restart the clocks roughly 2
EADRO/PCLK periods later. No glitches will occur
on the clocks as a result of arestart. Also note that
the pulse on RESCPU will not reset the CPU if the
FE3001A is in sleep mode. Refer to Application
Notes for information on external logic needed to
implement sleep mode.

7 ADVANCE INFORMATION 10/24/90
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FUNCTIONAL DESCRIPTION

23 COMMAND CONTROL

This module generates the 1/O read and write com-
mands, memory read and write commands, inter-
rupt acknowledge, ALE and BALE from S1, SO, and
MNIO. It also controls the number of wait states
used during each CPU cycle. See the register
descriptions for programming information. For
recommended program values, refer to Appendix
A.

2.3.1 On-Board Cycles

When the ONBRD signal is active, then this cycle
is directed toward 16-bit, high speed local DRAM,
BIOS, or I/0. The timing for this cycle is defined by
registers R9, R10, and R12. The AT bus timing
signals MEMCS16 and IOCS16 have no effect.
IOCHRDY can be used to lengthen the cycle, and
indeed is used by the FE3021 to add wait states for
a DRAM page miss or EMS cycles.

The wait states for on-board reads and writes are
individually programmable by registers R9 and R10
in order to optimize DRAM access speed. Both
memory and I/O cycles use these values. The
command delay for on-board /O cycles is set by
register R12. The command delay for on-board
memory cycles is always zero.

2.3.2 AT Bus Cycles

All /O and memory cycles where ONBRD is inac-
tive will be directed to the AT bus. The command
delay and wait states are programmable for each
type of AT bus cycle.

Memory cycles use 16-bit timing when MEMCS16
is driven low_before either the memory command
(YMEMR or YMEMW) is programmed to go active
or BALE falls, whichever is earlier. 1/O cycles use
16-bit timing when IOCS16 is driven low before the
I/O command (YIOR or YIOW) is programmed to
go active. Otherwise, all cycles use 8-bit timing.

ZEROWS can be driven low for either 8-bit or 16-bit
cycles to terminate the cycle early. As on the AT, it
should not be driven until a command is active. It
will cause the cycle to end after the prescribed
minimum number of wait states in register R8 is
met. Note that the FE3001A contains circuitry to
ensure that an AT bus cycle will end (command
goes high) on arising edge of SYSCLK and will add
a wait state if needed to enforce this. This
synchronization circuitry will override_register
programming and the IOCHRDY and ZEROWS
inputs.

2.3.3 Other Cycles

Interrupt acknowledge cycles follow the same com-
mand timing as an 8-bit AT bus cycle. HALT cycles
do not generate ALE, BALE or cause the READY
output to go high. Effectively, the FE3001A does
not respond to a HALT cycle. ASHUTDOWN cycle
is handled like a HALT, except that it causes the
CPURES line to be pulsed, resetting the CPU only.

2-10
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FE3001A

24 BUS CONTROL

This module generates the data buffer controls for
CPU, DMA, and refresh cycles. DENO and DEN1
are used to enable the lower and upper bytes of the
FE3031 AT bus data buffers, respectively. DTR
sets the direction of these buffers. SDEN and
SDTR control the enable and direction of a buffer
which transfers data between the upper and lower
bytes of the AT data bus. The rising edge of
SCYCLE latches data on the lower byte of the AT
bus into the FE3031, needed for 16-bit to 8-bit bus
conversion cycles. ONBRDL is ONBRD latched by
ALE to keep it valid throughout the cycle.

The ONBRD signal is used to indicate on-board
DRAM and /O operations. On-board memory and
fast on-board 1/0 devices are assumed to be 16-bit
devices. During CPU cycles which access on-
board memory, the AT data buffers will be disabled.
For Bus Master and DMA cycles, ONBRD must be
decoded only for on-board memory.

25 AO/BHE GENERATOR

This module generates the system ADRO, ABHE,
EBHE, and EADRO using A0 and BHE from the
80286 CPU and AEN and DACK2 from the DMA
controller in the FE3010.

2.5.1 ADRO

During CPU cycles, A0 from the 80286 is latched
with ALE to produce ADRO. For 16-bit DMA trans-
fers and interrupt acknowledge cycles, ADRO is
forced low so that the low byte of the data bus is
activated. For all other CPU hold conditions ADRO
is tri-stated. The FE3001A performs two cycles
when the CPU attempts a 16-bit operation to an
8-bit device on an even address boundary. ADRO
is automatically forced to one at the start of the
second cycle to select the second byte.

25.2 ABHE

ABHE is the local upper byte select used by the
FE3031. During CPU cycles, ABHE is BHE latched
with ALE. It is forced low during 16-bit DMA
(DACK2 and AEN inputs high) so that the upper
byte is always selected. For 8-bit DMA, it is the
inversion of ADRO so that only one byte is selected
at a time. During master mode, ABHE follows the
EBHE input.

25.3 EBHE

EBHE is the upper byte select of the AT bus. During
CPU cycles, EBHE is ABHE latched with BALE to
provide proper AT bus timing. During DMA, EBHE
follows ABHE. During refresh the EBHE output is
disabled. Itis an input during master mode trans-
fers.

2.5.4 EADRO

EADRO is the lower byte select of the AT bus.
During CPU cycles, EADRO is ADRO latched with
BALE to provide proper AT bus timing. During DMA
and refresh, EADRO follows ADRO. This pin will
disable during master mode transfer.

% ADVANCE INFORMATION 10/24/90
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FUNCTIONAL DESCRIPTION

2.6 PRIORITY CONTROL

The priority control module generates the hold re-
quest signal to. the CPU in response to a request
from the DMA controller or refresh timer. '

2.6.1 Refresh Cycles

The FE3001Agenerates a hold request in response
to a rising edge on the OUT1 input, signalling that
arefresh cycle is needed. Arefresh cycleis initiated
when HLDA comes back from the CPU. The
FE3001A refresh state machine drives REFRESH
low to signal a refresh cycle to the AT bus, and sets
ERFSH low to the FE3010 to enable the refresh
address onto the CPU address bus. YMEMR will
also be strobed low during a refresh cycle. Refer
to the timing diagrams for more detail. Note that
REFRESH is a bidirectional open-collector signal,
and a refresh cycle can be started by an expansion
card.

2.6.2 DMA Cycles and Request Arbitration

Requests for control by the DMA controller are
made by taking the HRQ1 input high. The FE3001A
grants control to the DMA controller by setting
HLDAT1 high.

When the FE3001A receives a HLDA, it grants
control either to the refresh state machine
(REFRESH goes low) or to the DMA controller
(HLDA1 goes high). Priority is given to the refresh
state machine in the event of simultaneous re-
quests. Note that if simultaneous requests do exist,
then HOLDRQ will not be dropped after the first
requestis satisfied. Instead, the FE3001A will grant
control sequentially to both requestors with the
same HLDA.

2.7 DMA CONTROL

This module generates the DMARDY signal for the
FE3010 peripheral controller. This signal indicates
that the DMA may complete its cycle. The module
also generates YMEMR during DMA by delaying
the leading (falling) edge of the FE3010 DMAMR
signal by one DMA clock.

2.8 ERROR CONTROL

This module generates a non-maskable interrupt
(NMI) to the 80286 when a parity error or system
bus error is encountered. Parity error, system bus
error or NMI can be enabled or disabled from
software. They are all disabled on system reset.

The PTYERR inputis examined each time YMEMR
goes high and it is an on-board cycle (ONBRDL
low). The state of the PTYERR input is actually
latched on the first falling edge of PROCLK after
YMEMR goes high for all on-board CPU reads.
When HLDA is active, the PTYERR input is
sampled on the riding edge of YMEMR. If PTYERR
was high, it signals a parity failure and will generate
an NMI to the CPU if enabled. However, when R13
bit 6 is set, FE3001A will disqualify the PTYERR
with the CS287 signal. So, NMI will not be
generated for ROM cycles. This can eliminate the
external glue | ogic. The PTYERR from FE3031
can be connected to PTYERR input of the FE3001A
directly. The parity error latch can be cleared by
disabling and then enabling parity errors.

The IOCHCK input is driven low by a device on the
AT bus to signal a catastrophic error, such as a
parity error on a plug-in RAM card. A low on the
IOCHCK input will generate an NMI to the CPU if
enabled. The error condition can be cleared by
disabling and then enabling IOCHCK. However,
the IOCHCK input must also be reset high or it will
generate another NMI.

When the CPU receives an NM|, it can interrogate
I/O register 061H (PORT B) to determine whether
a parity error or an IOCHCK is the source of the
interrupt. Note that this is the only time the
FE3001A will drive the data bus. All other /O
locations are write only. Also, only bits 6 and 7 will
be driven during the read. The FE3010 will supply
the 6 lower order bits.

2-12

ADVANCE INFORMATION 10/24/90

N



FUNCTIONAL DESCRIPTION
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29 COPROCESSOR INTERFACE

The coprocessor interface module provides the
system interface to the 80287 numeric processor
extension. The reset and chip select to the 80287
are generated in this module in addition to the busy
signal to the CPU and interrupt request 13 to the
interrupt controller.

In a FE3600B/C system, as in any PC/AT com-
patible system, ERROR from the 80287 coproces-
sor is not connected to the ERROR input on the
80286/80386SX. Instead, the ERROR input on the
80286/80386SX is tied high, while BUSY and inter-
rupt request 13 are used to flag errors. The
FE3001Ahas aBZ286 output which connects to the
BUSY input of the 80286/80386SX. It also has
ERROR and BUSY inputs which hook to those
outputs from the 80287/80387SX.

Normally, BZ286 just follows the BUSY input. How-
ever, when ERROR goes low while BUSY is low,
IRQ13 will go active to signal the CPU that a
coprocessor_error has occurred. IRQ13 will stay
active until ERROR goes back high. Also, BZ286
will be latched low to prevent another coprocessor
instruction from being loaded. BZ286 will stay low
until either the 80287/80387SX is reset or there is
a write to /0O address OFOH. When either of these
occurs, then BZ286 will return to following the
BUSY input.

The FE3001A RST287 output connects to the
80287 RESET input. This allows the coprocessor
to be reset through software by an I/O write to

address OF1H. It will also be reset when the system
RESET output is active.

The FE3001A expects the CS287 input to be active
for addresses OEQH-OFFH. This is used to provide
the NPCS chip select decode output for the 80287.
It will be active for addresses OE8H-OEFH and
O0F8H-OFFH when INTA is high and M/ 10 from the
CPU was low for this cycle.

2.10 RESET ONTROL

This module generates the CPURES signal which
is used to reset only the 80286/80386SX and the
RESET signal which resets the rest of the system
(including the FE3001A). The RESIN input causes
a full system reset when driven low. Both CPURES
and RESET will go active for as long as RESIN is
low and for at least 30 PROCLK cycles after RESIN
goes high.

The RESCPU input, when driven low, causes only
the CPURES output to go high. RESCPU would
normally be connected to both the 8042 keyboard
controller and the FE3021 (to provide “hot” reset).
The CPURES output will stay high for at least 16
CPUCLK periods, longer if RESCPU remains low.
CPURES will also go high for 16 CPUCLK periods
if the 80286 executes a shutdown cycle.

M/I0 S1 S0 TYPE OF BUS CYCLE
0 0 0 Interrupt Acknowledge
0 0 1 I/O Read
0 1 0 I/0O Write
0 1 1 None, not a status cycle
1 0 0 Halt (if A1 =1) or Shutdown (if A1 = 0)
1 0 1 Memory Read
1 1 0 Memory Write

TABLE 2-1. BUS CYCLES

N
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2.11  GENERAL NOTES

ONBRD must not be active during interrupt ac-
knowledge cycles.

For memory cycles with ONBRD asserted, the sys-
tem will use the MDATA bus of the FE3031 for data
transfers. For 1/0 cycles with ONBRD asserted, the
system will use the expansion bus (DATA) of the
FE3031 for data transfers.

On-board I/0 devices must drive /IOCS16 in order
for a Bus Master to access them as 16-bit devices.
Otherwise, SDEN will go low for Bus Master /O
cycles where ADRO is high.

Inputs CLK16, BUSY, ERROR, DLYWR,
YMEMR, YMEMW, YIOR, YIOW, ADRO, BHE and
CS287 have internal 100k Q (approx.) pullup resis-
tors.
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FE3001A

3.0 FE3001A REGISTERS

3.1 ERROR CONTROL REGISTER (061H),
READ/WRITE

The error control register contains masks for the
on-board RAM parity check and I/O channel check
signals. It also provides a read port to check the
status of these signals.

7 6 5 4 3 2 1

0

061 (RD) X | X[ X | X | X

X

L 1/0 CH CHK FROM PC/AT BUS

(ACTIVE HIGH)

PARITY ERROR (ACTIVE HIGH)

7 6 5 4 3 2 1 0
061(WR) | X | X | X | X X | X

0= ENABLE I/0O CH CHK j
1= DISABLE I/0O CH CHK

0= ENABLE PARITY CHECK
1= DISABLE RAM PARITY CHECK

FIGURE 3-1. ERROR CONTROL REGISTER, READ/WRITE

?f ADVANCE INFORMATION 10/24/90
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3.2 SPEED SELECT (063H), WRITE

The speed select register controls the speed of the
CPU and DMA clocks. This register is also used to
stop the CPU (sleep mode) and unlock the com-
mand control and speed select registers for access.
The lock bit must be reset and D7 must be low to
change speed or stop clocks.

The stop clock bit stops all the clocks except for the
timer clock, coprocessor clock, and keyboard con-
troller clocks. This allows refresh to continue. Bits
2, 3, and 6 in the register are cleared and bit 7 is set
by system reset.

76 543210
063 (WR) XX XX

I_ 0= CPU SPEED - CLK16
1= CPU SPEED - CLKHS

| 0=DMA SPEED - STANDARD

1 = DMA SPEED - HIGH SPEED
(2 X STANDARD)

1 = STOP CPU & DMA CLOCKS

0 = UNLOCK & WRITE REGISTERS
1 = LOCK COMMAND REGISTERS

FIGURE 3-2. SPEED SELECT, WRITE
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3.3 NMI ENABLE (070H), WRITE u

The NMI enable register contains the mask for NMI
to the 80286. Bit 7 is set on power-up.

070 (WR) X | X[ X | x| x| x|X

0= ENABLE NMI
1= DISABLE NMI

FIGURE 3-3. NMI ENABLED, WRITE
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3.4 COMMAND CONTROL REGISTERS

(072H,073H), WRITE

The timing of the command controls on the expan-
sion bus is programmable via the command control
registers. These registers control the timing of
BALE, YMEMR, YMEMW, YIOR, YIOW, INTA and
the number of wait states in a CPU cycle. This
section describes the programming of these

registers. Recommended program values for CPU
clock speeds of 16, 25, 32 and 40 MHz are
provided in Appendix A.

The programmable bus signals are shown in Figure
3-4. A summary of the timing registers is shown in
Table 3-1. :

T T R ] W] W ] ]
PROCLK ./
| | 5 J
ALE A |
iy —— |
BALE f \ 1
COMMAND _ / . \ )Iﬁ

FIGURE 3-4. PROGRAMMABLE COMMAND TIMING

REG BITS FUNCTION WAVEFORM DEFAULT RANGE
Ro 2 BALE delay from ALE leading edge A 0 0-3
R1 4 BALE width B 1 1-3
Ro Not used

R3 4 8-bit mem., 8/16 bit I/O-command delay C 1 0-15
R4 4 8-bit operation - wait states D 4 0-15
Rs 4 16-bit I/0O operation - wait states D 1 0-15
Rs 4 16-bit mem. - command delay C 0 0-15
Rz 4 16-bit memory operation - wait states D 1 0-15
Rs 4 Minimum number of wait states when D 0 0-15

ZEROWS is asserted - wait states

Ro 4 On-board 16-bit read cycle - wait states D 1 0-15
Riwo 4 On-board 16-bit write cycle - wait states D 1 0-15
R11 Not used

Ri2 4 On-board I/0 op. - command delay C 1 0-15
Riz 4 Enhanced Features Enable N/A OFF N/A

TABLE 3-1. SUMMARY OF COMMAND TIMING REGISTERS

¢  Command delay is number of PROCLKSs from end of Ts
. Each wait state is two PROCLKSs.
. One wait state may be added in high speed mode for synchronization.
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3.5 COMMAND REGISTER

POINTER (072H)

The command register pointer points to one of 11
registers at location 073H. Each register contains a
command timing parameter based on the selected
CPU clock. Whichever register number is loaded in
bits 7, 6, 3, and 2 in location 072H is the register
which is loaded with the next write to address 073H.

Refer to Table 3-5 for details.

7 6 4 3 2
072 (WR) 3 | r2 X |1 |10
L REGISTER NUMBER =r
7 6 4 3 2
073(WR) | d3 | d2 X | di | do
L REGISTER VALUE = d
FIGURE 3-5. COMMAND REGISTER POINTER

ADVANCE INFORMATION 10/24/90
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FE3001A REGISTERS

3.6 BALE TIMING (Ro,R1)

The leading edge and width of BALE are controlled
by these two registers. BALE delay is defined as
the number of PROCLK cycles from the leading
edge of ALE. BALE width is the width in PROCLK
cycles.

Default values:  Delay (Ro) - 0

Width (Ry) - 1
3.7  8-BIT MEMORY AND 8/16 BIT (Ra)

This register controls the command delay for 8 bit
memory and 8/16 bit /O operations. Command
delay is defined as the number of PROCLK cycles
from the trailing edge of ALE to the start of the
command.

Default value: Command Delay (R3) - 1

3.8  8-BIT MEMORY AND I/O
WAIT STATES (R4)

This register controls the number of wait states for
8 bit operations. The number of wait states is the
number of CPU wait states required for these
operations.

Default value: ~ Wait States (R4) - 4

3.9  16-BIT I/O WAIT STATES (Rs)

This register controls the number of wait states for
16-bit /O cycles. These cycles are indicated by the
assertion of IOCS16. The number of wait states is
the number of CPU wait states required for this
operation.

Default values:  Wait States (Rs) - 1

3.10 16-BIT AT BUS MEMORY TIMING (Re,R7)

These registers control the command delay and
number of wait states for 16-bit memory operations.
These_cycles are indicated by the assertion of
MEMCS16. Command delay is defined as the num-
ber of PROCLK cycles from the trailing edge of ALE.
The number of wait states is the number of CPU
wait states required for this operation.

Default values: Command Delay (Rs) - 0

Wait States (R7) - 1

3.11 ZEROWS BUS CYCLE WAIT STATES

This register sets the minimum number of wait
states which must occur before the assertion of the
ZEROWS signal can terminate a cycle.

Default values:  Wait States, ZWS (Rsg) - 0

3.12 ON-BOARD MEMORY TIMING (R9,R10)

These two registers control the number of wait
states for on-board operations. These cycles are
indicated by the assertion of ONBRD during CPU
cycles. Command delay is zero for all on-board
memory operations. The number of wait states is
the number of CPU wait states required for this
operation. There are separate registers to program
the number of wait states for read and write opera-
tions to give the system designer added flexibility
and potential for greater speed.

Default values:  Wait States,Read (Rg) - 1

Wait States,Write (R1o) - 1

2-20
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3.13 ON-BOARD I/0O TIMING (R12)

This register controls the command delay for 16-bit
on-board I/O operations. These cycles are indi-
cated by the assertion of ONBRD during CPU 1/O
cycles. Command delay is defined as the number
of PROCLK cycles from the trailing edge of ALE.
The number of wait states for on-board I/O is
defined by the on-board memory registers
described above. Additional wait states can be
added by using the IOCHRDY signal.

Default values:  Command Delay (R12) - 1

3.14 ENHANCED FEATURES ENABLE (R13)

Bit 2 provides one extra CPU cycle (2 CPUCLKSs)
data hold time for AT bus cycles at high speed. Bit
3 must be programmed to '0’. When Bit 6 is set,
CS287 will be treated as ROMCS for all memory
cycles. Bit 7 enables SYSCLK = PROCLK + 6 and
DMACLK = PROCLK + 12 option at high speed.

3.15 CLEAR 80287 BUSY (OFOH), WRITE

When an error signal is received from the 80287,
the BZ286 signal is latched low. The latch is
cleared by an OUT instruction to this port. The
output data is don’t care.

3.16 RESET 80287 (OF1H), WRITE

An OUT instruction to this port generates a reset to
the 80287.

.'f, ADVANCE INFORMATION 10/24/90
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PACKAGE

4.0 PACKAGE

The FE3001 is packaged in a 84-pin PLCC.

5.0 ABSOLUTE MAXIMUMRATINGS

Ambient

Temperature (operating): . . ... .. 0°to+70°C

Storage Temperature: ......... -40° to +125° C

Voltage on any pintoground: ... -.5Vto+7V

Power Dissipation: ........... 400 mW

6.0 DC CHARACTERISTICS

Refer to Table 6-1 below.

SYMBOL PARAMETER MIN MAX UNIT TEST CONDITION
Vi Input LOW Voltage 0.8 \'
VIH Input HIGH Voltage 2.0 \'
loL LOW V Output Current’* 4 mA VoL=04V
loH HIGH V Output Current’ -4 mA  VoH=2.4V
loL LOW V Output Current® 20 mA  VoL=04V
loH HIGH V Output Current? -8 mA  Vou=24V
VoHc PROCLK Out HIGH Volt 3.8 \' IoH= -2 mA
Vpbp Supply Voltage (Any Vpp) 4.75 5.25
Ipp Supply Current (Total) mA
loL Low V Output Current? 8 mA VoL=0.4V

TABLE 6-1. DC CHARACTERISTICS

. 1. Output currents _are for DMACLK, TMRCLK, PCLK, PCLK, CLK287, CPURES, ALE, RTCALE, DTR, SDTR,

DENO, DEN1, SDEN, SCYCLE, READY, DMARDY, NPCS, RST287, BZ286, IRQ13, NMI, HOLDRQ, ERFSH,

HLDA1, INTA, DLYWR, ABHE, BHE, ONBRDL.

* 2. Outputcurrents are for RESET, YMEMR, YMEMW, YIOR, YIOW, D6, D7, ADRO, SYSCLK, BALE, EBHE, ACK.

e 3. Output current for REFRESH should be 20 mA at 0.4V. This is an I/O pin which is only driven low in output
mode. ltis in a tri-state condition otherwise. A 300 ohm pullup resistor is needed to bring the output high.

* 4. Output low current for PROCLK.
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7.0  FE3001A TIMING PARAMETERS
(Ta=0" to 70°C, Vpp=4.5 to 5.5V,CL=50pf)

16 MHz 20 MHz
SYMBOL | PARAMETER MIN MAX (NS) | MIN MAX
T1 ALE rising edge delay from PROCLK 18 18
T2 ALE falling edge delay from PROCLK 18 15
T3 BALE rising edge delay from PROCLK 21 21
T4 BALE falling edge delay from PROCLK 20 20
T5 YMEMR, YMEMW fall delay from PROCLK 16 13
T6 YMEMR, YMEMW rise delay from PROCLK 19 19
T7 YIOR, YIOW falling delay from PROCLK 20 20
T8 YIOR, YIOW rising delay from PROCLK 20 20
T11 READY falling edge delay from PROCLK 12 9
T12 READY rising edge delay from PROCLK 12 9
T13 DTR fall delay from PROCLK; read cycle 20 20
T16 DENO, DENT1 rise delay from PROCLK; read 16 12
T17 DENO, DEN1 low delay from PROCLK; write 28 28
T18 DENO, DENT rise delay from PROCLK; write 29 29
T21 S1, S0 setup time to PROCLK 11 8
T23 ONBRD setup time to PROCLK; memory cycle | 22 16
T24 ONBRD setup time to PROCLK; I/O cycle 32 24
T25 MEMCS16 setup time to PROCLK 32 32
T26 I0CS16 setup time to PROCLK 35 35
T27 IOCHRDY setup time to PROCLK 1 7
T28 IOCHRDY hold time from PROCLK 0 0
T30 S1, S0 hold time from PROCLK 1 1
T31 A0 setup time to PROCLK 30 30
T32 BHE setup time to PROCLK 15 15
T33 BHE hold time from PROCLK 15 15

Table 7-1. FE3001A TIMING PARAMETERS
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16 MHz 20 MHz

SYMBOL | PARAMETER MIN MAX(NS) MIN MAX
T34 A0 hold time from PROCLK 15 15
T35 ABHE delay from PROCLK 28 26
T36 ADRO delay from PROCLK 29 26
T37 EBHE/EADRO delay from PROCLK 30 30
T38 ONBRD hold time from PROCLK 10 10
T39 ONBRDL delay from ONBRD 30 23
T40 ONBRDL delay from PROCLK 24 24
T41 CLK14 period 69 69
T42 CLK14 low time 27 27
T43 CLK14 high time 27 27
T44 EADRO /PCLK rise/fall delay from CLK14 falling 29 29
T45 PCLK rise/fall delay from CLK14 falling 33 33
T46 TMRCLK rise/fall delay from CLK14 falling 35 35
T47 CLKHS period 31 31
T48 CLKHS high time 14 14
T49 CLKHS low time 14 14
T54 CLK287 rise/fall delay from CLKHS falling; 27 27

CLK16 input tied to +5V
T55 CLK16 period 62 62
T56 CLK16 high time 28 28
T57 CLK16 low time 28 28
T59 CLK287 rise/fall delay from CLK16 ;

CLK16 toggling 27 27 .
T60 SYSCLK rise/fall delay from PROCLK; :

Low speed PROCLK selected 17 17
T61 SYSCLK rise/fall delay from PROCLK;

High speed PROCLK selected 17 17
T62 DMACLK rise/fall delay from PROCLK;

Divide by 2 _ 37 37

Table 7-1. FE3001A TIMING PARAMETERS (Continued)
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16 MHz 20 MHz

SYMBOL | PARAMETER MIN MAX(NS) [MIN MAX
T63 DMACLK rise/fall delay from PROCLK;

Dlvide by 4 37 37
Te4 DMACLK rise/fall delay from PROCLK;

Divide by 8 37 37
T65 M/IO setup time to SO, S1 falling edge 4 4
T66 M/IO hold time from PROCLK (end of Ts) 15 15
T67 DTR rise delay from PROCLK; read cycle 30 30
T68 SDTR rise delay from PROCLK 28 28
T69 SDTR fall delay from PROCLK 35 35
T70 PTYERR setup time to PROCLK 1 1
T71 PTYERR hold time from PROCLK 4 4
T72 MEMCS16 hold time from PROCLK 17 17
T73 DENO low delay from PROCLK; read cycle 33 33
T74 DEN1 low delay from PROCLK; read cycle 33 33
T75 ZEROWS setup time to PROCLK 24 24
T76 ZEROWS hold time from PROCLK 0 0
T77 DENO, DEN1 low delay from ONBRD high;

write cycle 28 28
T78 10CS16 hold time from PROCLK 15 15
T79 DLYWR falling edge delay from PROCLK 13 13
T80 DLYWR rising edge delay from PROCLK 25 25
T81 SDEN falling edge delay from PROCLK 42 42
T82 SDEN rising edge delay from PROCLK;

YMEMR, YMEMW, or YIOR active 47 47
T83 _S—iﬁ rising edge delay from PROCLK;

YIOW active 47 47
T84 SCYCLE rising edge delay from PROCLK 17 17
T85 SCYCLE falling edge delay from PROCLK 22 22
T86 mfalling edge delay from PROCLK 25 25

Table 7-1. FE3001A TIMING PARAMETERS (Continued)
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» 16 MHz 20 MHz
SYMBOL | PARAMETER MIN MAX(NS)| MIN MAX
T87 INTA rising edge delay from PROCLK 25 25
T88 ADRO low delay from PROCLK;

interrupt acknowledge cycle 21 21
T89 DENO low delay from PROCLK;
interrupt acknowledge cycle 33 33
T90 DENO rise delay from PROCLK;
interrupt acknowledge cycle 16 12
T91 CPURES rising edge delay from PROCLK;
shutdown cycle 5 17 5 14
T92 CPURES falling edge delay from PROCLK;
shutdown cycle 5 17 5 14
T93 OUT1 to CLK14; asynchronous input 15 15
T94 HOLDRA rising edge delay from CLK14 46 46
T95 HOLDRAQ falling edge delay from CLK14 46 46
T96 HLDA to CLK14; asynchronous input 26 26
T97 REFRESH low delay from HLDA high 31 31
T98 REFRESH output tri-state delay from CLK14 9 9
T99 ERFSH falling edge delay from CLK14 43 43
T100 ERFSH rising edge delay from CLK14 43 43
T101 YMEMR falling edge delay from CLK14;
refresh cycle 40 40
T102 YMEMR rising edge delay from CLK14; ,
refresh cycle 40 40
T103 IOCHRDY setup time to CLK14 19
T104 HRQ1 to CLK14; asynchronous input 18
T105 HLDAT1 rising edge delay from CLK14 43 43
T106 HLDA1 high delay from HLDA high 30 30
T107 HLDAT1 falling edge delay from CLK14 43 43
T108 BALE high delay from HLDA high 20 20
T109 BALE low delay from HLDA low 20 20
Table 7-1. FE3001A TIMING PARAMETERS (Continued)
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FE3001A

16 MHz 20 MHz
SYMBOL | PARAMETER MIN  MAX(NS) [MIN MAX
T110 ACK high delay from HLDA high 21 21
T111 ACK high delay from MASTER high 19 19
T112 ACK low delay from HLDA low 21 21
T113 ACK low delay from MASTER low 19 19
T114 ONBRD setup before YIOR falls 9
T115 ONBRD to ONBRDL delay; HLDA high 30 30
T116 HLDA high to ADRO float delay 20 20
T117 HLDA low to ADRO enable delay 20 20
T118 ADRQO input to ABHE output delay 19 19
T119 HLDA high to EBHE float delay 23 23
T120 HLDA low to EBHE enable delay 23 23
T121 AEN high to EBHE enable delay 23 23
T122 AEN low to EBHE float delay 22 22
T123 ADRO input to EBHE output delay 28 28
T124 HLDAT1 high to BHE enable delay 10 10
T125 HLDA1 low to BHE float delay 11 11
T126 EBHE to BHE delay 11 11
T127 HLDA high to YIOR float delay 21 21
T128 HLDA low to YIOR enable delay 23 23
T129 HLDA high to YMEMW float delay 21 21
T130 HLDA low to YMEMW enable delay 23 23
T131 YIOR low to DENO low delay 25 25
T132 YIOR high to DENO high delay 25 25
T133 YIOR low to DTR low delay 23 23
T134 YIOR high to DTR high delay 23 23
T135 YIOR low to SDTR high delay 31 31
T136 YIOR high to SDTR low delay 31 31

Table 7-1. FE3001A TIMING PARAMETERS (Continued)
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FE3001A

16 MHz 20 MHz

SYMBOL | PARAMETER MIN MAX(NS) [MIN MAX
T137 ONBROD setup before DMACLK which causes

YMEMR to go low 22 22
T138 DMAMR setup time to DMACLK 16 16
T139 YMEMR falling edge delay from DMACLK 15 15
T140 DMAMR high to YMEMR high delay 19 19
T141 DLYWR input low to YIOW output low 19 19
T142 DLYWR input high to YIOW output high 19 19
T143 YMEMR low to DEN1 low delay 25 25
T144 YMEMR high to DEN1 high delay 25 25
T145 YMEMR low to SDEN low delay 30 30
T146 YMEMR high to SDEN high delay 30 30
T147 AEN high to ADRO enable delay; DACK2 high 25 25
T148 DACK2 low to ADRO float delay 20 20
T149 AEN high to ABHE low delay; DACK2 high 27 27
T150 IOCHRDY setup time before DMACLK 15 15
T151 YIOR low to DMARDY low delay 27 27
T152 DMAMR low to DMARDY low delay 27 27
T153 DMARDY rising edge delay from DMACLK 25 25
T156 EBHE to ABHE delay; master mode 22 22
T157 AEN low to ADRO float delay; master mode 23 23
T158 AEN high to DLYWR float delay 20 20
T159 AEN low to DLYWR enable delay 21 21
T160 ONBRD setup time before memory command

falls; master mode 18 18
T161 ADRQO setup time before memory command

falls; master mode 6 6
T162 EBHE setup time before memory command

falls; master mode 6 6

Table 7-1. FE3001A TIMING PARAMETERS (Continued)
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FE3001A

16 MHz 20 MHz

SYMBOL | PARAMETER MIN MAX (NS) | MIN MAX
T163 DTR low delay from memory command low;

master mode 23 23
T164 DTR high delay from memory command high;

master mode 23 23
T165 DENO low delay from memory command low;

master mode 25 25
T166 DENO high delay from memory command high;

master mode 25 25
167 DEN1 low delay from memory command low;

master mode 25 25
T168 DENT1 high delay from memory command high;

master mode 25 25
T169 MEMCS16 setup time before memory

command falls; master mode, ADRO high 10 10
T170 SDTR low delay from memory command low;

master mode, ADRO high 31 31
T171 SDTR high delay from memory command high;

master mode, ADRO high 31 31
T172 SDEN low delay from memory command low;

master mode, ADRO high 30 30
T173 SDEN high delay from memory command high;

master mode, ADRO high 30 30
T174 ADRQO setup time before /O command falls;

master mode 5 5
T175 SDTR low delay from [/O command low;

master mode, ADRO high 31 31
T176 SDTR high delay from /0O command high;

master mode, ADRO high 31 31
T177 SDEN low delay from I/O command low;

master mode, ADRO high 30 30
T178 SDEN high delay from 1/O command high;

master mode, ADRO high 30 30
T179 I0CS16 setup time before I/O command

falls; master mode, ADRO high 14 14

Table 7-1. FE3001A TIMING PARAMETERS (Continued)
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FE3001A

NOTES:

All delays with respect to PROCLK are with respect
to the falling edge of PROCLK.

T22: ZEROWS SETUP TIME NOTES

The ZEROWS signal is sampled by the FE3001A
in the middle of every CPU wait state during AT bus
cycles. ZEROWS will terminate an AT bus cycle
early when it is sampled after the minimum number
of wait states programmed into R8 have occurred.

T25: MEMCS16 SETUP TIME NOTES

MEMCS16 is only examined during AT bus memory
cycles. It must be valid before the earlier of either
(1) the memory command strobe falls as
programmed by R6, or (2) BALE falis as
programmed by RO and R1.

T26: I0CS16 SETUP TIME NOTES

IOCS16 is only examined during AT bus I/O cycles.

" It must be valid before the 1/0 command falls as

programmed by R3.
T27: IOCHRDY SETUP TIME NOTES

IOCHRDY is sampled with the falling edge of
PROCLK at the end of each CPU “t” state. It must
be sampled low one full “t” state before a cycle
would normally end in order to extend it.

2-30
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FE3001A
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oh.e0 ___L_i} ] |
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T33
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I

|NOTE1

| BALE
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e L] e

|NOTE2
| BALE

| EBHE/EADRO

s T ™ ////;///////f/////////////////

|
ONBRDL {

— —
A =S U

READY

|

NOTES:
RO =0; R1 = 1 (low speed BALE timing)

RO = 1; R1 = 2 (16MHz BALE timing)

IOCHRDY is being used to add one wait state to this on-board cycle, which is otherwise
programmed by R9 or R10 to be 0 wait states

Figure 7-1. CPU Cycle Timing for ALE, Byte Select,
ONBRD and READY

N
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FE3001A

LT 41 T 42 T 43
CLK14 _/ /_\

T 44

EADRO/PCLK

. P =T —
PCLK , _\____/—\_

— T 46 g
TMRCLK P \

aws T\ S meJﬁ o

NOTE 1 TS

CLK287 M
T 55 | | T 56 T 57 |
CLK16 *m— y \
NOTE 2 __|"'°®
CLK287
NOTES:

(1) CLK186 input connected to +5V

(2) CLK16 input driven by an oscillator

Figure 7-2. Clock Timing (1 of 2)
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PROCLK

‘SYSCLK

:N_OTEZ— T

SYSCLK

I

o\ [/ T
T63 —>I le—

DMACLK —\—/——__/—\—/—\—_

(NOTE 5) |
Tos ] e

- | \ /

NOTES:
(1) Bit2 of I/O Addr 63 set to 0 (low speed CPU clock)

(2) Bit2 of I/O Addr 63 set to 1 (high speed CPU clock)

(3) SYSCLK low time extended when SYSCLK is low while ALE is high and the high speed CPU clock
has been selected

(4) Bit2 of I/O Addr 63 set to 0 (low speed CPU clock) and Bit 3 set to 1 (high speed DMA)

(5) 1/0 Addr 63 Bits 2 and 3 set to the same value; low speed CPU clock and low speed DMA, or high
speed CPU clock and high speed DMA

(6) Bit2 of /O Addr 63 set to 1 (high speed CPU clock) and Bit 3 set to O (low speed DMA)

Figure 7-3. CLOCK TIMING (2 of 2)
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ON-BOARD ZERO WAIT ON-BOARD ONE WAIT
STATE MEMORY READ STATE MEMORY WRITE

—Ts—|—Tc— _Ts_!_Tc_.‘_Tw,..__.

PROCLK J_\mmwj

MI0

ONBRDL \

I
|
I
|
|
DTR | | [
(NOTE 2) ‘
T GE.l . T69 - i
NoTe 2) |/ i l
! ! ' 4.\ T5 e— ‘,l T6
TENW | | | f
e —{Tef— ‘
YMEMR k |
T70 —» |<_
PTYERR |
(NOTE 3) _’[ -
NOTES:

(1) DENO, DEN1, and SDEN will remain high and SYSCLE will remain low during on-board memory cycles
(2) NOT USED by the FE3031 during on-board memory cycles; shown for reference only

(3) PTYERR must be low when shown to prevent a parity NMI from being generated (if enabled)
PTYERR is sampled one PROCLK after the end of an on-board memory read

Figure 7-4. On-board Memory Cycle Timing
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DEFAULT CYCLE

— T — | Wchl__Tw_
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S S |
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|
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C s B i
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|
I
|
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I
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(NOTE 3)

—
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|
ADRO \ :

J

DENO

-
-
o

l
I

=
|

ABHE /
|

DEN1

DTR

Ter —f f—

ZEROWS

(1) NPCS is high during these cycles
(2

to go low

(3) R6=0;R7=1;R8=0;R0=0;R1=1

NOTES:

Setup/Hold times referenced to PROCLK edge which is programmed by R6 to cause YMEMR or YMEMW

Figure 7-5. 16-Bit Memory Read Timing-Low Speed CPU Clock
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FE3001A

DEFAULT CYCLE ZEROWS ACTIVE
—Ts—|——Tc—‘_Tw_ —Ts—‘_'rc__

| |

oo/ W\ U

S1

]
Mo ] | '
sysclk | /’h |

:
|
|
T
R W e W W

|
|
|
i
%

L | |

ONBRD ! W\
4'_{ | \\\\\\\\\\\\\\\\\|'\\\\\\\|\/ \
| JAVRULNVURRVRRAVTARRRARA [T

| | LR TS e | 1
YMEMW 1 —'_—\“__/_i_
(NOTE2)

|| | |
ADRO | |\ | |
— *___"l_L\‘_TW ‘ T 18] J./:
(DI\I%\I‘IQES 3,4) _I_J — : i I
REFE \ | J
- —>I ‘ «—T17 "‘ ‘118
DENT —
(NOTES 3, 4) _J p—
DTR [
ZEROWS \ ]

NOTES:
(1)  NPCS is high during these cycles

(2 R6=0;R7=1;R8=0;R0=0;R1 =1

(3) DENO and DEN1 go high one PROCLK cycle after the write command goes high. However, each will remain |
low for back to back write cycles when it is active in both cycles

(4) The falling edge of DENO or DEN1 in a write cycle will be controlled by ONBRD if it goes high in the last half
of the processor Ts state, or by PROCLK if ONBRD is high earlier

Figure 7-6. 16-Bit Memory Write Timing-Low Speed CPU Clock
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]
|
|
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-
|
|
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|
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-
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|
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|
|
|
|
|
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|
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|
1
|
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| YMEMW | |
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T18
| T77 -« ind

DENO
| (NOTE 4) | |

T77
e

DEN1
| (NOTE 4) T7
le—

‘ DTR

FERAS
S R e |

NOTES:
RO =1; R1 =2; R6 = 2; R7 = 4; NPCS is high during these cycles

Memory read cycle timing
Memory write cycle timing

The falling edge of DENO or DEN1 in a write cycle will be controlled by ONBRD if it goes high in the last
half of the processor Ts state, or by PROCLK if ONBRD goes high earlier

Figure 7-7. 16-Bit Memory Timing for High Speed(16 MHz) CPU
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FE3001A

ZERO WAIT STATE CYCLE
— Ts — t

—Tc—\—Tw—}—Tw— — Ts —

PROCLK

l
|
S1, S0 —\ / l
|
|

|
|
|
|
SYSCLK \ NOTE 2 / \ |/
|
|
[
l
|

BALE / \

|
|
|
|
l
ONBRDL \ |

o
mEmesTs LTV f//7////////}i/////ﬂi///////////ﬂ/

T22
— |

(NoTE3) JALTARRANAAANY

T76

|
—
YMEMR, \ /—-7
YMEMW

NOTES:
(1) RO =1;R1=2;R6=2; NPCS is high during these cycles

(2) SYSCLK s extended low one extra half period when it is low during the processor’s Ts state and
the high speed CPU clock is selected

(3) Register R8 = 2. When the high speed CPU clock is selected, no AT bus cycle can terminate until
the cycle when SYSCLK goes high. This ensures proper synchronization of the rising edge of the
command strobes with SYSCLK

Figure 7-8. 16-Bit Memory Timing with ZEROWS Asserted

and High Speed (16 MHz) CPU
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(1)
)

@)

16-BIT I/O READ

16-BIT I/O WRITE

— T — | —Tc—|—Tw—7 —Ts—| —ch|—'rw—~

PROCLK f—\_/—\_/—\_/—}_/—\_/—\_/—\_/—\_/—\_/—\_/—\_/—u—\_/—\_f

|

SYSCLK ‘\ / l \

ONBRD

10CS16
(NOTE 2)

YIOR

Yiow

DLYWR
(NOTE 3)

ABHE

DENO,
DEN1

| | |
I | |
an \;/,\/‘\:/\!/1L
1@1} e W o
L | INIAAARRNARARRNMARRRAVGAY R | !
_LTZG'_ ! I i | L—T78
- [ - | |”J|r
I A — -
| = L i
] ] | T
| o R
] ] T
o —— b o ] "
| | — —
) En —
w = —+
NOTES:

YIOW rising edge

R0O=0;R1=1;R3=1;R5=1

I0CS16 setup time is to the PROCLK which causes YIOR or YIOW to go low as programmed by R3.
Hold time is from the end of the cycle

DLYWR falling edge is one PROCLK later than YIOW at low speed. DLYWR rising edge is coincident with

Figure 7-9. 16-Bit I/O Timing with Low Speed CPU Clock
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FE3001A

DEFAULT CYCLE
| Ts ‘ Tc I Tw l Tw . Tw ‘ Tw
PROCLK
| |
I

SYSCLK |
|

o |

BALE i i } / \ i ! | !
s [ T
o | | | e——T26 178
& \ _': | . T
e ! -
I e e e e T
il i o el |
w1 — A
R L_Jr _______ + | |
|%4 | | T7I | | ,_L___}
l | | _" '_| ﬁ" [ | \
&%Rs) | ‘ T79 l = _’i !
]% _'—'_\ ‘.‘ T80 | /_ ‘
I DTR l [ |
NOTES:

(1) RO=1;R1=2;R3=4;R5=4.NPCS is high during these cycles

(2) 10CS16 setup time is referenced to the PROCLK which causes YIOR or YIOW to go low as
programmed by R3. Hold time is from the cycle end

(3) /O read cycle timing
(4)  1/O write cycle timing

(5) DLYWR falling edge is one PROCLK later than YIOW at low speed. DLYWR rising edge is coincident
with YIOW rising edge

“Figure 7-10..16-Bit /0O Timing w/High Speed (16 MHz) CPU Clk
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DEFAULT CYCLE

I Ts | Tc | Tw I Tw ' Tw l Tw l
e [\ VSV
S1, 80 : \ : v : : : : v

SV W O e W A s Y A VY B W OV o W

BALE

ONBRD

NOTE 5) IIIIIIIIIIIIII \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

'
.

ADRO : o\ : :
ABHE : o : H
COMMAND ; : ' !
(NOTE 4) [ : : \ :

DLYWR : ; T\
(NOTE 5) : . : :

/______
, (NOTE §) /—*——

.......................................................................................................................

(1)  RO=0;R1=1;R3=1; R4 =4. NPCS is high during this cycle
(2) 10CS16 affects only I/O cycles

(3) MEMCS16 affects only memory cycles

(4) COMMAND means either YIOR, YIOW, YMEMR, or YMEMW
(5) DLYWR is active only in cycles where YIOW is active

(6) Read cycle timing

(7)  Write cycle timing

(8)  DLYWR will be further delayed by 2 PROCLK at high speed

Figure 7-11. 8-Bit Cycle Timing for Low Speed CPU Clock --

Even Byte Access
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DEFAULT CYCLE
Ts
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worez |/ : \ [:LL—
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o —— e ] fr—|

| DEN1 ! [ |

] DTR [ ] |

| — T81 T82

o= | H
SDEN. i l T_az’! F
(NOTE 5) T E..l - I |

NOTES:
(1) RO=0;Ri=1;R3=1; R4 =4. NPCS and ONBRD are inactive. IOCS16 is inactive during 1/O cycles.
MEMCS16 is inactive during memory cycles

(2) COMMAND means either YIOR, YIOW, YMEMR, or YMEMW
(3) Read cycle timing
(4)  Write cycle timing

(5) SDEN stays low one additional PROCLK during cycles when YIOW is active

Figure 7-12. 8-Bit Cycle Timing for Low Speed CPU Clock - -

Byte Access
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NOTES:

RO =0; R1 =1; R3 =1; R4 = 4. NPCS and ONBRD are inactive. IOCS16 is inactive during 1/O cycles.
MEMCS16 is inactive during memory cycles

Two additional wait states are not shown
One additional wait state is not shown

COMMAND means either YIOR or YMEMR

Figure 7-13. 8-Bit Cycle Timing for Low Speed CPU Clock - -

Word Read from Even Address
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NOTES:

(1) R0=0;R1=1;R3=1;R4=4.NPCS and ONBRD are inactive. IOCS16 is inactive during /O cycles.
MEMCS16 is inactive during memory cycles

(2)  Two additional wait states are not shown

(3)  One additional wait state is not shown

(4 COMMAND means either YIOW or YMEMW

(5)  SDEN low time extended one PROCLK for I/O write cycles

Figure 7-14. 8-Bit Cycle Timing for Low Speed CPU Clock --

Word Write to Even Address
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NOTES:

R3=1;R4=4
Two additional processor T states not shown
80286 floats these lines during interrupt acknowledge cycles

Because A0 is floating, the state of ADRO is unknown from the rising edge of ALE
until INTA falls, when ADRQ is forced low

Because BHE is floating, the state of ABHE (and EBHE ) is unknown

DENO is forced low when INTA falls. It could have gone low at the end of Ts
depending on the state of ADRO

The state of DEN1 follows ABHE and therefore cannot be determined

Figure 7-15. Interrupt Acknowledge Cycle-Low Speed CPU Clock
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JALLUAVARARARARARATARAVAAAVAAAARURATAAATARARARARARANANAN

VoL
ADY
READY v,

I
A
DMACLK \ [

PROCLK
(NOTE 2)
CPURES
(NOTE 3)

s1
S0
MI0
A1
ALE

NOTES:
(1)  The width of CPURES will be four DMACLK periods
(2) DMACLK is shown as it would be for high speed DMA and a high speed CPU clock or for low speed DMA

(8) CPURES will be asserted on the first PROCLK edge which begins a T state, after an internal divide by 4
of DMACLK makes a low to high transition. The phase of this internal signal is impossible to determine,
although it changes on the rising edge of DMACLK. CPURES is shown going active here as early as
possible. It could be delayed up to three more DMACLK periods

and a low speed CPU clock. Refer to Figure 8. Note that the phase of DMACLK with respect to Ts is uncertain.

Figure 7-16. Shutdown Cycle Timing
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A

NOTES:
Cycle shown with one wait state (one EADRO/PCLK period) inserted

OUT1, HLDA, and IOCHRDY are asynchronous inputs. Setup times are shown only to guarantee
recognition at a particular edge of EADRO/PCLK

The falling edge of REFRESH is combinatorially generated from HLDA. The rising edge is controlled
by the FE3001A

HRQ1 and HLDA1 are not active

Figure 7-17. Refresh Cycle Timing
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HRQ1 I T 104
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¢ T 107
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(NOTE 3) 5 §
T 108 — - — =T 109
BALE - ’: 1
I
| @ |
ACK ;
(NOTE 4) T 110 — — T 112
T 113 ——‘ T 11
MASTER
(NOTE 5)
NOTES:
(1)  No refresh cycle is pending’
(20 HRQ1 is an asynchronous input. Setup time is shown only to guaréntee recognition at
a particular EADRO/PCLK edge
(3) HLDAT1 rising edge will be controiled by the later of the EADRO/PCLK edge shown
or HLDA
(4) ACK will follow the dashed lines shown only when MASTER is asserted
(5) Applicable for Bus Master cycles only
Figure 7-18. Basic HOLD/HDLA-DMA & Master Mode Transfers
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HLDA1 | ‘ |
| | [
= | | T114 l . 1 |
ONBRD ] | :‘\F_ —m /—';7

|
ONBRDL Iﬂ—{‘r‘ﬁ ||
(NOTE 2) 'T11G| i |
ADRO [ . l (

' |
i : ]
_ T1s > fe— | [
ABHE ‘ N
(NOTE®)  T119 | l | | | T120
— S, | w1zs | i |T122 $||<_"| F
T124 -
(NOTE 4) N | Ti26 | T125 —»
. = | ‘

e mayl I » l/——
NoTES)  Ti27 m e |, l | 128
YIoR UL / ' \ NOTE 3 ) \

— | T130 —4 J:
YMEMW ! ! X \  NoTE3 | / N
| -

DENO | \ L)

DTR |‘{\ |}’

T133 — '
SDTR _.I X |‘t
T135 —»] ke T16 —b p—
DMAMR -y, NOTE 3
DLYWR
on NOTES 3,8
YMEMR,
viow  Von
NOTES:

No refresh cycles are pending
ONBRDL follow ONBRD when HLDA is high
The FE3010 drives these signals when AEN is high

The FE3001A tri-states EBHE when HLDA goes high, but drives it again when AEN is high.
Itis the inversion of ADRO

BHE is driven by the FE3001A when HLDA1 is high. It follows EBHE
ABHE is the inversion of ADRO while HLDA is high (8-Bit DMA)
DEN1 and SDEN remain high during 8-Bit, even byte transfers

The FE3001A tri-states DLYWR when AEN is high

Figure 7-19. DMA Transfer: 8-Bit, /0 to On-board Memory

Even Byte, with no Added Wait States

N
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T0 \

owACLK —\_/—\_/_\MLFW
won | |
HLDAT 4;_/
AEN | | [
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|
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| |
' |
| |
[ | | |
~ T137
ONBRD i [ ' \ ! —”L | ' ! /—.*
. _L}—J—'I_\(Ams | I | |
ONBRODL | I L 1 |
! |
116 | | L*n:zs : ! | ;
ADRO — |1 Lj | " NOTE2 | | M|
f— 11118 | ! | | -—'l T1\11:T
o 5 1 \\\\\\\\\\\WL I | | R
JR— T121 T122
EBHE 119 ] | | «7@ | | nows | | 1 |:I' : L
L T124_|“ m‘qm | | Tizs r | 1120 =
BHE _/|| B . NOTE 6 | | """ '
DMAMR | |/ | "% ) Note2 | | \[
. | —n T139 P e—T140 | \
YNEMR | i W | ( ]
| ||
DLYWR | | Noeszs | [ | |
| X TIH — fe— — T142 l
Yo [ | | T
T143 T144
|
DENT i | =] — — = : |
| L — |
SDEN T127, [ I T145 l ' T128, |
T129 145 _, T146 T130
YIOR, !‘—\ ~!~/ NOTE 2 — e \_’I !;j
YMEMW

NOTES:

No refresh cycles are pending

(1)

(2)  The FE3010 drives these signals when AEN is high

(8)  The FE3001A tri-states EBHE when HLDA goes high, but drives it again when AEN is high
(4)  The FE3001A tri-states DLYWR when AEN is high

(5)  ABHE is the inversion of ADRO when HLDA is high

(6) BHE is driven by the FE3001A when HLDA1 is high. It follows EBHE

(7) DENO and DTR remain high and SDTR remains low during this cycle

Figure 7-20. DMA Transfer: 8-Bit, On-board Memory to I/O,

Byte, with No Added Wait States
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HLDA J : | i | ‘ \
HLDA1 __U' I | I i | |

I | . | | | |
AEN J J_.( | | ] l l \ __1“
mn— ! e—T114 | | | | |

. | | 4 [
ke [ ] N I |

. trl"; | | TMS_’I
home : '_""LIW ! | | !NOTEZ | | | I/‘i Tﬂ F
we, L L L T wmm
ABHE .
(NOTE 4) _’“ s iT ! | | l i | | i
_ - 121 T122
EBHE _|’|T124' —ﬂ_’{‘— T1|26! i |N oTE 3 ! I | —’1 -Ij E20
Bre _\tE\\\i\\\\F I ! = |NOTE5 l l T J;i ';{JEze

T127
e = L.l | ——
— k—TJae | |NOTEG | I T13°~>| «
YMEMW i $| | | \ \NOTE 6 |/ \ .'r—
_ . | ! | |
o |
—» e Ti50
oo | Ti51 | M—| ! | T153
DMARDY l —’i ~ Tis0 I'_/ “_.I =
(NOTE 10) T | notes
NOTES:

(1) Norefresh cycles are pending

(2)  ADRO s tri-stated when HLDA goes high, then driven again when both DACK2 and AEN
are high(16-Bit DMA)

(3) EBHE is tri-stated when HLDA goes high, then driven again when AEN is high
(4) ABHE is set low when HLDA, DACK2, and AEN are high

)  BHE is driven by the FE3001A when HLDA1 is high. It follows EBHE

) The FE3010B drives these signals when AEN is high

(7)  SDEN is high and SDTR is the inversion of DTR for this cycle

®)

DMARDY would follow the dashed line shown for any DMA cycle where IOCHRDY is not
driven low (default timing)

(99 DMAMR, DLYWR, YMEMR, and YIOW timing is the same as for an 8-Bit I/O to memory cycle
(10) DMARDY is driven low by DMAMR in a Memory to I/O DMA cycle

Figure 7-21. DMA Transfer: 16-Bit, I/O to On-board Memory

Wait State Added
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YMEMR [
(NOTE 1) g

T 155
ONBRDL
N
T70 | —
T 7
PTYERR ' | J/‘—
(NOTE 2) :

oar XX

NOTES: ‘
(1) YMEMR is an asynchronous signal during DMA or MASTER cycles. Setup time is shown for recognition
at a particular edge of PROCLK

(2) PTYERR will be sampled at the first falling edge of PROCLK after YMEMR goes high

Figure 7-22. Parity Error Timing-DMA or Master Mode Transfer
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I

HLDA ]

|
HLDA1 | | ¢ \
AEN W 2 / | \

I
MASTER |

|
|
|
:
_V.:V 'J.fﬂzo

| | |
| | \ | . / l
T11i,| | ‘_—’| = _J T122 |

EBHE | {7 i . % ,
(NOTE 2) ] )« v C B

i l l l | T126 | |
o O | ‘ ) T125 — e
N L O —— G——— K

| T2 | | T156_'l ‘_ . !

[ N [
(NOTE 4 | ! 2 X

|T116 ‘ ‘J T157 |
ADRO _.I ‘__’[ T - R ~’| T
A SO | . ) )

T158 —J _,l fe—T159 %
DIYWR l: .......... /1

(1) No refresh cycles are pending

(2) EBHE is driven by the FE3001A when HLDA is low or AEN is high. It is driven by a Bus Master when
MASTER is low

(3) BHE is driven by the FE3001A when HLDA1 is high. BHE will follow EBHE during Master mode
(4) ABHE follows EBHE during Master mode

(5) ADRO is driven by the FE3001A when HLDA is low. It will also be driven by the FE3001A when AEN

Figure 7-23. Basic Master Mode Transfer Timing
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l BUS MASTER READ ‘ | BUS MASTER WRITE

ONBRD

—» |e—T115

ONBRDL

T 160 —]

R \
we | | [

l—T162
YMEMR x

_

|

l
YMEMW ; \ )

| ——+]L<—T163 _>| T 164
DTR l f l |
(NOTE 2) | | | |

T165 T166
DEND | Il = I l
(NOTE 3) | I | b i
— e T —» T8 T167 —] —T168
DEN1 l
(NOTE 4) |
NOTES:

(1) MASTER is low during these cycles
(2) DTR follows YMEMW during Master Mode

(3) DENO follows YMEMR or YMEMW if both ONBRD and ADRO are low

(4) DENT1 follows YMEMR or YMEMW if both ONBRD and EBHE are low
(5) SDEN is high during these cycles

Figure 7-24. Master Mode Transfer Timing: On-board Memory

Read/Write
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ONBRD

ADRO

16-BIT MEMORY READ

8-BIT, EVEN BYTE OR ‘ ‘

8-BIT, ODD BYTE
MEMORY WRITE

—Le

m |

‘-——-T161 _'i T 161 —>I

YMEMR

| /

YMEMW

MEMCS16

SDTR
(NOTE 2)

T169

|

T

— -

le—T 170

41U

le—T 171

e—T172

SDEN
(NOTE 3)

(1)
()
3
(4)

NOTES:
MASTER is low during these cycles

SDTR follows YMEMW when MASTER is low

o

e—T173

SDEN follows YMEMR or YMEMW when ADRO, MEMCS16, and ONBRD are high

DENO and DEN1 will stay high during these cycles because ONBRD is high

Figure 7-25. Master Mode Timing: Off-Board Memory Read/Write
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} 8-BIT, EVEN BYTE OR l ‘ 8-BIT, ODD BYTE
16-BIT /O READ 10 WRITE
ADRO —‘L JF
R E— 7 7e
YIOR' / I
|
VoW A
T179 L_
ocse [T WA
—»I 1178 a7
SDTR | /F__i
(NOTE 2)
T 1LJ |‘___ ) ﬂs
SDEN i 1
NOTES:
(1) MASTER is low during these cycles
(2) SDTR follows YIOW
(3) SDEN follows YIOR or YIOW when ADRO and IOCS16 are high. ONBRD does not
affect SDEN for 1/0O cycles
(4) DENO and DEN1 will stay high during 1/O cycles
Figure 7-26. Master Mode Timing: Off-Board I/O Read/Write
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FE3010 84-Pin Plastic Chip Carrier (J-bend Leads)

045 :.003

026 :.002
(.66 : .05 mm)
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v S Y B W —
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1. Mating Socket. Burndy part number Q1LE84P10

3010JLED RVA

1213786

Figure 7-27. 84-Pin PLCC Packaging Diagram
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APPENDIX A

FE3001A RECOMMENDED BUS
CYCLE PROGRAMMING

The following tables give recommended values for
programming bus timing registers RO-R8 (see Fig-
ure 5 and Table 3). These tables address only AT
bus timing parameters, as on-board timing is very
application specific. Values are provided for 6.25,
8, 12.5 and 16 MHz system clock speeds. The
recommended values in these tables are based on
emulating an 8 MHz IBM PC/AT Expansion Bus.
Two issues that may affect these recommended
values are listed below. Consult application notes
for additional details.

(1) If the sum of RO and R1 is 3 or greater, then an
internal BALE logic error in first production FE3001A
parts may cause BALE to remain high from a pre-
vious on-board cycle and fall one PROCLK cycle
too early. Widening BALE by one clock accounts
for this.

(2) Some adapter boards decode the SA0-SA19
address lines to generate MEMCS16, a dangerous
practice. However, widening BALE and delaying
the commands relative to an 8 MHz AT provides
relaxed MEMCS16 setup time, which is needed for
some of these boards to function reliably.

When preparing to select a new CPU clock speed,
it is important to setup the FE3001A registers in a
particular order so that BALE and commands do not
become too short during the programming process.
The recommended programming order for selecting
high speed or low speed CPU clocks are given
below:

Selecting High Speed CPU Clock:
R5, R6, R7, R8, R9, R10, R12, R4, R3, R1, RO

Selecti PU Clock:
R5, R6, R7, R8, R9, R10, R12, RO, R1, R3, R4

2-58
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A1 6.25 MHz SYSTEM CLOCK SPEED
REGISTER FUNCTION VALUE
RO BALE delay from ALE leading edge 0
R1 BALE width 3
R3 8-bit memory, 8/16-bit /O - command delay 3
R4 8-bit memory or I/O cycle - wait states 5
R5 16-bit /0 cycle - wait states 2
R6 16-bit memory cycle - command delay 2
R7 16-bit memory cycle - wait states 2
R8 Minimum number of wait states when
ZEROWS is asserted 1
A2 8 MHz SYSTEM CLOCK SPEED
 REGISTER FUNCTION VALUE
RO BALE delay from ALE leading edge 0
R1 BALE width 3
R3 8-bit memory, 8/16-bit I/O - command delay 3
R4 8-bit memory or I/O cycle - wait states 5
R5 16-bit I/O cycle - wait states 2
R6 16-bit memory cycle - command delay 2
R7 16-bit memory cycle - wait states 2
R8 Minimum number of wait states when
ZEROWS is asserted 1
% ADVANCE INFORMA T/ON 10/24/90 2-59
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. A3

12.5 and 16 MHz SYSTEM CLOCK SPEED
REGISTER FUNCTION VALUE
RO BALE delay from ALE leading edge 1
R1 BALE width 6
R3 8-bit memory, 8/16-bit I/O - command delay 7
‘R4 8-bit memory or I/O cycle - wait states 12
R5 16-bit 1/O cycle - wait states 6
R6é 16-bit memory cycle - command delay 6
R7 16-bit memory cycle - wait states 6
R8 Minimum number of wait states when
ZEROWS is asserted 4
A4 . 20 MHz SYSTEM CLOCK SPEED
REGISTER FUNCTION VALUE
RO BALE delay from ALE leading edge 2
R BALE width | 5
R3 8-bit memory, 8/16-bit I/O - command delay 9
R4 8-bit memory or I/O cycle - wait étates 15
R5 16-bit I/O cycle - wait states 8
R6 16-bit memory cycle - comménd delay 6
R7 16-bit memory cycle - wait states 8
| R8 Minimum number of wait states when
ZEROWS is asserted 5
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INTRODUCTION

FE3010C

1.0 INTRODUCTION

1.1  DESCRIPTION

As part of the Western Digi'[al® FE3600B and
FE3600C chip sets, the FE3010C AT Peripheral
Control Device allows designers to build PC/AT
Bus compatible single board computers that will
operate at speeds from 10 MHz to 20 MHz with
an 80286, or 16 or 20 MHz with an 80386SX
processor.

The FE3010C is typically used in conjunction with
the FE3001 (AT CPU Control Device), the
FE3021 (AT Address Buffer and Memory Control
Device), and the FE3031 (Data Buffer Device).
Doing so allows you to reduce the size of an
80286 or 80386SX-based PC/AT compatible sys-
tem board by 80%, power by 70%, and com-
ponent count by 62%.

The FE3010C contains the functional equivalent
of two 8237 DMA Controllers in cascade mode.
This block improves the performance of a system
by allowing external devices to transfer data

8259 interrupt controllers in cascade mode. Addi-
tional features include 15 interrupt channels, 3
timer channels, 7 DMA channels, DMA page
registers, 8 MHz DMA, and TTL compatibility.

1.2 FEATURES

« Hardware and software compatible with the
IBM AT

» 15interrupt channels

*  3timer channels

+ 7 DMA channels

+  TTL compatible

+ DMAclock rate up to 8 MHz

»  Refresh circuitry for 256 Kbyte or
1 Mbyte DRAMs

+ DMA page registers
* 1.25 Micron HCMOS technology

directly from the system’s memory. The FE3010C «  84-Pin PLCC
also contains the functional equivalent of two
é newyoaTo 2l =
SOEEEEEEEL 4 43[ERER 28088
Orococoocooooo0>>z2IER¥noooo
gononoooooooonoonooppn
DMAGLK 12:90’“"“""""')“"‘53%58&?3?:‘5?74 DRQ5
MASTER 13 [ ] 73 DRQ6
KBINT 14 72~ DRQ7
IRQ3 15 712 AEN
IRQ4 o 16 70 T1C
IRQ5 17 WDC gg g;‘gKEN
18
e 18 FE3010C ] s
INTR 20 66{2 DACK1
ouTt 21 652 DACK2
Vss 22 64 Vss
Tolk o 23 630 CLEAR
SPKR O 24 621 TRQT3
RQ8 25 61 IRQ14
IRQ9 26 602 IRQ1S
IRQ10 27 59 INTA
IRQ11 o 28 s8[0 RTCCS
IRQ12 o 29 57)3 ALE
AL (0) 30 563 RFSH
AL(1) o 31 553 AH(13)
AL@) o 32 5417 AH(12)
BB EERFITILIVLSIIB LR

AAAAAAAAAAAAAAAAAAAA
JoJoaaaT T
TIIIITIT

ITILTzzIzzI=>
Txxxx<<=zz

FIGURE 1-1. FE3010C PIN LOCATIONS
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HLDA —> DMA RDY
DMACLK ——— —————————— > HRQ
——— TC

MASTER DACK
DRQ (0-7) > AEN
DMA —> BUS CONTROLS
DATA(0-7) —@—] r———‘———————-———bA(O-23)

ADDR

+ PAGE LATCH

REFRESH
ADDRESS

IRQ (3-15)

INTA INTERRUPT
CONTROLLER

INTRQ

> OUT1
TIMER CLK — TIMER

PIO _\

FIGURE 1-2. FE3010C FUNCTIONAL BLOCK DIAGRAM
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INTRODUCTION FE3010C

PIN TYPE SYMBOL FUNCTION

1 VSS GROUND

2 /0 DATA(O DATABITO

3 /0 DATA(1 DATABIT 1

4 /0 DATA(2 DATABIT 2

5 I/0 DATA(3 DATABIT 3

6 IO DATA(4 DATA BIT 4

7 /0 DATA(5 DATABIT 5

8 /10 DATA(6 DATABIT 6

9 1} DATA(7 DATABIT 7

10 | HLDA HOLD ACKNOWLEDGE
Active high. Acknowledge from the
CPU (80286) for a request for the
bus from the DMA controller.

1 | DMARDY DMA READY
Active high
Signal to indicate that the DMA
may complete its current cycle.

12 | DMACLK DMA CLOCK
System clock/ DMACLK
6 MHz /3 or 6 MHz
8 MHz /4 or 8 MHz
10 MHz /5 MHz

13 l MASTER BUS MASTER
Active low
Signal indicating a master on the
expansion bus has bus control.

14 | KBINT KEYBOARD INTERRUPT
Active high

15 | IRQ3 INTERRUPT REQUEST 3
Active high

16 l IRQ4 INTERRUPT REQUEST 4
Active high

17 1 IRQ5 INTERRUPT REQUEST 5
Active high

18 | IRQ6 INTERRUPT REQUEST 6
Active high

19 | IRQ7 INTERRUPT REQUEST 7
Active high

20 0] INTR INTERRUPT REQUEST TO CPU
(80286)
Active high

21 o] OUT1 TIMER CHANNEL 1 OUTPUT

22 Vss GROUND

TABLE 1-1. PIN ASSIGNMENT INFORMATION
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FE3010C INTRODUCTION
PIN TYPE SYMBOL FUNCTION
23 I TCLK TIMER CLOCK
’ (1.19 MHz clock for timer)

24 0 SPKR SPEAKER DATA

25 I IRQ8 INTERRUPT REQUEST 8
Active low

26 | IRQ9 INTERRUPT REQUEST 9
Active high

27 | IRQ10 INTERRUPT REQUEST 10
Active high

28 I IRQ11 INTERRUPT REQUEST 11
Active high

29 I IRQ12 INTERRUPT REQUEST 12
Active high

30-39 110 AL(0-9) ADDRESS BIT 0-9

NOTE

All addresses sent to the FE3010C during CPU cycles are latched with ALE except for AO. This allows
compatibility for 16-bit writes to the FE3010C, although 8-bit accesses are preferred. A0 is latched in
the FE3001, so no external latch on AOQ is necessary if an FE3001 is used with the FE3010C.

40 O AH(0) ADDRESS BIT 10
41 (¢} AH(1) ADDRESS BIT 11
42 Vss GROUND

43 Vop +5 VOLTS SUPPLY
44 O AH(2) ADDRESS BIT 12
45 (o] AH(3) ADDRESS BIT 13
46 o) AH(4) ADDRESS BIT 14
47 (0] AH(5) ADDRESS BIT 15
48 O AH(6) ADDRESS BIT 16
49 (e} AH(7) ADDRESS BIT 17
50 (o] AH(8) ADDRESS BIT 18
51 (0] AH(9) ADDRESS BIT 19
52 (¢} AH(10) ADDRESS BIT 20
53 0 AH(11) ADDRESS BIT 21
54 (o] AH(12) ADDRESS BIT 22

TABLE 1-1. PIN ASSIGNMENT INFORMATION, CONTINUED
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PIN TYPE SYMBOL FUNCTION

55 O AH(13) ADDRESS BIT 23

56 I RFSH REFRESH ADDRESS
Active low
Signal to enable the refresh address
to the address bus during a RAM
refresh cycle.

57 | ALE ADDRESS LATCH ENABLE
Active high

58 [®] RTCCS REAL TIME CLOCK CHIP SELECT

59 | INTA INTERRUPT ACKNOWLEDGE
FROM CPU (80286)
Active low
Interrupt acknowledge to the
interrupt controllers

60 | IRQ15 INTERRUPT REQUEST 15
Active high

61 | IRQ14 INTERRUPT REQUEST 14
Active high

62 | IRQ13 INTERRUPT REQUEST 13
Active low
Error interrupt from (80287)

63 | CLEAR SYSTEM CLEAR
Active low

64 Vss GROUND

65 (0] DACK2 DMA ACKNOWLEDGE BIT 2

DACK2 DACK1 DACKO DMA Channel Acknowledge

0 0 0 0

0 0 1 1

0 1 0 2

0 1 1 3

1 0 0 illegal

1 0 1 5

1 1 0 6

1 1 1 7

66 O DACK1 DMA ACKNOWLEDGE BIT 1

67 (@) DACK2 DMA ACKNOWLEDGE BIT 0

68 (@) DACKEN DMA ACKNOWLEDGE ENABLE
Active low
Signal to enable DACKO, DACK1,
and DACK2 decode.

TABLE 1-1. PIN ASSIGNMENT INFORMATION, CONTINUED
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PIN

TYPE

SYMBOL

FUNCTION

69

HRQ

DMA REQUEST TO CPU (80286)
Active high

70

TC

DMA END OF OPERATION
Active high

Signal to indicate the DMA
controller has finished its cycle.

71

AEN

DMA AEN

Active high

Signal to indicate that the current
bus is a DMA cycle.

72

DRQ7

CHANNEL 7 DMA REQUEST
Active high

73

DRQ6

CHANNEL 6 DMA REQUEST
Active high

74

DRQ5

CHANNEL 5 DMA REQUEST
Active high

75

DRQ3

CHANNEL 3 DMA REQUEST
Active high

76

DRQ2

CHANNEL 2 DMA REQUEST
Active high

77

DRQ1

CHANNEL 1 DMA REQUEST
Active high

78

DRQo

CHANNEL 0 DMA REQUEST
Active high

79

SYSALE

SYSTEMALE

Active high

Signal to latch the address
in the address latch.

80

110

IOR

1/0 READ COMMAND
Active low

81

I/0

IowW

/0 WRITE COMMAND
Active low

NOTE

Data must be valid before IOW to the FE3010C goes low because the leading edge of IOW is used to
clock some registers in the FE3010C. This setup time (data valid to IOW active low) is specified at 30

ns minimum.

82 0] MEMR MEMORY READ COMMAND
Active low

83 (0] MEMW MEMORY WRITE COMMAND
Active low

84 Voo +5 VOLTS SUPPLY

TABLE 1-1. PIN ASSIGNMENT INFORMATION, CONTINUED
3-6 11/15/90



DMA CONTROL

FE3010C

2.0 DMA CONTROL

2.1 OVERVIEW

The FE3010C contains two 8237 equivalent DMA
controllers. DMA controller #1 is in the I/O ad-
dress space from 000 to O0OF and is used for 8-bit
transfers. DMA controller #2 is in the 1/0O space
from 0CO to ODE and is used for 16-bit transfers.
Channel 0 of DMA controller #2 is used to cas-

cade DMA controller #1.

AT Bus DMA Transfer
DMA Channel | Controller Type

0 #1 Channel 0 | 8-bit

1 #1 Channel 1 | 8-bit

2 #1 Channel 2 | 8-bit

3 #1 Channel 3 | 8-bit

4 #2 Channel 0 |Cascade DMA

Cont. #1

5 #2 Channel 1 16-bit

6 #2 Channel 2 | 16-bit

7 #2 Channel 3 | 16-bit

TABLE 2-1. DMA TRANSFER TYPES

2.2 TRANSFER MODES

Each DMA channel may be programmed in Single
Transfer Mode, Block Transfer Mode, Demand
Transfer Mode, or Cascade Mode.

2.2.1 Single Transfer Mode

In single transfer mode the channel will make one
transfer for each request. The word count will be
decremented, and the address will be incre-
mented or decremented at the end of each trans-
fer. When the word count goes from 0000 to
FFFF, a terminal count (TC) will be generated. To
start a transfer, the DRQ should be held active
high until a DACK is received. If the DRQ is held
active through the cycle, only one transfer will
take place. The DRQ must go low and then high
to start another transfer. The bus will be released
between transfers.

2.2.2 Block Mode Transfer

A transfer is started in block mode by a DRQ and
continues until a TC is reached. The DRQ should
be held active until DACK becomes active. Block
mode should be used with caution since refresh
will be locked out. The address and word count
behave as in single mode.

2.2.3 Demand Mode

In demand mode, a transfer will continue to take
place until DRQ is inactive or a TC is reached. If
the DRQ is dropped, the bus will be released. If
DRQ is activated again, the transfer will resume.
The address and word count behave as in single
mode.

2.2.4 Cascade Mode

Cascade mode is used to cascade DMA controller
#2 to DMA controller #1, and for bus master trans-
fers. A channel in cascade mode will get the bus
when a DRQ is active, but the word count and
address are ignored. The channel will hold the
bus until DRQ is inactive. The IOR, IOW, MEMR,
and MEMW signals must be generated by the bus
master device. The addresses from the FE3010C
are floated when the MASTER signal becomes
active.

2.3 TRANSFER TYPES

There are three types of transfers: read, write,
and verify.

Read
A read transfers data from memory to an 1/O
device.

Write
A write transfers data from an /O device to

memory.
Verify

A verify transfer is a pseudo transfer that does not
generate IOR, IOW, MEMR, or MEMW signals.

?J. 11/15/90 3-7
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2.4 AUTOINITIALIZE

A channel may be programmed to autoinitialize for
any transfer type. In this mode when a TC is
reached the channel is loaded with the original
word count and address, and is ready to start
another transfer.

2.5 PRIORITY

Each DMA controller has two types of priority,
fixed and rotating. For fixed priority, channel 0 has
the highest priority and channel 3 has the lowest.
In rotating priority, the last channel to be serviced
has the lowest priority. The DMA controller #2 has
priority over the DMA controller #1.

2.6 EXTENDED WRITE

In normal timing the MEMR or IOR pulse is two
clock cycles and the MEMW or IOW is one clock
cycle. If extended write is selected, the MEMW or
IOW will be the same as the MEMR or IOR.

2.7 BASE AND CURRENT ADDRESS
REGISTERS

Each channel has a 16-bit base and current ad-
dress register. The current address register is
loaded from the base register when the base
register is loaded or when in autoinitilize mode.
The current address register is incremented or
decremented during a transfer.

29 COMMAND REGISTER WRITE

This register is cleared by a reset or Master Clear
command.

0-1 Unused

2 Controller Disable

3 Must be 0 for extended
write, otherwise no effect

4 Rotating Priority
5 Extended Write
6-7 Unused

TABLE 2-2. COMMAND REGISTER WRITE
FORMAT

2.10 STATUS REGISTER READ

Bits 0-3 are cleared by a reset, a Master Clear
command or a status read.

Channel 0 has Reached TC

Channel 1 has Reached TC

Channel 2 has Reached TC

Channel 3 has Reached TC

Channel 0 DRQ Active

Channel 1 DRQ Active

Channel 2 DRQ Active

N|jo|g|[dh|lWIN|—=|O

Channel 3 DRQ Active

Addresses are driven to the bus while RFSH is
low, indicating a refresh cycle. Only address bits
A23-A16 (from the page register) and bits A10-A0
(from the refresh counter) are meaningful during
refresh. The address counter gets incremented on
the rising edge of RFSH.

2.8 BASE AND CURRENT WORD
COUNT

Each channel has a 16-bit base and current word
count register. The current word count register is
loaded from the base register when the base
register is loaded or when in autoinitilize mode.
The current word count is decremented during a
transfer.

TABLE 2-3. STATUS REGISTER READ
FORMAT

2.11 REQUEST REGISTER WRITE

Each channel may be started by a software re-
quest. These request are not affected by the
mask register. It is cleared by a reset or a Master
Clear command.

0-1 | Channel Number = 00 | Channel 0

2 Request 01 | Channel 1

3-7 | Unused 10 | Channel 2

11 | Channel 3

TABLE 2-4. REQUEST REGISTER WRITE
FORMAT

3-8 11/15/90 H
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2.12 MASK REGISTER WRITE

Each channel has a mask bit associated with it. If
it is set, the channel is disabled. The bits may be
set or cleared by software or set by a TC if the
channel is not in autoinitilize mode. All the bits are
set by a reset or a Master Clear Function.

SINGLE MASK

0-1 Channel Select

2 Set/Clear Mask
(0 = Clear, 1 = Set)

3-7 Unused

CLEAR MASK

0-7 Unused

MASK ALL

0 Channel 0 Mask

1 Channel 1 Mask

2 Channel 2 Mask

3 Channel 3 Mask

4-7 Unused

TABLE 2-5. MASK REGISTER WRITE FORMAT

2.13 MODE REGISTER WRITE

0-1 Channel Select = 00 Channel 0

01 Channel 1

10 Channel 2

11 Channel 3

2-3 | Transfer Type = 00 Verify

01 Write

10 Read

11 Unused

4 Autoinitialize

5 Address Decrement

6-7 | Mode = 00 Demand

01 Single

10 Block

11 Cascade

TABLE 2-6. MODE REGISTER WRITE

2.14 CLEAR POINTER WRITE

Each DMA controller has a pointer flip flop that
indicates which half of the word count or address
is being accessed. Each time a word count or
address is written or read, the pointer is toggled.
When the flip flop is cleared, bits 0-7 are ac-
cessed and when it is set, bits 8-15 are accessed.
The pointer may be cleared by writing to the Clear
Pointer. Any data is ignored.

2.15 MASTER CLEAR WRITE
A write to the Master Clear will:

1. Clear the Command Register

Clear the Status Register

2
3. Clear the Request Register
4. Setthe Mask Register

5

Clear the Pointer Flip Flop

Any data will be ignored.

?f 11/15/90 3-9
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/O Address Read/Write DMA Controller Function
000 Read/Write 1 Channel 0 Address
001 Read/Write 1 Channel 0 Word Count
002 Read/Write 1 Channel 1 Address
003 Read/Write 1 Channel 1 Word Count
004 Read/Write 1 Channel 2 Address
005 Read/Write 1 Channel 2 Word Count
006 Read/Write 1 Channel 3 Address
007 Read/Write 1 Channel 3 Word Count
008 Read 1 Status
008 Write 1 Command Register
009 Write 1 Request Register
00A Write 1 Single Mask
0ooB Write 1 Mode Register
00C Write 1 Clear Pointer
00D Write 1 Master Clear
00E Write 1 Clear Mask
00F Write 1 Mask All
0CO0 Read/Write 2 Channel 0 Address
0C2 Read/Write 2 Channel 0 Word Count
0C4 Read/Write 2 Channel 1 Address
0C6 Read/Write 2 Channel 1 Word Count
0C8 Read/Write 2 Channel 2 Address
0CA Read/Write 2 Channel 2 Word Count
0cC Read/Write 2 Channel 3 Address
0CE Read/Write 2 Channel 3 Word Count
0D0 Read 2 Status
0Do Write 2 Command Register
oD2 Write 2 Request Register
0D4 Write 2 Single Mask
0D6 Write 2 Mode Register
0oD8 Write 2 Clear Pointer
ODA Write 2 Master Clear
oDC Write 2 Clear Mask
ODE Write 2 Mask All

TABLE 2-7. DMA CONTROL FUNCTION MAP
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DIFFERENCES BETWEEN THE FE3010C AND 8237

3.0

The FE3010C implementation is different from the
Intel 8237 in two ways. The DMA address in the
8237 is valid during the entire DMA cycle, while
the FE3010C multiplexes the address and trans-
fer count on the address bus. Therefore, addres-
ses A16-A0 from the FE3010C need to be latched
with SYSALE coming out from the FE3010C.
These latches are in the FE3021.

DIFFERENCES BETWEEN THE FE3010C AND 8237

The second difference is in the cascade mode;
the 8237 does not enable the address outputs,
while the FE3010C does. Since the only way to
use the cascade mode on an AT system is
through Bus Master operation, this is not a prob-
lem, since the FE3010C disables its address out-
puts when the MASTER signal becomes active.

11/15/90
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4.0 8259 INTERRUPT CONTROLLERS

The FE3010C contains two 8259 equivalent inter-
rupt controllers. Interrupt controller #1 is in the 1/O
space of 020 to 021, and interrupt controller #2 is
in the 1/0O space of 0AO to OA1. Interrupt 2 of
interrupt controller #1 is used to cascade interrupt
controller #2.

4.1 INTERRUPT SEQUENCE

1. When an interrupt arrives from a peripheral
device, the interrupt may be programmed to be
level or edge sensitive. In the level mode, the
interrupt will keep occuring as long as the inter-
rupt is kept high. In the edge mode, it must go low
and high for each interrupt. The interrupt will set
the appropriate bit in the Interrupt Request
Register (IRR).

System Interrupt
Interrupt Controller Use

0 #1 Level O Timer

1 #1 Level 1 Keyboard

2 #1 Level 2 Cascade

3-7 #1 Level3-7 | AT Bus

8 #2 Level 0 R.T.C.

9-12 #2 Level 1-4 AT Bus

13 #2 Level 5 Co-Processor
14-15 #2 Level 6-7 AT Bus

TABLE 4-1. INTERRUPT SEQUENCE FORMAT

2. If the interrupt has not been masked off, it is
passed to the priority circuit. There are three
types of priority.

Fixed

In fixed priority, interrupt 0 has the highest priority
and interrupt 7 has the lowest.

Automatic Rotation

In automatic rotation, the last interrupt serviced
has the lowest priority.

Specific Rotation
In this mode, the lowest priority interrupt can be
set by software. The next interrupt will have the
highest priority. For example if interrupt 4 is set to
the lowest level, the priority will be 5, 6, 7, 0, 1, 2,
3,and 4.

3. The interrupt controller sends an IRQ to the
CPU. .

4. The CPU responds with an INTA cycle that
freezes priority.

5. The CPU sends another INTA that causes the
interrupt controller to send a vector to the CPU
and set the appropriate bit in the Interrupt Service
Register (ISR) and clear the corresponding bit in
the IRR, if it is in the edge triggered mode. As
long as the bit in the ISR is set, all interrupts at
the same level or lower will be inhibited unless
programmed for special mask mode.

6. An EOI is issued to end the interrupt. This
clears the appropriate bit in the Interrupt Service
Register. For the slave adapter (interrupt control-
ler #2), two EOI's must be issued. There are three
types of EOl’s.

Specific
An EOI is issued by software for a specific inter-
rupt.

Non-Specific
A non-specific EOI is issued by software. The
hardware will generate a EOI for the highest level
active interrupt.

Automatic
An automatic EOI is a non-specific EOI that is
caused by the second INTA.

The interrupt controllers may also be operated in
a polled mode. In this mode, the CPU is set to
disable the interrupt input. In this case, software
must issue a poll command. This takes the place
of an INTA, and the software can then read the
interrupt level to determine the interrupt to be ser-
viced.

When cascading is used and the slave has issued
an interrupt, other interrupts from the slave are
locked out. If it is desired to preserve priority in
the slave (i.e. allow higher interrupts to occur
when a lower interrupt is being serviced), Special
Fully Nested Mode should be programmed in the
master. After a non-specific EOIl has been sent to
the slave, the ISR should be checked to see if any

3-12
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other ihterrupts are active. If there are no inter- OCWi1
rupts active, a non-specific EOl should be sent to 0 Interrupt 0 Mask
the master. 1 Interrupt 1 Mask
2 Interrupt 2 Mask
4.2 SETUP 3 Interrupt 3 Mask
The interrupt controllers are setup by writing a 4 Interrupt 4 Mask
series of initialization command words (ICW). The 5 Interrupt 5 Mask
sequence is started by writing ICW1 with data bit 6 Int 16 Mask
4 = 1. ICW2 is then written followed by ICW3 and nterrupt © Vas
ICW4 if they are needed. 7 Interrupt 7 Mask
- ocw2
ICW1 Write 0-2 Interrupt Level
0 ICW4 Needed 34 0
1 Not Cascade Mode 5-7 = 001 Non-specific EOI
2 Unused 011 Specific EOI
3 Level Triggered 111 Rotate on Specific EOI
4 ! 101 Rotate on Non-
5-7 Unused Specific EOI
ICW2 Write . 100 Select Rotate on
0-2 Unused Automatic EOI
3-7 Interrupt Vector 000 Clear Rotate On
ICW3 Write (Interrupt Controller #1 only) Automatic EO
; 110 Set Priority
0-1 0
2 Interrupt 2 has slave 010 Unused
3.7 0 TABLE 4-3. OCW FORMATS'
ICW3 Write (Interrupt Controller # 2 only)
0-2 Slave I/D 4.3.1 OCW3
3-7 0 Bits 0, 1, and 2 of OCW3 determine what the next
ICW4 read of the interrupt controller will yield.
0 1 0-1= 00 Unused
1 Auto EOI 01 Unused
2-3 0 10 Select Read IRR
4 Special Fully 11 Select Read ISR
Nested Mode 2 Poll Command
5-7 0 3 1
TABLE 4-2. ICW FORMATS 4 0
43 OPERATION 6= 00 Unused
O the int t troll tup, th 01 Unused
nce the interrupt controllers are setup, they may -
be programmed by Operation Control Words 10 _Reset Special Mask Mode
(OCW). 11 Set Special Mask Mode
7 0

TABLE 4-4. OCW3 FORMATS

7/

11/15/90
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Interrupt Controller Address Function Read/Write
1 020 ICW1 Write
1 021 ICW2 Write
1 021 ICW3 Write
1 021 ICW4 Write
1 021 OoCcwi1 Write
1 020 ocw2 Write
1 020 ocw3 Write
1 020 IRR Read
1 020 ISR Read
1 021 Mask Read
1 020, 021 Interrupt Level Read
2 0AO0 ICWA1 Write
2 0A1 ICW2 Write
2 0A1 ICW3 Write
2 0A1 ICW4 Write
2 0A1 OCWiA1 Write
2 0A0 ocw2 Write
2 0A0 OCws3 Write
2 0AO0 IRR Read
2 0A0 ISR Read
2 0A1 Mask Read
2 0AO0, 0A1 Interrupt Level Read

TABLE 4-5. INTERRUPT CONTROLLER FUNCTION MAP

3-14
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5.0 8254 TIMER

The FE3010C contains an 8254 equivalent timer
that contains three independent counters. All the
.19 MHz clock. The GATEO and
GATE1 signals are tied high. The GATEZ2 signal is

timers run off a 1

tied to register 61

Each counter may be programmed for different
counting modes and the count may be read back.
To initilize a counter, the Control Word must be
written followed by one or two bytes of count if

, bit 0. The counters decrement  needed. Each counter may be programmed to

when counting. The largest possible count is 0. count in BCD or binary.
Timer Channel Use
0 Time of Day (Interrupt)
1 Refresh Request
2 Speaker
/0
Address Use Read/Write
040 Timer 0 Count/Status Read/Write
041 Timer 1 Count/Status Read/Write
042 Timer 2 Count/Status Read/Write
043 Control Word Write
CONTROL WORD (FORMAT 1)
0 CD
1-3 Mode = 000 Mode 0
001 Mode 1
X10 Mode 2
X1 Mode 3
100 Mode 4
101 Mode 5
4-5 Function = 00 Counter Latch Command
01 Read/Write Low Byte
10 Read/Write High Byte
11 Read/Write Low Byte then High Byte
6-7 Counter = 00 Counter 0
01 Counter 1
10 Counter 2
CONTROL WORD (FORMAT 2)
0 0
1 Select Counter 0
2 Select Counter 1
3 Select Counter 2
4 Latch Status
5 Latch Count
6-7 1

TABLE 5-1. CONTROL WORD FORMAT

11/15/90
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5.1 SETUP

Each counter may be set in one of 5 modes by
writing a command word (format 1). The com-
mand word must specify the counter and the num-
ber of count bytes to be written. A new count may
be written at any time.

5.1.1 Mode 0 Interrupt on Terminal Count

The counter starts when the count is loaded.
When the count = 0, the counter will continue
counting from FFFF in binary mode or 9999 in
BCD mode. GATE = 1 enables counting. GATE =
0 disables counting.

OUT will go low when the counter starts. It will go
high when the count = 0, and stay high until a new
count or mode is written.

If a new count is written while the counter is
counting, it will be loaded on the next clock pulse.

5.1.2 Mode 1 Hardware Retriggerable
One Shot

The counter starts when GATE goes from low to
high. When the count = 0, the counter will con-
tinue counting from FFFF in binary mode or 9999
in BCD mode.

Any time GATE goes from low to high, the counter
will be reloaded with the original count and the
counter started.

OUT will go low when GATE goes from low to
high. It will go high when the count = 0. If a new
count is written while the counter is counting, it
will be loaded the next time GATE goes from low
to high.

5.1.3 Mode 2 Rate Generator

The counter starts when the count is loaded.
When the count = 0, the counter is reloaded and
the counter is started again. GATE = 1 enables
counting. GATE = 0 disables counting. If GATE
goes from low to high, the counter is reloaded.

OUT will initially be high. When the count = 1,
OUT will go low for one clock.

If a new count is written while the counter is
counting, it will be loaded the next time the count
= 0 or when GATE goes from low to high.

5.1.4 Mode 3 Square Wave Generator

The counter starts when the count is loaded.
When the count = 0, the counter is reloaded and
the counter started again. GATE = 1 enables
counting. GATE = 0 disables counting. If GATE
goes from low to high, the counter is reloaded.

When the counter starts, OUT will be high. When
the count is half done, OUT will go low. |f GATE
goes low, then OUT will go high.

If a new count is written while the counter is
counting, it will be loaded the next time the count
= 0 or when GATE goes from low to high.

5.1.5 Mode 4 Software Triggered Strobe

The counter starts when the count is loaded.
When the count = 0, the counter will continue
counting from FFFF in binary mode or 9999 in
BCD mode. GATE = 1 enables counting. GATE =
0 disables counting. OUT will initially be high.
When the count = 0, OUT will go low for one
clock.

If a new count is written while the counter is
counting, it will be loaded on the next clock pulse.

5.1.6 Mode 5 Hardware Triggered Strobe

The counter starts when the count is loaded.
When the count = 0, the counter will continue
counting from FFFF in binary mode or 9999 in
BCD mode. GATE = 1 enables counting. GATE =
0 disables counting. If GATE goes from low to
high, the counter is reloaded. OUT will be high
when the counter starts. When count = 0, OUT
will go low for one clock. If a new count is written
while the counter is counting, it will be loaded the
next time the count = 0 or when GATE goes from
low to high.

3-16
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5.2 READING THE COUNTER
There are three ways of reading the counters:

1. The count is read directly. This mode can
cause false readings due to fact that the counter
may be changing while it is read.

2. The count may be read via a Counter Latch
Command. (See COMMAND WORD format 1).
This command latches the count so it may be
read without changing.

3. The count may be read via a Read Back Com-
mand. (See COMMAND WORD format 2). This
command is the equivalent of multiple Counter
Latch Commands.

5.3 READING STATUS

The status of a counter may be read by issuing a
Read Back Command with data bit 4 = 0. (See
COMMAND WORD format 2). Bits 0-5 are the
same as the command word for the counter. Bit 6
tells if the last count that was written has been
loaded into the counter. Bit 7 reflects the state of
the OUT pin.

STATUS WORD
0 BCD
1-3 Mode
4-5 Function
6 New Count Written
7 Out Status

5.4 PAGE

The page register is an 8-bit by 16-byte dual-
ported RAM. It is used to refresh cycles and to
generate address bits 16 to 23 for 8-bit DMA
transfers and address bits 17 to 23 for 16-bit DMA
transfers. One port of the RAM is a read-only port
for DMA or refresh cycles, and the other is a
read/write port for the 80286 CPU.

5.5 REFRESH ADDRESS

This block contains an 11-bit counter that is used
for the address during a refresh.

N
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FE3010C DECODE
6.0 DECODE
Address Decodes Hex
9 87 6 5 43 2101
0 0000 X X XXX DMA Controller 1 (Ch 0-3)0 00-01F
0000 1T XXXXX Interrupt Controller Master 020-03F
0 0010 X X XXX Timer 040-05F
000110 XX X 1 Port B (P10) 060-06F (odd)
000111 XX X 1 Real Time Clock (RTCCS) 070-07F(odd)
001 00 X X XXX Page Register 080-09F
00101 XXXXX Interrupt Controller Slave 0A0-0BF
00110 XXXXX DMA Controller 2 (Ch 4-7) 0C0-0DF
TABLE 6-1. DECODE ADDRESSES
6.1 PAGE REGISTER DECODES Port B (PIO) is an 8-bit control and status register
Addre Decod on the AT. Bits 0 through 5 are defined in the
ss ecode FE3010C, while bits 6 and 7 are generated in the
0087 DMA Channel 0 FE3001. During a read of Port B (address 0061),
0083 DMA Channel 1 the FE3010C drives data bits 0-5 and tri-states
0081 DMA Channel 2 bits 6 and 7. The FE3001, if used, will drive bits 6
and 7 indicating the parity error and channel
0082 DMA Channel 3 check status. Bits 0 through 5 are described in the
008B DMA Channel 5 table below.
0089 DMA Channel 6 . .
Bits 3 and 2 perform no function on the FE3010C;

TABLE 6-2. PAGE REGISTER DECODES

Note: Page register data appears on address bits
A23-A16 during refresh and 8-bit DMA cycles. For
16-bit DMA cycles (channels 5-7), the LSB of the
page register does not appear; instead the 16-bit
DMA address is shifted up one bit and AO is
floated in the FE3010C to be driven by external
logic.

6.2 PIO

This block contains the control port to control the
speaker and timer channel. It also contains cir-
cuitry to detect if refresh is running. This condition
may be read back as bit 4. Bits 2 and 3 are
read/write, but they do not perform any function.
They are used for software compatibility with the
IBM PC AT.

they are duplicated here to provide the read/write
capability, but the actual enable functions are per-
formed in the FE3001.

Bit Function

5 OUT2 from timer channel 2
(read only)

4 Toggles on each refresh
(read only)

3 Enable channel check
(active low)

2 Enable parity check
(active low)

1 Enable speaker (active high)

0 Gate for timer channel 2

TABLE 6-3. DECODE BIT FUNCTIONS

3-18
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7.0 ABSOLUTE MAXIMUM RATINGS

Ta=+25°C

Power supply voltage,

Vpp @ Vss=0 70V

Power dissipation,

PDmax @Vpp=5.25V 300 mW

Current, Ipp @Vpp=5.25V 55 mA

Input voltage,V| 0.0V to Vpp + 0.3V
Output voltage,Vo 0.0V to Vpp + 0.3V
Operating temperature, Topt 0°Cto 70° C
Storage temperature, Tstg  -40°Cto 125°C

* Exposing the device to stresses above those listed in Absolute Maximum Ratings could cause per-
manent damage. The device is not meant to be operated under conditions outside the limits described
in the operational sections of this specification. Exposure to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

8.0 CAPACITANCE

(TA=+25" C, Vpp = 0V)
Parameter Symbol Max Limits Test Condition
Input capacitance Ci 10 pF fc = 1 MHz unmeasured
pins returned to OV

1/0O capacitance Cio 15pF

9.0 DC CHARACTERISTICS

TA=0"Cto70° C, VDD =5V + 5%, these inputs have internal 50K Q(min.) pullups.

[ALE, DMACLK, DMARDY, DRQO, DRQ1, DRQ2, DRQ3, DRQ5, DRQ6, DRQ7, HLDA, IRQ3, IRQ4,
IRQ5, IRQ6, IRQ7, IRQY, IRQ10, IRQ11, IRQ12, IRQ14, IRQ15, KBINT, CLEAR, INTA, IRQ13,
MASTER, RFSH, TLCK, IRQ8]

Parameter Symbol Min Max Unit Test Condition
Input low

voltage ViL Vss 0.8 \' Vpp =5V +5%
Input high

voltage ViH 2.0 Vbp Vv Vbp =5V £5%
Input low

current I -10.0 -300.0 uA ViN = 0.0V
Input high

current IiH 40.0 uA VIN = VDD
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[A0), A1), A(2), A(3), A(4), A(5), A(B), A(7), A(8), A(9), DATA(0), DATA(1), DATA(2), DATA(3), DATA(4),
DATA(5), DATA(6), DATA(7), IOR, IOW |

Parameter Symbol Min Max Unit Test Condition
Input low

voltage ViL Vss 0.8 \ Vop =5V £ 5%
Input high :

voltage VIH 2.0 Vbp \" Vop =5V £ 5%
Input low

current I -10.0 uA ViN = 0.0V
Input high

current IiH 10.0 uA Vin = VbD
Output low

voltage VoL 0.4 Vv loL=4.0mA
Output high .

voltage . VoH 2.4 \' loH=-4.0mA
Output

current loz -10.0 10.00 uA 0V < Vourt <Vbp

[AEN, DACKO, DACK1, DACK2, HRQ, INTR, DACKEN, RTCCS, OUT1, SPKR, SYSALE]

Parameter Symbol Min Max Unit Test Condition
Output low

voltage VoL 0.4 \' loL=2.0mA
Output high

voltage VoH 24 \" lon=-2.0mA

[A(10), A(11), A(12), A(13), A(14), A(15), A(16), A(17), A(18), A(19), A(20), A21), A(22), A(23), MEMR,
MEMW , TC]

Parameter Symbol Min Max Unit Test Condition

Output low .

voltage VoL 0.4 Vv loL=4.0 mA

Output high

voltage VoH 2.4 Y, lon=-4.0 mA

Output

current loz -10.0 10.00 uA 0V<VouTt<VDD

= L)
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AC CHARACTERISTICS

FE3010C

10.0 AC CHARACTERISTICS
TA=0"Cto +70° C, Vpp = +5V £5% load capacitance = 85 pF, operating at 8 MHz.

Symbol Parameter Min Max Unit
18 DRQ high setup time to DMACLK high 20 ns
2 HRQ active high delay from DMACLK rising edge 10 49 ns
13 HLDA high setup time to

DMACLK rising edge 15 ns
t4 AEN active high delay from DMACLK falling edge 14 69 ns
15 AEN inactive low delay from DMACLK rising edge 15 74 ns
6 SYSALE active high delay from

DMACLK rising edge 10 54 ns
7. SYSALE inactive low delay from

DMACLK rising edge 14 69 ns
t8 TOR and MEMR active low delay

from DMACLK rising edge 12 60 ns
19 IOW and MEMW active low delay

from DMACLK rising edge 12 60 ns
t10 IOR and MEMR inactive high delay

from DMACLK rising edge 11 52 ns
111 IOW and MEMW inactive high delay

from DMACLK rising edge 11 52 ns
t12 DACKEN active low delay from

DMACLK falling edge 13 63 ns
113 DACKEN inactive high delay from

DMACLK falling edge 10 49 ns
t14 TC active high delay from DMACLK

falling edge 11 58 ns
115 TC inactive low delay from DMACLK

falling edge 13 68 ns
116 DMARDY high setup time delay

to DMACLK rising edge 10 2 ns
117 ADDR active delay from AEN rising edge 2 18 ns
t18a ADDR valid delay from DMACLK rising edge 178 ns
119 ADDR float delay from DMACLK falling edge 83 ns
120 DATA valid delay from IOR falling edge 14 68 ns
121 DATA float delay from IOR rising edge 11 51 ns
t22 ADDR valid setup time to SYSALE inactive low 71 ns
t23a SYSALE inactive low to ADDR valid hold time 121 ns
124 ADDR valid delay from RFSH falling edge 15 78 ns
125 ADDR float delay from RFSH rising edge 10 60 ns
126 SYSALE active high from delay RFSH falling edge | 6 29 ns
t27 SYSALE inactive low delay from RFSH rising edge | 8 40 ns

11/15/90
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FE3010C , o , ,  AC CHARACTERISTICS

10.0 AC CHARACTERISTICS

(CONTINUED)

[ Symbol Parameter ‘ Min | Max | Unit
128 SYSALE active high delay from ALE rising edge 5 31 ns
t29 SYSALE inactive low delay from ALE falling edge 9 46 ns
30 INTR (mstr) active high delay from IRQ rising edge | 11 105 ns
31 INTR (slave) active high from ALE rising edge 27 136 ns
132 DATA valid delay from INTA falling edge 17 84 ns
133 DATA fioat delay from INTA rising edge 9 45 ns
134 RTCCS active low delay from ALE rising edge 13 66 ns
135 RTCSS inactive high delay from ALE rising edge 9 46 ns
136 OUT1 active high delay from TCLK falling edge 7 53 ns
137 OUT1 inactive low delay from TCLK falling edge 10 63 ns
138 DATA invalid time delay from

DATA to IOW inactive high 30 ns
139 DATA set-up time to IOW active low 30 ns
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FE3010C

DMACLK

AC CHARACTERISTICS
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FE3010C AC CHARACTERISTICS

RrSH y
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AC CHARACTERISTICS FE3010C
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FE3010C

FE3010C 84-Pin Plastic Chip Carrier (J-bend Leads)
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&= (1.14 : .08 mm) (1.27 : .02mm) = ﬁ (1.14 : 08 mm)
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q ‘ h A
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FIGURE 10-6. FE3010C 84-PIN PLCC PACKAGE DIMENSIONS
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DESCRIPTION FE3021

1.0 DESCRIPTION

The FE3021 is a 16 MHz AT address buffer and
memory controller in a 132-pin JEDEC package.
Chip count is significantly reduced by integrating
the memory controller, AT bus address buffers,
and I/O into one chip. The memory controller is a
high performance design, with programmable
modes of operation. It controls page mode
DRAM or static column DRAM. A maximum of 4
banks of DRAM can be controlled allowing a
maximum of 8 MB of memory to be controlled by
the FE3021. The DRAM bank locations are
programmable on 128K byte boundries. One
memory bank allows split addressing, so that
one portion may be placed in conventional
memory with the remainder in extended memory.

1.1 FEATURES

Page mode DRAM access with interleaved
memory banks

Controls up to 4 banks (up to 8 MBytes) of m
memory

On- chip RAS and CAS drivers for DRAM
chips

On- chip DRAM address multiplexer

LIM standard EMS expanded memory
hardware (supports EMS 4.0 multi-tasking)
On- chip address and control signal buffers
for directly driving AT bus

Zero wait state access at 16 MHz using 100
ns DRAM with page mode access
Generates chip selects for floppy controller,
8042, 80287, and NMI

Generates programmable chip selects for
four additional devices

Maps system BIOS and EGA BIOS into one
physical PROM

"Hot" reset generation for quick 80286
switch from protected to real mode

Fast Alternate Gate A20 generation

132 pin JEDEC plastic flat package

Additional features of the FE3600B chip set in-
clude EMS 4.0 support, on-chip address and
control signal buffers for directly driving the AT
bus, zero wait state access at 16 MHz using 100
ns DRAM with page mode access, generation of
chip selects for floppy controller, 8042, 80287,
and NMI, and mapping main and EGA BIOS into
one physical PROM.

oo U 0 U U 0 0 00 0 O 0O

CPU CONTROL FE 3001
CPU CONTROL INTERNAL CONTROL

AT ADDRESS BUS

FE 3021

ADDRESS BUFFER AT BUS CONTROL
MEMORY

CONTROLLER RAM
ADDRESS
80286 ADDRESS PROM
I (B10S)
P DRAM
DATA
FE 3010B INTERRUPTS & DMA
CONTROL
80287
RAM DATA
FE 3031
—» ATDATABUS
DATA BUFFERS £ DATA
[
KEYBOARD REAL TIME
MOUSE cLock

Figure 1. FE3600B Chip Set Functional Block Diagram
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DESCRIPTION

FE3021

1.2 INTRODUCTION

The FE3021 device is designed to reduce chip
count, increase flexibility, and provide improved
operating speed and functionality when used
with the FE3001, FE3010B, and FE3031 devices
to implement a low cost, high performance AT
compatible computer.

Chip count is reduced by integrating the memory
controller, AT bus address buffers, and 1/O
Management functions into one chip.

The memory controller is a high performance
design, with programmable modes of operation.
It controls page mode DRAM or static column
DRAM.

Up to 4 banks of DRAM may be controlled. The
DRAM bank locations are programmable on
128K byte boundaries. One memory bank allows
split addressing, so that one portion may be
placed in conventional memory with the
remainder in extended memory, with an addition-
al mode to allow copying BIOS code from ROM
to RAM for faster execution.

A major function of the FE3021 is to generate
chip select decodes for peripheral chips on the
system board; for instance, the floppy controller,
hard disk controller, serial, and parallel port
chips. The floppy and hard disk chip selects may
be disabled or may be enabled for either the
primary or secondary address decode, as
defined by IBM. Four programmable chip selects
are available, for supporting serial, parallel,
mouse, or other types of ports. Refer to Figure 2
for Pin assignment information and locations.

To reduce chip count and improve performance,
particularly when an EGA or VGA graphics con-
troller is placed on the system board, separate
blocks of ROM may be mapped into a single
physical ROM. For instance, the EGA BIOS and
standard BIOS may be placed into the same pair
of ROM chips or into a single 8-bit wide ROM.
Besides reducing chip count, EGA operating
speed will be improved, since EGA BIOS will be
accessed 16 bits at a time. To improve BIOS
performance, ROM code may be copied into
RAM, and the BIOS ROM mapped out and
replaced by RAM.

.'o. 11/16/90 4-3




FE3021

80286 INTERFACE

2.0 80286 INTERFACE

This interface port connects with the 80286 ad-
dress lines and the 80286 bus status lines. By
connecting directly to the 80286 and by duplicat-

bits or 16 bits. Pins A23-A0 are normally inputs,
receiving addresses from the 80286. When
MASTER is asserted, these pins become out-

ing a portion of the bus controller logic, early puts.
determination of memory or /0O accesses may
be made, as well as whether the access will be 8
PIN NUMBER MNEMONIC | 1/0 FUNCTION
74 A23 1/0 80286 Address Line
78 A22 i} " "
79 A21 I/0 " "
80 A20 110 " "
81 A19 110 ! !
82 A18 1/0 " "
83 A17 1/0 " "
84 A16 110 " "
85 A15 1/0 " "
86 A14 I/0 " "
87 A13 I/0 " !
88 A12 110 " "
89 A1 110 " "
90 A10 110 " "
109 A9 110 " "
110 A8 I/0 ! "
111 A7 /0 " "
112 A6 I/O " "
113 A5 1/0 " "
114 A4 /0 " "
115 A3 110 " "
116 A2 I/0 " "
117 Al 1/0 " "
118 A0 /0 " "
119 S0 I 80286 Status Line
120 S1 I 80286 Status Line
121 MO I 80286 Status Line
122 CPUCLK | 80286 Clock
123 HLDA | 80286 Hold Acknowledge Line
21 BHE I 80286 Byte High Enable

Table 1. 80286 Interface Pin Functions
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DATA BUS INTERFACE

FE3021

3.0 DATA BUS INTERFACE

The data bus port is 4 bits wide, which should

the control registers. Refer to Table 2 for pin as-

connect to the EDATA local data bus, and is used signments.

to access the internal FE3021 control registers.

The upper 4 bits should be ignored when reading

PIN NUMBER MNEMONIC | 1/0 FUNCTION

17 EDATA3 /0 Control Register Data Line
16 EDATA2 110 " "
15 EDATA1 110 " "
14 EDATAO /0 Control Register Data Line

Table 2. Data Bus Interface Pin Assignments

N
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FE3021

/O CHIP SELECTS

4.0 1/0 CHIP SELECTS

This- logic section generates chip selects for
standard system board functions such as the
8042 keyboard controller, 80287 math coproces-
sor, floppy controller, and hard disk controller. It
also generates chip selects for up to 4 additional
I/0 ports which may have programmable addres-

ses and wait state characteristics. Refer to Table

3 for pin-assignments. "

FUNCTION

PIN NUMBER MNEMONIC | 1/0

48 CSO0 0] Programmable Chip Select 0

47 CS1 0 Programmable Chip Select 1

46 CS2 O Programmable Chip Select 2

45 CS3 0 Programmable Chip Select 3
Or H. D. Control Chipselect

49 CSF (0] Floppy Disk Controller Chip Select Or Operation Or
Configuration Register Select

60 CS8042 0] 8042 Keyboard Control Select

56 CS287 (0] 80287 Coprocessor Select

20 CSNMI (6] NMI Logic Chip Select

22 CSPTB (@) Memory Parityand I/o Check Control Chip Select

Table 3. I/0 Chip Selects Pin Assignments
4-6 11/16/90



/O CONTROL

FE3021

5.0 1/0 CONTROL

This logic section contains control logic for the
I/0 bus.

The IORDY signal will go low when generating
wait states. For 12 MHz systems, this signal
may be tied directly to the bus signal IOCHRDY.
For 16 MHz or 20 MHz systems, this signal
should be sent to the FE3001 directly. The
IOCHRDY bus signal should be buffered through
an open collector driver and wire-OR’ed with the
IORDY signal. The IORDY pin will normally be at
a high impedance state. When generating wait
states, it will go low. When going from a low to a
high state, the IORDY pin will be actively driven
high for one processor clock time, then the out-
put will tri-state. An external pullup resistor
should be used to keep the IORDY signal high
when the IORDY pin is at a high impedance
state. The state of IORDY is sampled at the
rising edge of RESET ; if IORDY is low at this
time, the FE3021 will fetch data and instructions
from the BIOS ROM 8 bits at a time over the
EDATA bus, otherwise a 16 bit wide ROM on the
MDATA bus is assumed.

Table 4 lists the data word size, I/O addresses,
and chip selects generated for each variable port

type.

The PORT 0, PORT 1, PORT 2, and PORT 3

addresses are fully programmable, with the

choice of either using nine 1/O addresses for -
decode, or masking the A8 address bit (for in-

stance, for decoding dual serial ports). The LSB

(AO) address is always ignored. The lower 2, 3,

or 4 bits of the address may also be ignored so

that 2, 4, 8, or 16 bytes may be allocated for the

port.

All FE3021 control registers, except those used
for EMS page mapping, are accessed by first
writing eight times to address FFFOO (in an area
allocated for ROM BIOS). Any memory access
outside of the ROM BIOS address space, either
data access or instruction fetch, will abort the
unlocking process. Once unlocked, memory ac-
cesses outside of the ROM BIOS area may be
made without affecting the unlocked state. When
unlocked, the address space from FFFO1 to
FFFFE becomes register controls for the FE3021
device. The controls are locked again by reading
location FFFFF. This access method guarantees
that all control register changes will be made
through the BIOS.

PIN NUMBER PIN NAME /0 FUNCTION

127 IORDY l{e] Ready Line, modified Open Drain, Input
At Reset Time For 8-Bit ROM Sizing

40 SELDAT 0] Direction Of Data Tranceiver Data
To EDATA Bus

8 IOR 110 System I/O Read Command Signal, Drives
Expansion Bus. An Input In Master Mode.

9 IOW I} System /o Write Command Signal, Drives
Expansion Bus. An Input In Master Mode.

10 YMEMR | Ungated System Memory Read Command
Signal From FE3001

11 YMEMW | Ungated System Memory Write Command
Signal From FE3001

Table 4. 1/0 Control Pin Functions
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FE3021 /O CONTROL

PIN NUMBER MNEMONIC | 1O FUNCTION
53 ADSTB I Address Strobe From FE3001 And FE30108B.
12 YIOR I/0 | Ungated /O Read Strobe From
FE3001, An Output In Master Mode.
13 YIOW I/0 Ungated I/O Write Strobe From
FE3001, output In Master Mode.
19 FRES 110 "HOT" Reset Output
25 "~ LOMEG 0 To FE3031 Memory Strobe Gating
28 RESET I Master Reset For FE3021
52 MASTER I Bus Master Signal From AT Bus
54 A20GT | From 8042. When High, A20 Is Ungated
57 ONBD o] To FE3001. Indicates High Speed
On-Board Access
59 ADDR19 (0] AT Bus SA19
61 ADDR 18 (0] AT Bus SA18
62 ADDR 17 6] AT Bus SA17
64 ADDR 16 1/0 AT Bus SA16
65 ADDR 15 /0 AT Bus SA15
66 ADDR 14 /O AT Bus SA14
68 ADDR 13 1{e] AT Bus SA13
69 ADDR 12 /10 AT Bus SA12
72 ADDR 11 /O AT Bus SA11
73 ADDR 10 /0 AT Bus SA10
75 ADDR 9 /0 AT Bus SA9
94 ADDRS8 I/O AT Bus SA8
96 ADDR?7 le] AT Bus SA7
97 ADDR®6 /10 AT Bus SA6
98 ADDR5 /10 AT Bus SA5
100 ADDR4 /0 AT Bus SA4
101 ADDR3 /0 AT Bus SA3
104 ADDR2 I/O AT Bus SA2
106 ADDR1 /0 AT Bus SA1
105 ADDRO /O AT Bus SAQ
63 LA23 /0 AT Bus LA23
70 LA22 IO AT Bus LA22
71 LA21 /0 AT Bus LA21
93 LA20 /0 AT Bus LA20
95 LA19 110 AT Bus LA19
102 LA18 /1O AT Bus LA18
103 LA17 /O AT Bus LA17

Table 4. 1/0 Control Pin Functions (Continued)
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/O CONTROL

FE3021

A Version Number register provides information
on the version of the FE3021 chip. It also con-
tains a bit which toggles between '0’ and "1’ when
the register is read, which provides indication
that the register set has been unlocked.

VERSION NUMBER

o
VER T

FFFO1 X X X X

PORTS LOCATION REGISTER

FFFO6 | X X | X X|A|B cC| D

7 6 5 4 3 2 1 0

Port 0 On DATA Bus
Port 0 On EDATA Bus

Port 1 On DATA Bus
Port 1 On EDATA Bus

7 6 5 4 3 2 1 0

T : toggles between 0 and 1 with every read ac-
cess of the Version Number register.

VER : 000 when T=0
101 when T=1 for Early Production Version
100 when T=1 for Production Version

System board devices may be located on the
EDATA bus rather than on the 1/O expansion slot
DATA bus. The SELDAT signal which controls
the DATA to EDATA bus direction is affected by
the two port location registers. This option is
available for peripheral devices which cannot
directly drive the high current I/0O slot DATA bus.
Note, however, that DMA transfers cannot be
made to devices on the EDATA bus.

The SELDAT signal is active (low) when IOR is
active and address bits A8 and A9 are low, or the
PORTS LOCATION register indicates that an ad-
dressed port is on the EDATA bus. The SELDAT
signal is also low when MEMR is active and the
8-bit BIOS is being accessed.

Port 2 On DATA Bus
Port 2 On EDATA Bus

Port 3 On DATA Bus
Port 3 On EDATA Bus

OO O0O0|wwm >>
I
A0 20O, 0O|—=O0O

THE PORTS LOCATION REGISTER IS
CLEARED BY A MASTER RESET.

HOT RESET REGISTER

FFFO7 | X X X X {0/1 |DA | A H

THE HOT RESET REGISTER IS CLEARED BY
A MASTER RESET.

Register FFFQ7 is used to generate a hot reset to
the processor or to generate an alternate A20
gate. The state of the A bit is OR’ed with the
A20GT pin. If either the A bit is set or the A20GT
pin is high, the A20 line is undisturbed. If both are
low, then the A20 line is gated low. If the DA bit is
set, then a CPU reset generated by the keyboard
controller will reset the A bit; the A bit will not be
reset by a hot reset generated by the FE3021. A
hot reset is generated by changing the H bit from
a’0’ to a’1’. 131 clocks after the trailing edge of
the MEMW strobe, the FRES pin will be pulled
low. The reset pulse lasts for 32 clocks, then the
FRES pin is actively pulled high for one clock
cycle, then is tri-stated. If the FRES pin is pulled
low externally (e.g. if wire-OR’ed with the 8042
CPU reset line), then the internal FE3021
registers will relock. If the FRES pin is not used,
then it should be pulled up externally or the
FE3021 registers will not unlock.

Bit 3 is a writeable bit which is not currently used.

Vf 11/16/90 4-9




FE3021

/0 CONTROL

ENABLE PORTS REGISTER

FFF10 | X X X | X EN3 EN2 EN1 ENO

7 6 5 4 3 2 1 0

THE ENABLE PORTS REGISTER IS CLEARED
BY AMASTER RESET.

The programmable PORT 0, PORT 1, PORT 2,
and PORT 3 chip selects are enabled with the
Enable Ports register. If the Enable bit is 0, the
port chip select bit will always be at an inactive
(high) state. All four ports are disabled after
master reset. EN3 enables CS3 only when CS3
is a programmed chip select. When CS3 is a
HDC chip select, CS3 is enabled by register
FFF49, bit 1.

For ports 0, 1, and 2, the access will have the
default wait states: 1 wait state for 16 bit acces-
ses and 4 wait states for 8 bit accesses, with the
wait states set from the FE3001. The selected
chip must generate 10CS16 if it is a 16 bit
peripheral.

PORT 3 CONTROL REGISTER
f

FFFO8 X X X X ws WSE | OB

|
7 6 5 4 3 2 1 0

THE PORT 3 CONTROL REGISTER IS
CLEARED BY A MASTER RESET.

WSE: HIGH SPEED HDC WAIT
STATE ENABLE

0: High Speed HDC Wait
States Set By FE3001

1: High Speed HDC Wait
States Set By WS Field

WS HDC DATA PORT HIGH
SPEED WAIT STATES
00 1
01 ‘ 2
10 3
1 4
0B CS3 WAIT STATES
0 Default (slow)
1 High Speed Hard
Disk Controlier

For port 3, the access will normally have the
default wait states but may also be programmed
to have high speed wait state timing when CS3 is
programmed as a hard disk chip select and the
on-board 16-bit hard disk controller is capable of
high speed access. When the high speed disk
controller configuration is used, the WSE and OB
fields should be set to '1’, and the WS field will
set the number of high speed wait states, timed
from the CPUCLK, rather than from SYSCLK.
The other disk controller ports will always be ac-
cessed at low speed.

When OB is set to a 1, the FE3021 will generate
the ONBD signal to the FE3001 during HDC ac-
cesses through port 3. The FE3001 will provide
the same number of wait states it does for on-
board memory. If it is desired, the number of wait
states for the HDC can be extended using the
WS and WSE fields.

When implementing a high speed disk controller
port, it is necessary to provide a separate ad-
dress path for the hard disk controller. The HDC
receives ungated 1/O read and write strobes at
the full CPU speed. The following schematic il-
lustrates the required connections.

4-1 P
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/O CONTROL FE3021
A A23-A0
80286 D15-DO -
FE3031 SD15-SD0 AT DATA BUS
S0 S1
37C65
YIOR- FE3021 IOR- FLOPPY
YIOW- IOW- CTRL
FE3001
A CS3
RD- D
>|WR-
42C22
> CS-  HDC
A3-A0
D A3-A0
ALE __1IC
latch

Figure 3. High Speed HDC Configuration
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FFF09 |
FFF11
FFF19 | X | X | X | X | O | U | LMASK
FFF21 |
7 6 5 4 3 2 1 0
LMASK ADDRESS BITS COMPARED
00 A9 A8 A7 A6 A5 A4 A3 A2 AT X
01 A9 A8 A7 A6 A5 A4 A3 A2 X X
10 A9 A8 A7 A6 A5 A4 A3 X X X
11 A9 A8 A7 A6 A5 A4 X X X X
U =0 : INCLUDE A8 IN ADDRESS COMPARISON
LMASK ADDRESS BITS COMPARED
00 A9 X A7 A6 A5 A4 A3 A2 Al X
01 A9 X A7 A6 A5 A4 A3 A2 X X
10 A9 X A7 A6 A5 A4 A3 X X X
11 A9 X A7 A6 A5 A4 X X X X

U =1 :I1GNORE A8 IN ADDRESS COMPARISON
THE PORT ADDRESS MASK REGISTER IS CLEARED BY AMASTER RESET.

PORT PORT CONTROL NOTE: Bit 3 is not writeable and is always '0’.
REGISTER ADDRESS
0 FFF09
1 FFF11
2 FFF19
3 FFF21

)
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PORT ADDR - LOWER MSB

FFFOA
FFF12
EFF1A X X X X X X A9 | A8
FFF22
7 6 5 4 3 2 1 0
PORT ADDR - UPPER LSB
FFFOB
FFF13
FFF1B ‘X X X X | A7 | A6 | A5 | A4
FFF23
7 6 5 4 3 2 1 0
PORT ADDR - LOWER LSB
FFFOC
FFF14
FFF1C X X X X | A3 | A2 | At 0
FFF24

7 6 5 4 3 2 1 0

PORT | PORT /O ADDRESS REGISTERS
A9-A8 A7-A4 A3-AQ

0 FFFOA FFFOB FFFOC

1 FFF12 FFF13 FFF14

2 FFF1A FFF1B FFF1C

3 FFF22 FFF23 FFF24

The PORT /O ADDRESS registers for all four odd addresses, so that access may be made to

ports are set to all zeros by a master reset. the FE3001 control register at address 073.

The following tables list the 1/O addresses and The floppy controller operations register select,
chip selects generated for each fixed port type. configuration register select, and floppy disk
The chip selects are not gated with IOR or IOW. controller chip select may be generated from the

The CSNMI signal is decoded for both even and CSF pin and the ADDR2 and ADDR1 lines.

ADDR2 ADDR1 CSF
OPERATIONS REGISTER ACCESS 0 X 1
CONFIG REGISTER ACCESS 1 1 1
FLOPPY CHIP SELECT ACTIVE X 0 1

'ff 11/16/90 4-13



FE3021 //O CONTROL
PORT |BIT SIZE 1/0 ADDRESS | ACTIVE PIN FUNCTION
FLOPPY 8 3F2 CSF FDC Operation Select.
372 3F2 Is Primary Address,
372 Is Secondary
8 3F4-3F5 CSF 3F4-3F5 Are Primary
374-375 Addresses, 374-375 Are
Secondary.
8 3F6 CS3* Hard Disk Controller
376 Chip Select. 3F6 Is
Primary Address, 376
Is Secondary.
8 3F7 CSF CS3 And CSF Pins Will
377 CS3* Be Asserted. 3F7 Is
Primary Address, 377
Is Secondary.
80287 8 OEO-OFF CS287 80287 Chip Select.
8042 8 060-06E CS8042 8042 Chip Select.
(EVEN)
NMI
LOGIC 8 070-07F CSNMI Real Time Clock And
NMI Logic Select
PARITY
CHECK 8 061-06F CSPTB Parity Check Select
(ODD) And Port B Decode .
External Logic Must
Separate The Signals.
HARD
DISK 16 1FO CS3* HDC Chip Select - Data
170 Port Access. 1F0 Is
Primary Address,
170 Is Secondary
8 1F1-1F7 CS3 HDC Chip Select - TASK
171177 FILE. 1F1-1F7 Are
' Primary Addresses,
171-177 Are Secondary.

Table 5. /O Addresses/Chip Selects for Fixed Ports

*WHEN CS3 PIN IS PROGRAMMED AS HDC CHIP SELECT .

4-14
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FE3021

DH, PS, H, AND F ARE CLEARED TO 0’ BY
MASTER RESET

PRIMARY / SECONDARY PORT FUNCTION SELECT  NOTE: For early production version (ID Register

FFF49 X X | X X |{DH |{PS | H F

DH=0: CS3 pin will respond to address
programmed by FFF22-FFF24

DH=1: CS3 pin will respond to hard disk addres-
ses

PS=0: Primary hard disk and floppy disk address
PS=1: Secondary hard disk and floppy disk ad-

H=0: On-board hard disk controller enabled
=1: Disable on-board hard disk controller
F=0: On-board floppy disk controller enabled
F=1: Disable on-board floppy disk controller

= 0000, 1011) bits 2 - 0 had different
definitions:

Bit 2 = 0: Enable CSF Output
Bit 1 = 0: Primary Hard Disk Address
Bit 0 = 0: Primary Floppy Disk Address

.'o. 11/16/90
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MEMORY CONTROL

6.0 MEMORY CONTROL

Four RAS pins are available for controlling up to

The RAS and CAS lines drive the DRAM array

four 16 bit wide banks of system board RAM. directly.
Eight CAS pins control the low and high bytes of
each bank. During a refresh cycle, all RAS sig-
nals will be active (ignoring the RAM configura-
tion register FFF57) and CAS signals will stay
inactive.
PIN NUMBER MNEMONIC |1/0 FUNCTION
128 RASO (0] RAS Signal For DRAM Memory Bank 0
129 RAS1 O RAS Signal For DRAM Memory Bank 1
130 RAS2 0] RAS Signal For DRAM Memory Bank 2
132 RAS3 (©) RAS Signal For DRAM Memory Bank 3
125 CASLO 0] CAS Signal For DRAM Memory Bank 0,
Low Byte
126 CASL1 O CAS Signal For DRAM Memory Bank 1,
Low Byte
2 CASL2 ¢ CAS Signal For DRAM Memory Bank 2,
Low Byte
3 CASL3 o CAS Signal For DRAM Memory Bank 3,
Low Byte
4 CASHoO (0] CAS Signal For DRAM Memory Bank 0,
High Byte
5 CASHA1 (6] CAS Signal For DRAM Memory Bank 1,
High Byte
6 CASH2 0] CAS Signal For DRAM Memory Bank 2,
High Byte
131 CASHS3 o] CAS Signal For DRAM Memory Bank 3,
High Byte
18 REFR | Memory Refresh Signal
43 CSPROM o BIOS PROM Select
26 TAP2 | Second Tap Output Of RAS Delay Line
44 TAP1 | First Tap Output Of RAS Delay Line
58 RAS (0] To RAS Delay Line Input
23 DBLE o} To FE3031 Memory Data Bus Latch Enable
24 ‘ ADRO | From FE3001 Byte Conversion
Table 6. Memory Control Pin Information
4-16 11/16/90
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MEMORY ADDRESS MULTIPLEXER FE3021

7.0 MEMORY ADDRESS MULTIPLEXER

The memory address multiplexer generates the The memory address multiplexer is designed so
row and column addresses for the DRAM. The that SIMM mounted DRAM's of the three dif-
memory address multiplexer outputs should be ferent sizes may be inserted into SIMM sockets
buffered by external drivers when driving the without the need to change board jumpers.

memory array.

The memory address multiplexer supports three
sizes of DRAM: 64K, 256K, and 1 MB. The three
sizes of DRAM’s may be intermixed in any order.

PIN NUMBER MNEMONIC | l/O FUNCTION
31 RAO O Memory Address Multiplexer Output Bit 0 (LSB)
32 RA1 0] Memory Address Multiplexer Output Bit 1
33 RA2 (0] Memory Address Multiplexer Output Bit 2
34 RA3 0] Memory Address Multiplexer Output Bit 3
35 RA4 (0] Memory Address Multiplexer Output Bit 4
36 RA5 O Memory Address Multiplexer Output Bit 5
37 RA6 O Memory Address Multiplexer Output Bit 6
38 RA7 0] Memory Address Multiplexer Output Bit 7
39 RA8 O Memory Address Multiplexer Output Bit 8
41 RA9 0] Memory Address Multiplexer Output Bit 9 (MSB)

Table 7. Memory Address Multiplexer Outputs

64K DRAM ADDRESS MULTIPLEXER CONFIGURATION

Memory Mode MAS MA8 MA7 MA6 MA5 MA4 MA3 MA2 MA1 MAO

Independent RAS (A10 A9) A8 A7 A6 A5 A4 A3 A2 Al
Non Page Mode CAS (A20 A18) A16 A15 A14 A13 A12 A1l A10 A9
Independent RAS (A20 A18) A16 A15 A14 A13 A12 A1l A10 A9
Page Mode CAS (A10 A9) A8 A7 A6 A5 A4 A3 A2 Al
2 Way Intlv RAS (A20 A18) A16 A15 A14 A13 A12 A1l A10 A17
Page Mode CAS (A10 A9) A8 A7 A6 A5 A4 A3 A2 Al
4 Way Intlv RAS (A20 A18) A16 A15 A14 A13 Al12 A1l Ai8 A17
Page Mode CAS (A10 A9) A8 A7 A6 A5 A4 A3 A2 Af
256K DRAM ADDRESS MULTIPLEXER CONFIGURATION

Independent RAS (A10) A9 A8 A7 A6 A5 A4 A3 A2 A1l

Non Page Mode CAS (A20) A18 A16 A15 A14 A13 A12 A1l A10 A17

Independent RAS (A20) A18 A16 A15 A14 A13 A12 A1l A10 A17
Page Mode CAS (A10) A9 A8 A7 AB A5 A4 A3 A2 A1l

Page Mode CAS A9 A8 A7 A6 A5 Ad A3 A2 A1

(
(
2 Way Intlv RAS (A20) A18 A16 A15 A14 A13 A2 A1l A19 A17
(
(

)
4 Way Intlv RAS (A20) A18 A16 A15 A14 A13 A12 A20 A19 A17
)

Page Mode CAS (A10) A9 A8 A7 A6 A5 A4 A3 A2 A1

Table 8. Address Multiplexer Configurations

L) -
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1 MBIT DRAM ADDRESS MULTIPLEXER CONFIGURATION
Independent RAS A10 A9 A8 A7 A6 A5 A4 A3 A2 A1
Non Page Mode CAS A20 A18 A16 A15 A14 A13 A12 A1l A19 A17
Independent RAS A20 A18 Ai16 A15 A14 A13 A12 A1l A19 A7
Page Mode CAS A0 A9 A8 A7 A6 A5 A4 A3 A2 A
2 Way Intlv RAS A20 A18 A16 A15 A14 A13 A12 A21 A19 A17
Page Mode CAS A0 A9 A8 A7 As A5 A4 A3 A2 Al
4 Way Intlv RAS A20 A18 A16 A15 A14 A13 A22 A21 A19 A17
Page Mode CAS A10 A9 A8 A7 A6 A5 A4 A3 A2 A1
REFRESH ADDRESS - ALL DRAM SIZES

A9 A8 A7 A6 A5 A4 A3 A2 Al AQ

Table 8. Address Multiplexer Configurations (Continued)

NOTE: Addresses in parentheses not used by
DRAM.

SYSTEM BOARD ROM WAIT STATE

CONTROL REGISTER
T
FFF50 | X | X | X | X | RWS | o0 | RWSE
76 5 4 3z 0
RWS HIGH SPEED
WAIT STATE
00~ 1
01 2
10 3
11 4

RWSE=1: Enables RWS, otherwise on-board
ROM and RAM Wait States will be set
by FE3001.

THIS REGISTER IS CLEARED TO ZERO BY
MASTER RESET.

The FE3021 can extend the number of processor
wait states for an on-board BIOS access by set-
ting the RWSE bit to a '1". The number of wait
states will then be determined by the value of the
RWS field. If the RWSE bit is set to a '0’, the
number of wait states for an on-board BIOS ac-
cess is controlled by the FE3001.

The ability to add wait states for BIOS accesses
is important for a 16-bit BIOS because the on-
board memory read wait states programmed into
the FE3001 apply to both on-board BIOS and
on-board DRAM. That value will be programmed
to optimize DRAM access time (typically zero
wait states for page mode operations). This very
fast access time will likely be too quick for BIOS
ROMs and can therefore be extended for BIOS
accesses by setting the RWSE bit.

Bit 1 is used for diagnostic purposes and should
remain '0’.

The system BIOS address space may be from FO000
to FFFFF or EO000 to FFFFF. If the EGA BIOS is to
be mapped, then the BIOS ROM chip select is also
active when the region from C0000 to C3FFF or
CO0000 to C7FFF is addressed. The address output
onto the expansion bus will be automatically trans-
lated. The BIOS PROM size and number of wait
states will then apply to both the system BIOS region
FO000-FFFFF and CO000-C3FFF.

The BIOS EPROM size may either be 8 bits or 16
bits. The EPROM size is determined at reset time,
and is signaled by the IORDY line. If the IORDY line is
high at the trailing edge of master reset, then the
EPROM size is set to 16 bits. If the IORDY line is low
at the trailing edge of master reset, then the EPROM
size is set to 8 bits. No extemal logic is required for the
16 bit EPROM size. To select the 8 bit EPROM size,
the IORDY line should be pulled low by a master
reset. The MDATA bus is used for 16 bit EPROM’s
while the EDATA bus is used for 8 bit EPROM's.

The CSPROM signal is only active when MEMR
is active.

11/16/90
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FE3021

MEMORY ADDRESS RANGE
FOR ACTIVE CSPROM

FUNCTION

0F0000-0FFFFF
FF0000-FFFFFF

BIOS SIZE = 64K (DEFAULT)

OEO000-OFFFFF
FEOO00-FFFFFF

BIOS SIZE = 128K

0C0000-0C3FFF

16K EGA BIOS Mapping Enabled

Addresses Translated To 0F8000-0FBFFF
Or OF0000 - OF3FFF

0C0000-0C7FFF

32K EGA BIOS Mapping Enabled
Addresses Translated To 0F8000-OFFFFF
Or OF0000 - OF7FFF
* A16 is ignored in early production version (0000, 1011)

EPROM / RAM MAP CONTROL REGISTER

T

FFF51 X X X X EGA MS PS
|
7 6 5 4 3 2 1 0
EGA=00 MS=X: No EGA mapping.

EGA=01 MS=0: 16K EGA map. C0000 - C3FFF
mapped to F8000 - FBFFF

MS=1: 16K EGA map. CO000 - C3FFF
mapped to FO000 - F3FFF

EGA=10  MS=0: 32K VGA map. C0000 - C7FFF
mapped to F8000 - FFFFF

MS=1: 32K VGA map. C0000 - C7FFF
mapped to FO000 - F7FFF

PS = 0: PROM chip select will be active

when address is 0OFO000-OFFFFF

or FFO000-FFFFFF, for 64K

of BIOS.

Default case after master reset.
1: PROM chip select will be active

when address is 0EO000-OFFFFF

or FEOOOO-FFFFFF, for

128K of BIOS.

THIS REGISTER IS CLEARED TO ZERO BY A
MASTER RESET.

FFF52 X X X X [XLA| 0" |MLA|FAD

ALL BITS ARE CLEARED BY MASTER RESET

XLA=0: LA23 - LA17 low speed timing

XLA=1: LA23 - LA17 high speed timing

MLA=0: LA23 - LA17 latches are transparent
during refresh cycles

MLA=1: LA23 - LA17 gated to '0’ during refresh
cycles

FAD=0: 3 wait state EMS misses

FAD=1: 2 wait state EMS misses

Register FFF52 controls logic for various speed
enhancement and diagnostic modes. The XLA bit
controls the timing of the LA23 - LA17 signals.
Use of this bit can affect compatibility of plug-in
bus cards.

When XLA=0, LA23 - LA17 signals are
generated by latching the processor addresses
by active SO or S1. The LA23 - LA17 latches
become transparent when a MEMR, MEMW,
IOR, or IOW strobe occurs. This bit should be 0
when running at 8 MHz, when the FE3001 is
using the low speed clock.

N
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MEMORY ADDRESS MULTIPLEXER

When XLA=1, LA23 - LA17 signals are latched
by active SO or S1, but do not become
transparent again until two CPU clocks after
MEMR, MEMW, IOR, or IOW. This delay
provides proper 8 MHz bus emulation of the
LA23 - LA17 signals when the processor is run-
ning at 16 MHz.

The MLA bit is provided for diagnostic purposes.
Bit 2 of register FFF52 is reserved and must be
0.

The FAD bit can be used to enhance EMS per-
formance for lower speed systems. EMS misses
are normally three wait states, which are neces-
sary for 16/20 MHz operation. At 12 MHz and
below; EMS misses only need to be two wait
states. This bit can be used for the non-page or
page mode 2 operation at 12 MHz or below. This
bit should remain O for page mode 3 or 16/20
MHz operation.

A single contiguous block of memory may be
write protected, so that when BIOS ROM is
copied into RAM, the RAM copy will not be inad-
vertently altered. Write protection is ac-
complished by not asserting CAS when MEMW
is active.

Master reset clears the upper address boundary
registers and presets the lower address bound-
ary registers, which disables write protection.
Write protection is enabled on the address range
where the RAM address is less than or equal to
the upper address boundary as well as greater
than or equal to the lower address boundary.

RAM WRITE PROTECT
UPPER ADDRESS BOUNDARY

FFF53 X X X X "1 |A18 |A17 | A16

7 6 5 4 3 2 1 0
THIS REGISTER IS CLEARED BY MASTER RESET

RAM WRITE PROTECT
LOWER ADDRESS BOUNDARY

FFF55 X X X X |1 |A18 |[A17 | A16

7 6 5 4 3 2 1 0
THIS REGISTER IS PRESET TO ALL "1’ BY MASTER RESET

Write protection is programmable on 64K boun-
daries, and the write protection boundaries must
be equal to or above 80000H and equal to or
below FFFFFH. Write protection will not affect
EMS writing even if the EMS window address
range is covered by write protection boundaries.
This allows protection of BIOS code copied into
RAM without affecting operation of EMS.

The memory banks may be programmed to
various sizes on 128K boundaries, except the
upper split of bank 0, which is programmable on
64K boundaries.

A pair of window registers determines the ad-
dress range for each memory bank. This allows
the banks to be positioned at varying points and
in different order than the bank number. If one
bank of memory is defective, it can be disabled
and the other banks can be programmed to
replace it.

NOTE: For the early production version of the
FE3021 (version reg=0000, 1011), bank 0 has
three pairs of window registers to allow split ad-
dressing. The bottom split could be used for con-
ventional memory from 8000 to 9FFFF. The top
split could be used for extended memory or
could be used to copy main BIOS from ROM to
RAM in the address range E0000 or FOO0O0O0 to
FFFFF. A middle split was available for copying
user and video BIOS from ROM to RAM. This
middle split had boundaries programmable be-
tween C0000 to DFFFF in 16K address incre-
ments. One limitation was that if the middle split
were used, unused memory between the splits
could not be translated and used for extended
memory.

For the production version of the FE3021 (ver-
sion reg=0000, 1001), the middle split of Bank 0
was removed. Video BIOS is shadowed instead
by mapping the EGA/VGA BIOS to F0O000 or
F8000 and then shadowing the FO000 - FFFFF
BIOS area. This method also allows a ROM resi-
dent setup program to reside at FOO00 in ROM,
which can be replaced with EGA/VGA BIOS by
shadowing. This method allows a 512K bank to
be allocated as 128K of conventional memory,
64K of shadowed VGA and system BIOS, and
320K of extended or EMS memory.

_ n
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BANK 0 - LOWER SPLIT
UPPER ADDRESS BOUNDARY

FFF57 X X X X | A19 A18 A17 | 0/1*

7 6 5 4 3 2 1 0
UPPER BOUNDARY MUST BE OFXXXX OR BELOW

LOWER ADDRESS BOUNDARY

FFF59 X X | X X | A19 A18 A17 | 0/1*

7 6 5 4 3 2 1 0
LOWER BOUNDARY MUST BE 0FXXXX OR BELOW

UPPER ADDRESS BOUNDARY = 09XXXX (HEX) BY MASTER RESET
LOWER ADDRESS BOUNDARY = 08XXXX (HEX) BY MASTER RESET

BANK 0 - UPPER SPLIT BANK 0 - UPPER SPLIT
UPPER ADDRESS BOUNDARY - MSD UPPER ADDRESS BOUNDARY - LSD
FFFSA X X X X A23 A22 A21 A20 FFF5B X X X X A19 A18 A17 A6~
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
LOWER ADDRESS BOUNDARY - MSD LOWER ADDRESS BOUNDARY - LSD
FFF5C X X | X X | A23 A22 A1 A20 FFF5D X X X X A19 A18 A17 A16**
7 6 5 4 3 2 1 o 7 6 5 4 3 2 1 0

UPPER ADDRESS BOUNDARY = 00XXXX (HEX) BY MASTER RESET

LOWER ADDRESS BOUNDARY = FFXXXX (HEX) BY MASTER RESET
( UPPER SPLIT DISABLED )

* Don't care
** A16 is ignored in early production version (0000, 1011)
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BANK 0 - MIDDLE SPLIT (ONLY IN EARLY PRODUCTION VERSION)

UPPER ADDRESS BOUNDARY - LSD

UPPER ADDRESS BOUNDARY - MSD

FFF5E X X X X v 1 0 A16 FFF5F X X | X | X | A5 A14 0 0’

LOWER ADDRESS BOUNDARY - MSD

LOWER ADDRESS BOUNDARY - LSD
FFF60 X X X X 1 1 0 A16
7 6 5 4 3 2 1 [) FFF61 X | X | x| x| A5 | Aa1a | 0 0
UPPER ADDRESS BOUNDARY = 00XXXX (HEX) BY MASTER RESET 7 3 5 2 3 2 1 0
LOWER ADDRESS BOUNDARY = FFXXXX (HEX) BY MASTER RESET
(MIDDLE SPLIT DISABLED)
BANK 1 BANK 1
UPPER ADDRESS BOUNDARY - MSD UPPER ADDRESS BOUNDARY - LSD
FFF62 x | x| x| x| a3 | Aa22 | A21 | A20 FFF63 X | X | X | X | A19 | A18 | A17 | 0/1*
7 6 5 4 3 2 1 [} 7 6 5 4 3 2 1 [

LOWER ADDRESS BOUNDARY - MSD
LOWER ADDRESS BOUNDARY - LSD

FFF64 X X X X A23 A22 A21 A20
FFF65 X | x| x| x| A9 A18 | A17 | oi1*
7 6 5 4 3 2 1 (1]
UPPER ADDRESS BOUNDARY = 07XXXX (HEX) BY MASTER RESET 7 6 5 4 3 2 1 0
LOWER ADDRESS BOUNDARY = 00XXXX (HEX) BY MASTER RESET
* Don’t care

)
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BANK 2 BANK 2

UPPER ADDRESS BOUNDARY - MSD UPPER ADDRESS BOUNDARY - LSD

FFF66 X X | X | X | A23 A22 A21 A20

FFF67 X X X X A19 A18 A17 0/1*

7 6 5 4 3 2 1 0

THESE REGISTERS ARE CLEARED BY MASTER RESET

LOWER ADDRESS BOUNDARY - MSD

LOWER ADDRESS BOUNDARY - LSD
FFF68 X X | X X | A23 A22 A21 A20

7 6 5 4 3 2 1 0 FFF69 X X X X A19 A18 A17 0/1*

THESE REGISTERS ARE PRESET TO ALL *1’ BY MASTER RESET 7 6 5 4 3 2 1 0
(BANK 2 DISABLED BY MASTER RESET)

BANK 3
BANK 3
UPPER ADDRESS BOUNDARY - MSD
UPPER ADDRESS BOUNDARY - LSD

FFF6A X X | X X [ A23 A22 A21 A20

FFF6B X X X X A19 A18 A17 0/1*

7 6 5 4 3 2 1 0

THESE REGISTERS ARE CLEARED BY MASTER RESET

LOWER ADDRESS BOUNDARY - MSD
LOWER ADDRESS BOUNDARY - LSD

FFF6C X X | X X | A23 A22 A21 A20

7 6 5 4 3 2 1 0 FFF6D | X | X | X | X | A19 | A18 | A17 | o/t*

THESE REGISTERS ARE PRESET TO ALL ’1’ BY MASTER RESET 7 6 5 4 3 2 1 0

(BANK 3 DISABLED BY MASTER RESET) D
on't care
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The RAM banks may be either independent or
two-way or four-way page interleaved. DRAM
banks which are interleaved must be the same
DRAM size.

This register is not used in non-page mode.

When the memory system operates in page
mode, the banks of memory may operate inde-
pendently or may be interleaved. Interleaving
may decrease the average number of wait
states, thus increasing performance, but inter-
leaving may only be done if the memory banks to
be interleaved are the same size.

FFF6F X X | X X [ 0/1* CFG

7 6 5 4 3 2 1 0

* Don't care

2 WAY INTERLEAVE

CFG FUNCTION

000" All banks are independent

011 Bank 2 paired with Bank 3,
Banks 0 and 1 are
independent

101 Bank 0 paired with Bank 1,
Banks 2 and 3 are
independent

111 Bank 0 paired with Bank 1,
Bank 2 paired with Bank 3

110 All four banks are
interleaved

* : Default after Master Reset

4 WAY INTERLEAVE

3 3
2 2
3 1
| BANKS 2 +3
2 0
3 3
0 j 0
1 3
| BANKS 0 + 1
0 2
2047
1 1
1024
1023
0 ] 0
0
ADDRESS
4-24 11/16/90
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When the memory system operates in page
mode, accesses to DRAM in the same page are
made with zero wait states. An access to a dif-
ferent page, or the first access to a page after a
refresh, DMA, or master cycle will be made either
with two wait states for memory mode 2, or three
wait states for memory mode 3. The actual page
size is variable, depending on the DRAM size.

DRAM SIZE PAGE SIZE
64K 512 bytes
256K 1024 bytes
1M 2048 bytes

Multiple banks of memory operating in page
mode may operate independently or may be
interleaved. Interleaving may decrease the

average number of wait states, thus increasing
performance, but interleaving may only be done if
the memory banks to be interleaved are the same
size. Only banks 0 and 1 or banks 2 and 3 may
be interleaved together when implementing 2-way
interleave. When banks 0 and 1 are interleaved,
bank 1 boundary registers should be programmed
so that the bank is disabled and the bank 0 boun-
daries should be programmed as if bank 0 were
twice the normal size. As an example, for a sys-
tem with 2 banks of 256K DRAM operating inde-
pendently, the banks could be programmed as
shown in the upper diagram below.

When the banks are interleaved, the banks
would be programmed as shown in the lower
diagram below.

1408K - .
1024K ——— bank 0 upper split
640K bank 0 lower split
512K -
512K
0- bank 1
1408K -
1024K —— bank 0 upper split
6‘:)0:(( ) ——— bank 0 lower split
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MEMORY ADDRESS MULTIPLEXER

The following tables illustrate memory system
characteristics with various configurations of
memory and processor speed, both for page
mode and non-page mode DRAM access.

For a page mode hit, the read and write acces-
ses may have different performance. For a page

mode miss or the first access to a page, the read
and write accesses have the same performance.
In a page mode miss, RAS starts out low: and
must be brought high for a RAS precharge time
before the memory can be accessed.

CPU WAIT STATES
- DE EMS DRAM SPEED
| NON-PAGE MO FREQUENCY READ WRITE MISS
MODE 4 8 MHz 0 0 2 120 ns
MODE 0 16 MHz 1 1 3 80 ns
MODE 4 12.5 MHz 1 1 2 120 ns
CPU WAIT STATES
PAGE MODE NON-EMS EMS
FREQUENCY READ WRITE MISS MISS DRAM SPEED
MODE 2 12.5 MHz 0 1 2 3 120 ns
MODE 3 20 MHz 0 1 3 3 80 ns
MODE 3 16 MHz 0 1 3 3 100 ns
MODE 3 12.5 MHz 0 1 3 3 120 ns
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MEMORY ADDRESS MULTIPLEXER FE3021

RAM SIZE CONFIGURATION REGISTER - BANK 1 AND 0

BNk BNK o SZ =00 *: 256K
1 01 :1M
FFF70 :
§z sz 10 : RESERVED
| | 11 :64K

3 2 1 0

RAM SIZE CONFIGURATION REGISTER - BANK 3 AND 2

T T
BAK 3 BNK 2 SZ =00 *: 256K
FFF71 01 :1M
Sz sz 10 : RESERVED
| \ 11 :64K

3 2 1 0

The DRAM timing is set by an external delay line actually switched duriB%\Aa processor hold state

for DMA or master mode transfers. The RAS caused by a refresh, A, or bus master cycle.
leading edge becomes active from the active The Present DRAM Timing Mode register con-
level of the MEMR or MEMW signals. tains the current timing mode. Registers FFF72

and FFF73 will thus disagree until after a proces-
The DRAM timing modes are programmed by writ- sor hold state occurs; typically, a refresh cycle
ing into register FFF72. The DRAM timing mode is will occur in 10 to 15 microseconds.

DRAM TIMING MODE

T T
FFF72 X X | X X | D DTYP

1 1
7 6 5 4 3 2 1

DRAM TIMING MODE WILL GO INTO EFFECT AFTER
REFRESH, DMA, OR OTHER HOLD CYCLE

PRESENT DRAM TIMING MODE

T T
FFF73 X X | X X | D DTYP READ-ONLY

I I
7 6 5 4 3 2 1

DTYP DRAM MODE

000" Non-Page (MODE 0)

001 Zero Wait State Read, One Wait State Write (MODE 1)

010 Page Mode DRAM At 12.5 MHz CPU rate (MODE 2)

011 Standard Page Mode for 8-20 MHz CPU rate (MODE 3)

100 Identical to Mode 0, but RAS delayed (MODE 4)
one-half CPU clock

101 Non-Page for 8-12 MHz CPU rate,with 0 Wait (MODE 5)
States, RAS pulse width is 2 CPU clocks

* .

Default after Master Reset

D = 0: Normal operation (default)

1: Reversed for diagnostics;

disables DRAM Page Mode Hit/Miss logic
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EMS MEMORY

8.0 EMS MEMORY

RAM memory above 1024K may be used both
“for expanded or extended memory. EMS memory
may be as small as 128K bytes or as large as
7168K bytes. The EMS memory is accessed by
two sets of EMS Page Registers, which reside in
user I/O space. Each set of EMS Page Registers
points to 36 blocks of memory, each block 16K
bytes in size, which make up the EMS Page
Frame. Four of the blocks are located above
640K, with the other 32 blocks located between
128K and 640K.

Each EMS Page Register is associated with one
page of the EMS Page Frame, and consists of
an enable bit and a 10 bit page number. When
enabled, a 24 bit real address is formed by
taking the 10 bit page number and appending the
14 bit address referencing the byte or word in the
EMS page. The 24 bit address is then used to
access the DRAM memory controlled by the
FE3021.

In either page mode or non-page mode, if the
DRAM row address does not change, then no
additional wait states are required for EMS
translation. This will allow EMS access without
additional wait states if accesses are made to

the same 512, 1024, or 2048 byte page, depend-
ing on DRAM size.

The EMS hardware must first be configured by
programming the EMS control registers located
in the FFFOO-FFFFF register space, which is un-
locked by writing to memory location FFFOO eight
times. The 1/O port locations of the EMS Page
Registers are in user 1/O space and their loca-
tions are selected with EMS Configuration
Registers FFF75 and FFF78.

EMS Configuration Register FFF79 is used to
completely enable or disable EMS, as well as to
switch between the two sets of EMS Page
registers. When the 'E’ bitis '0’, EMS operation is
disabled and the EMS registers in user I/O space
are inaccessible. When this is '0’, it is as if the
EMS hardware had been "unplugged" from the
bus. When the 'E’ bitis a1, the EMS registers in
the user I/O space become accessible. Registers
FFF75 and FFF78 (which determine the 1/O port
addresses for the EMS logic), should be
programmed prior to setting the 'E’ bit to "1’

n
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FE3021

EMS CONFIGURATION REGISTER N

FFF75 N

3 2 1 0

THIS REGISTER IS LOADED WITH 0110’ BY MASTER RESET

EMS CONFIGURATION REGISTER M

FFF78 M

3 2 1 0

THIS REGISTER IS LOADED WITH *1000° BY MASTER RESET

EMS CONFIGURATION REGISTER

FFF79 | E |'0° | PFA

|

3 2 1 0
PFA=00:
PFA =01
PFA =10
PFA =11

E=1: MASTER ENABLE FOR EMS
BIT 2 RESERVED, '0’

EMS PAGE FRAME C4000-D3FFF
: EMS PAGE FRAME C8000-D7FFF
: EMS PAGE FRAME CC000-DBFFF
: EMS PAGE FRAME D0000-DFFFF

THIS REGISTER IS CLEARED BY MASTER RESET

MSD

FFF76 | A23 | A22 | A21 | A20

3 2 1 0

LSD

A19 A18 | A17 | 0/1*

FFF77

3 2 1 0

LOWER EMS BOUNDARY

THESE REGISTERS ARE SET TO 1111’ BY MASTER RESET

Registers FFF76 and FFF77 are used to allocate
memory for EMS, on 128K byte boundaries.
Memory with addresses below the EMS bound-
ary is accessed normally, as conventioanl or ex-
tended memory.

On-board memory with addresses above the
EMS boundary is reserved for use only as EMS

* Don't care

memory. DRAM memory accesses to addresses
above the EMS boundary are made to the ex-
pansion bus. This allows EMS, off-board, and on-
board extended memory to be used simul-
taneously.

N

11/16/90
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EMS MEMORY

EMS REGISTER CPU ADDRESS
0 080FFF
RESULT 1: 0 OFFF
23 14 13 0
10 EMS LOWER ADDRESS BOUNDARY
23 16
RESULT 2: 1 0 0 FFF GENERATED ADDRESS

Any CPU address above 1 MB (the EMS lower
address boundary), is assumed to reference
memory on the expansion bus, rather than on-
board memory, which prevents extended
memory references from affecting on-board EMS
memory.

EMS DMA Control Register FFF7A is used to
control the selected EMS map register set
during DMA or master transfers. This allows DMA
transfers to be made to a particular EMS task,
whether or not it is the currently selected task.

On-board memory may be allocated either to ex-
tended or to EMS memory in 128K byte blocks.
EMS memory is allocated from the top of on-
board memory down to the desired limit.

As an example, if the system contained 2 MB of
DRAM, the memory map (without EMS) might
look similar to figure 5a on the following page.
The system would contain 640K of conventional

memory and 1,280K of extended memory. The
1,280K of extended memory is composed of two
parts: the original 1,024K and 256K of memory
relocated from 0A0000 - 0E0000. The 128K area
from OE0000 - OF0000 could also be relocated
but in this example, it is not.

Figure 5b illustrates the memory map after EMS
has been installed. The EMS boundary registers
have been programmed so that on-board
memory above 1,152K is reserved for EMS.
128K of on-board extended memory remains be-
tween 100000 - 120000. Additional extended
memory could be added on the expansion bus,
starting at 120000. Two EMS areas are shown,
one 64K area at 0D0000 - 0E0000, and the other
at 020000 - 0A0000.

Figure 5¢ shows the possible EMS page num-
bers ranging from 0 - 4F for the 1,280K of
memory available for EMS paging.

_ -
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suonjeinbyuon dey Alows/SINT 't 94nbBig

23 2304K

22 256K

2048K

1024K

04 | CONVENTIONAL

a ) 2 MB Memory Map
before EMS installed

i - 2304K
I |
| 1152K REMOVED |
| FOR EMS |
! |
11 1152K
10
OF |
OE
oD | G4KEMS |
OC| e
0A ;_;
Lk 640K
© | 512K EMS |
A
01 128K
00 | CONVENTIONAL 0

b) EMS Installed

EMS PAGE #
(ADJUST ON, BIT 2 = 0)

47

1152K
0
N/A
N/A
72 PAGES TOTAL

= 1152K EMS

¢ ) Available EMS
Memory

AHOW3IN SW3
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FE3021

EMS MEMORY

The EMS Control Register and EMS Page
Registers are addressed in the user 1/O port ad-
dress space, 1/O ports 100 (hex) through 3FF
(hex). The EMS Control Registers and EMS
Page Registers are selected when the 1/0 port
address bits 9 - 6 match the value 'M’
programmed by register FFF78 and the 1/O port
address bits 5 - 2 match the value 'N’
programmed by register FFF75.

The EMS I/0 Control Port is used to enable or
disable EMS translation. When EMS translation
is disabled, the EMS 1/O control port and EMS
page registers may still be accessed, but EMS
page swapping will not occur.

The EMS /O Control Port is also used to select
the active page register set. When the processor

accesses EMS memory, it always uses the
register set specified by the TK bit. Normally,
when DMA accesses EMS memory, it also uses
the register set specified by the TK bit. Alterna-
tively, the DMA transfer may be made using a
particular register set, independently of the
register set currently being used by the proces-
sor. This allows a DMA operation to start, con-
tinue, and finish while the processor is time-slic-
ing and swapping back and forth between two
programs.

The P and W fields for each page register are
specified in the following table. Each EMS Page
register is composed of a one bit enable bit (E) and
a 10-bit page number (Q9-Q0). EMS translation for
the EMS page is enabled when the E bitis a’1’.

DMA TRANSFERS MADE TO MAP REGISTER

DMA TRANSFERS MADE TO MAP REGISTER

T 1 L
M N X | X

EMS CONTROL REGISTER
EMS /0
CONTROL EMS TK DTK | DEN
PORT
3 2 1
EMS =1: EMS TRANSLATION ENABLED
DEN=0:
SET SPECIFIED BY "TK" BIT
DEN=1:
SET SPECIFIED BY "DTK" BIT
EMS CONTROL REGISTER ADDRESS LOCATION
T
/O PORT
ADDRESS X[ X[ X[X]|1]1
|

I I S IS |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

EMS PAGE REGISTER - MSD

T 1 1 T 1 | l
1/0 PORT !
ADDRESS |I> 1]0 | nr rll | w E | 0|Qe-G8
: !
15 14 13 12 11 10 9 8 7 5 4 3 2 1 0 D3 D2 D1 DO
T 1 - T 1 | T 1
I/O PORT .
ADDRESS P o1 ‘ M | T L vlv |°7|°4
|
1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0 D3 D2 D1 DO
EMS PAGE REGISTER - LSD
/O PORT T T T T 1 1 [ T
sooeess | T 00 Y Y
| [
1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0 D3 D2 D1 DO

4-32

11/16/90



TEST MODE

FE3021

9.0 TEST MODE

All output pins will become tristated if YMEMR
and YMEMW are active simultaneously while MR
is active. The outputs will remain tristated if MR
is brought inactive while YMEMR and YMEMW

drivers again when MR is brought low without
both YMEMR and YMEMW active. This "all out-
put tristate" mode allows an in-circuit board
tester to drive the FE3021 output pins.

are both active. The outputs will become active

P w EMS PAGE
PFA=00 PFA=01 PFA=10 PFA=11
0000 | 11 D0000-D3FFF D4000-D7FFF D8000-DBFFF DCO000-DFFFF
0000 | 10 CCO000-CFFFF D0000-D3FFF D4000-D7FFF D8000-DBFFF
0000 | 01 C8000-CBFFF CCO000-CFFFF D0000-D3FFF D4000-D7FFF
0000 | 00 C4000-C7FFF C8000-CBFFF CCO000-CFFFF D0000-D3FFF
1001 1 9C000-9FFFF 624K TO 640K
1001 10 98000-9BFFF 608K TO 624K
1001 01 94000-97FFF 592K TO 608K
1001 | 00 90000-93FFF 576K TO 592K
1000 | 11 8C000-8FFFF 560K TO 576K
1000 | 10 88000-8BFFF 544K TO 560K
1000 | O1 84000-87FFF 528K TO 544K
1000 | 0O 80000-83FFF 512K TO 528K
0111 11 7C000-7FFFF 496K TO 512K
0111 10 78000-7BFFF 480K TO 496K
0111 01 74000-77FFF 464K TO 480K
0111 00 70000-73FFF 448K TO 464K
0110 11 6C000-6FFFF 432K TO 448K
0110 10 68000-6BFFF 416K TO 432K
0110 | 01 64000-67FFF 400K TO 416K
0110 | 00 60000-63FFF 384K TO 400K
0101 11 5C000-5FFFF 368K TO 384K
0101 10 58000-5BFFF 352K TO 368K
0101 01 54000-57FFF 336K TO 352K
0101 00 50000-53FFF 320K TO 336K
0100 | 11 4C000-4FFFF 304K TO 320K
0100 | 10 48000-4BFFF 288K TO 304K
0100 | O1 44000-47FFF 272K TO 288K
0100 | 00 40000-43FFF 256K TO 272K
0011 11 3C000-3FFFF 240K TO 256K
0011 10 38000-3BFFF 224K TO 240K
0011 01 34000-37FFF 208K TO 224K
0011 00 30000-33FFF 192K TO 208K
0010 | 11 2C000-2FFFF 176K TO 192K
0010 | 10 28000-2BFFF 160K TO 176K
0010 | 01 24000-27FFF 144K TO 160K
0010 | 00 20000-23FFF 128K TO 144K

Table 9. EMS Page Register Information

11/16/90
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FE3021 FE3021 PINOUT

10.0 FE3021 PINOUT

As illustrated in Figure 5, the FE3021 is pack-
aged in a 132-pin plastic flat pack. Table 10
groups the pins by function.

24z < §l=le|m T > c% or
SIS T 2 - 92«0
<ExBEhlEgsllagasnunEazgdsade
CERRSSISISeSI3ISISIESESERECSISE255082
NOWYTON-O I3 LLIRJaRk22E
REFR | 18 115 | A3
FRES | 19 , 114 | A4
CSNMI | 20 113 | A5
HE | 21 112 | A6
CSPTB 22 111 A7
23%5 :i 110 |A8 -
[OMEG | 25 109 | A9
TAP2 | 26 108 | GROUND
GROUND | 27 FE3021 107 |vee
RESET | 28 106 | ADDR
GROUND | 29 105 | ADDRO
vee | 30 104 | ADDR2
RAO | 31 103 | LA17
RA1 | 32 102 | LA18
RA2 | 33 101 | ADDR3
AE
99 | GROUND
RAS | 36 98 | ADDRS5
RA6 | 37
ra7 | 38 97 | ADDRe
RAS8 39 96 | ADDR7
SELDAT | 40 95 | LA19
RA9 | 41 94 | ADDR8
GROUND 42 93 | LA20
CSPROM | 43 92 [vce
T'ég_1 44 91 | GROUND
oss | 45 90 | A10
gsz | 46 i 89 | At1
CS1 | 47
Cso 48 88 | A12
CSF | 49 87 | A13
veC | 50 86 | Al4
85 | A15
84 | A16
T ANMOMTNDONDDO - ANMTUONODDOrANMITDONODDO —~ QM
LD OOOOOOWOOWOONNMNMNNMNNNNNNNGGO®®®
Q (%]
Qu:ml—o'\0|<m(\|§t"’wl‘t_>gogg“"'v—o"’moot\l"ogzuol\
ZW L oS R E r  rE S rrr 2 a3 252994d2 2z x
geed B0 5895955588588 23
gs <oz <xxf<x< EX] <%

Figure 5. FE3021 Pin Assignment
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FE3021

AT BUS DATA BUS 80286 INTERFACE MEMORY CONTROL
LA23 63 EDATA3 17 A23 74 RASO 128
LA22 70 EDATA2 16 A22 78 RAST 129
LA21 71 EDATA1 15 A21 79 RAS2 130
LA20 93 EDATAO 14 A20 80 RAS3 132
LA19 95 CHIP SELECTS A19 81 CASLO 125
LA18 102 AND CONTROL A18 82 CASLT 126
LA17 103 Cs0 48 A17 83 CTASL2 2
ADDR19 59 Cs1 47 A16 84 CASL3 3
ADDR18 61 Cs2 46 Al5 85 CASHO 4
ADDR17 62 Cs3 45 Al4 86 CASHA 5
ADDR16 64 CSF 49 A13 87 CASH2 6
ADDR15 65 CS8042 60 A12 88 CASH3 131
ADDR14 66 CS287 56 Al 89 REFR 18
ADDR13 68 CSNMI 20 A10 90 CSPROM 43
ADDR12 69 CSPTB 22 A9 109 ONBD 57
ADDR11 72 ADSTB 53 A8 110 BHE 21
ADDR10 73 SELDAT 40 A7 111 DBLE 23
ADDR9 75 YMEMR 10 A6 12 ADRO 24
ADDRS 94 YMEMW 1 A5 113 LOMEG 25
ADDR7 9% YIOR 12 Ad 114 A20GT 54
ADDR6 97 YIOW 13 A3 115
ADDR5 98 TOR 8 A2 116 RESET
ADDR4 100 TOW 9 Al 117 RESET 28
ADDR3 101 MEMORY ADDRESS| | Ag 118 FRES 19
ADDR2 104 Mux 50 119
ADDR1 106 RA9 41 57 120
ADDRO 105 RA8 39 WO 121
MASTER 52 RA7 38 CPUCLK 122

GROUND __ POWER RA6 37 HLDA 123
1 7 RAS 36 IORDY 127
57 30 RA4 35
29 50 RA3 34
» 55 RA2 33
51 77 RA1 32
&7 % RAO 31
76 107 RAS 58
91
99
108
124

Table 10. FE3021 Pins Grouped By Function
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FE3021 DC OPERATING CHARACTERISTICS

11.0 DC OPERATING CHARACTERISTICS
Ta=0"1070"C, Vec=5V+ 25V '

SYMBOL | CHARACTERISTIC MIN MAX | UNITS | CONDITIONS
liL Input Leakage 10 - UA VIN=.4 TO VCC
10z Tri-State And Open +10 UA VOUT=.4 TOVCC
Drain Output Leakage
VIH Input High Voltage 2.0 \%
VIL Input Lowvoltage .8 \Y
VILC CPU Clock Input
High Voltage 6 \
ViLC CPU Clock Input
Low Voltage .6 \
ICC Supply Current 50 mA All Outputs Open,
Inputs At 2.0V,
CPUCLK = 16 MHz

CS287, CSNMI, CSPTB, RAS, RASO, RAS1, RAS2, RAS3, CASLO, CASL1, CASL2, CASL3, CASHO,
CASH1, CASH2, CASH3, CSPROM, DBLE, FRES, SELDAT, AND EDATA3-EDATAO

For outputs: ADDR19-ADDRO, LA23-LA17, IOR, IOW, IORDY
* 10 mAfor IOR, IOW.

SYMBOL | CHARACTERISTIC MIN MAX UNITS | CONDITIONS
VOH Output High Voltage 24 \ <1 IOUT=-1 mA
VOL Output Low Voltage 4 \ I0UT=1 mA
SYMBOL | CHARACTERISTIC MIN MAX UNITS | CONDITIONS
VOH Output High Voltage 2.4 \ IOUT=-3 mA
VOL Output Low Voltage 4 v I0UT=12 mA*
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AC TIMING CHARACTERISTICS FE3021

12.0 AC TIMING CHARACTERISTICS

load capacitance = 50 pF for outputs: CSF, CS0, CS1, CS2, CS3, CS8042, CS287, CSNMI,
CSPTB, SELDAT, RA0-RA9, ONBD, LOMEG, DBLE, RAS, CSPROM,
YIOR, YIOW, FRES

load capacitance = 100 pF for output: IORDY, A19-A0, EDATA3-EDATAO

load capacitance = 200 pF for outputs: RAS0O, RAS1, RAS2, RAS3, CASLO, CASL1, CASL2,
CASL3, CASHO, CASH1, CASH2, CASH3, LA23-LA17,
ADDR19-ADDRO, IOR, IOW
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FE3021 : SYSTEM TIMING

13.0 SYSTEM TIMING

PRELIMINARY | PRELIMINARY | PRELIMINARY
12MHz 16 MHz 20 MHz
SYMBOL | CHARACTERISTIC MIN MAX | MIN MAX | MIN MAX
T1 CPUCLK Cycle 40 31 25
T2 CPUCLK High Pulse 13 12
T3 CPUCLK Low Pulse 1 10
T4 A23-A0, MIO Setup To
S0 OR S1 Falling 22 22
T5 A23-A0, MIO To ONBD 38 34
T6 S0, S1 Setup To
CPUCLK Falling 20 11 9
T7 S0, S1 Hold From
CPUCLK Falling 3 2 1
T10 MIO, A23..A0 To LA23..LA17 50 45 45
T13 YMEMR To CSPROM 45 38 30
T14 ADSTB To CS0, CS1, CS2,
CS3, CSPTB, CSF, CS287,
CSNMI, CS8042 45 35 35
T17a YIOR To IOR 40 35 35
T17 YIOW To IOW 40 35 35
T18 ADSTB To ADDR19..ADDR1 50 45 45
T19 ADRO To ADDRO 45 40 40
T20 Data Valid From YMEMR
Or YIOR Active 180 150 150
T22 LA23..LA17 From
CPUCLK Falling 50 45 45
T24 DATA Setup To YMEMW
Or YIOW Inactive 180 150 150
T25 Data Hold From YMEMW
Or YIOW Inactive 10 10 10
T26 YIOR Or YMEMR
To SELDAT 50 45 45
T27 IOR To SELDAT,
Master Mode Cycle 50 45 45
T28 ADSTB To Row Address;
DMA Cycle, Non-EMS 50 42 35
T28a ADSTB To Row Address;
DMA Cycle, EMS 180 145 145
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SYSTEM TIMING FE3021
PRELIMINARY | PRELIMINARY | PRELIMINARY
12 MHz 16 MHz 20 MHz
SYMBOL | CHARACTERISTIC MIN MAX | MIN MAX | MIN MAX

T29 YMEMR To RAS, RASS:

RASO ; Refresh Cycle 35 30 30
T30 YMEMR Or YMEMW To

RAS ; DMA Cycle 35 30 30
T31 TAP1 Falling To

Column Address 45 37 30
T32 YMEMR Or YMEMW To

RAS3..RASO; DMA Cycle 35 30 30
T33 TAP2 Falling To CASL3..

CASLO, CASHO; DMA Cycle 30 26 25
T34 YMEMR Or YMEMW Rising

To CASLS3...CASLO Or

CASH3..CASHO Inactive 35 28 27
T35 YMEMR Active To DLE

Active; DMA Or Master Mode 40 32 30
T36 YMEMR inactive To DLE

inactive: DMA Or Master Mode 40 32 30
T37 BHE Or ADRO Setup To

CPUCLK Falling 25 20 20
T38a ADRO Setup To

CPUCLK Falling 25 20 20
T38b BHE Setup To

CPUCLK Falling 25 20 20
T39 A23..A1 To RA9..RA0 Row

Address; Mode 0, 1, 4,5 45 37 30
T40 TAP1 Falling To RA9. . RAO

Column Address;

Mode 0, 1, 4,5 45 37 30
T41 RA9..RAO Row Address Valid

From CPUCLK At End Of CAS 50 39
T43 CPUCLK Falling To RAS ;

Mode 0, 1, & 5 35 30 30
T44 CPUCLK Falling To RAS3 ;

RASO ; Mode 0 & 1 &5 35 30 30
T45 CPUCLK Rising To RAS ;

Mode 4 35 30 30
T46 CPUCLK Rising To

RAS3..RASO; Mode 4 35 30 30
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FE3021 SYSTEM TIMING
PRELIMINARY | PRELIMINARY | PRELIMINARY
12 MHz 16 MHz 20 MHz
SYMBOL | CHARACTERISTIC MIN MAX | MIN MAX | MIN MAX
T47 TAP2 Falling To CASL3..
CASLO; Or CASH3..CASHO
Active; Mode 0, 1, 84 & 5 35 25 25
T48 CPUCLK Falling To CASL3..
CASLO Or CASH3.. CASHO
Inactive; Mode 0, 1, & 4 & 5 35 27 27
T49 Row ADDR From SO Or S1
Inactive; Mode 2 50 44
T50 TAP2 Falling To DLE
) Active; Mode 0, 1,4, &5 35 30 30
T51 CPUCLK Falling To DLE
Inactive; Mode 0, 1,4, & 5 35 30 30
T52 Ready Low From SO OR
S1 low 35 30 30
T53 Ready High From
CPUCLK Falling 35 30
T54 Column ADDR From
CPUCLK Falling; Mode 2 40 34
T56 RAS3 ..RASO Active From
CPUCLK Falling; Mode 2 35 30
T57 CASL3..CASLO Or CASHS..
CASHO Active From
CPUCLK Rising; Mode 2 30 23
T58 CASL3 ..CASLO Or CASH3 ..
CASHO Inactive
From CPUCLK Rising 30 23
T5857 Difference Of CAS Inactive
And Active Time (T58-T57) 4 4
T59 DLE From CPUCLK 35 26
T60 Row Address Valid From
CPUCLK Falling; Mode 3 40 34
T61 RASS ..RASO Inactive
From SO Or S1 Active 35 30
T62 RAS3 ..RASO Inactive
From HLDA Active 40 35
T63 Column Address Hold
From End Of CAS 1 1 1
Te4 Column Address From
CPUCLK; MODE 2& 3 50 44
4-40 11/16/90
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SYSTEM TIMING FE3021
PRELIMINARY | PRELIMINARY | PRELIMINARY
12 MHz 16 MHz 20 MHz
SYMBOL | CHARACTERISTIC MIN MAX | MIN MAX | MIN MAX

T65 Column Address From A23-A1 45 37
T66 RAS3 ..RASO Active From

CPUCLK Rising; Mode 3 35 30
T67 CASL3 ..CASLO Or CASH3 ..

CASHO Active From

CPUCLK;Mode 3 28 23
T68 CASL3 ..CASLO Or CASH3 ..

CASHO Inactive From

CPUCLK Rising; Mode 3 28 23
T6867 | Difference Of CAS Inactive

And Active Time (T68-T67) 4 4
T69 REFR To ONBD 40 35 35
T70 Refresh Address Valid

From REFR 50 39 35
T72 MASTER Active To

LA[23:17], ADDR[16:0}

High Impedance 45 45 45
T73 MASTER Inactive To LA[23:17]

ADDR [16:0] Low Impedance 45 45 45
T74 ADDRJ[9:0] To Chip Selects 65 65
T75 MASTER Active To A[23:0],

ADRO Low Impedance 45 45 45
T76 MASTER Inactive To A[23:0],

ADRO High Impedance 45 45 45
T77 LA[23:17], ADDR[16:1]

To RA[9:0] 45 40 40
T78 MASTER Active To YIOR,

YIOW Low Impedance 45 45 45
T79 MASTER Inactive To YIOR,

YIOW High Impedance 45 45 45
T80 MASTER Active To IOR,

IOW High Impedance 45 45 45
T81 MASTER Inactive To IOR,

IOW Low impedance 45 45 45
T82a IOR To YIOR 30 25 25
T82b IOW To YIOW 30 25 25
T83 LA[23:17], ADDRJ[16:0]

To A[23:0], ADRO 40 35 35
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FE3021 SYSTEM TIMING
’ Tsr l Tc ' . Tw |
— t3 je— — t2 — e t1 ‘{
| o L
A23-A0,
MIO ! | | ><
|4—— t4—-l l ———*l t7|<— | |
2_?‘ | :‘ 16 !4——— !__.l t6 |
L R R
—J o fo—I | | |— 10—
LA23-LA17 | NOTE 1 | ><
| | '
READY —f 152 l‘: — =
YIOR, YIOW,

YMEMR, Y MEMW

1OR, IOW

SELDAT

D3-DO
(READ CYCLE)

D3-DO
(WRITE CYCLE) |
125 _.|
CSPROM t13 —f "—‘ o t1s F:
_ |
DLE 35 —» ’-— 136 —>|
ADSTB
cSx t14 _’| "—
118 — |.__
ADDR19-ADDR1 ><
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| Ts | Te X Tw : Tw X Tw : Tw
CPUCLK

A23-A0, i
( X ,
T
|

W |
T 122 fe—
LA23-LA17 >< [ (NOTE 2) ><

IOR, IOW, (
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NOTE 2: FOR OFF-BOARD CYCLES, LA23 - LA17 LATCHED AT MIDDLE OF Ts UNTIL
2 CPUCLK’s AFTER MEMORY OR I/0 STROBE

Figui’e 7. High Speed Mode LA23-LA17 Timing
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‘SYSTEM TIMING
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NOTE 1 : DLE GENERATED ONLY FOR MEMORY READ CYCLES
Figure 8. DMA Memory Cycle
4-44 11/16/90 o



SYSTEM TIMING

FE3021
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Figure 9. Memory Modes 0 & 4 (Non-page Mode)
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SYSTEM TIMING
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Figure 10. Memory Mode 1 (Non-Page 0 WS Read/1 WS Write)
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' I
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Figure 11. Memory Mode 2 (PAGE) 1 OF 2
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Figure 12. Memory Mode 2 (PAGE) 2 OF 2
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CPUCLK
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BHE, ADRO
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| 0 W.S. READ HlT"i

le— t 38a,138b
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>< COLUMN
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]

Figure 13. Memory Mode 3 (PAGE) 1 OF 2
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SYSTEM TIMING
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Figure 14. Memory Mode 3 (PAGE) 2 OF 2
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Figure 15. Memory Mode 5 (Non-Page) 0 WS Read & Write
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SYSTEM TIMING
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Figufe 16. Refresh Cycle
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180 —»f - ! 181 —», -
IOW, IOR o I
SELDAT te7 N \L— —»‘ ’: t27
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PACKAGE DIAGRAMS

14.0 PACKAGE DIAGRAMS

0.025"TYP
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.800" RerF
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r .075"
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==

—--——— - —

fll

- ___1

v W\ =
1 95" —
1.08" —= AT

Figure 18. 132-Pin JEDEC Flat Pack Packaging Diagram
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11/16/90 4-55






WESTERN DIGITAL

Address Buffer and
Memory Controller
)
Z

FE3021A




FE3021A

TABLE OF CONTENTS
PREFACE
1.0 DESCRIPTION . . . . . . . . . .. ... .....
1.1 FEATURES
12 INTRODUCTION . . . . . . . . .. e
20 80286 INTERFACE . . . . . . . . . ... ..
3.0 DATABUSINTERFACE . . . . . . . . . . .....
40 /OCHIPSELECTS . . . . . . .. ... ...
50 JOCONTROL . . . . . . . ... ......
60 MEMORYCONTROL . . . . . . . .. ... ....

7.0 MEMORY ADDRESS MULTIPLEXER
8.0 EMS MEMORY

9.0 TESTMODE . . . . . . . . . .. Ce e e
10.0 FE3021APINOUT . . . . . . . . . . . . ..

11.0 ELECTRICAL SPECIFICATIONS . . . . . . . . Co
11.1 MAXIMUMRATINGS . . . . . . . . . . . . . . ..

11.2 DC OPERATING CHARACTERISTICS

11.3 AC TIMING CHARACTERISTICS . . . . . . . . R

.......

ADVANCED INFORMATION 11/13/90

N




FE3021A

LIST OF ILLUSTRATIONS

Figure Title Page
1 FE3600B/C Chip Set Functional Block Diagram . . . . . . . . . 5-2
2 FE3021A Functional Block Diagram . . . . . . . . . . . . .. 5-3
3 High Speed HDC Configuration . . . . . . . . . . . . . . . .. 5-12
4 Banks Operating Independently . . . . . . . . . . . ... . . .. 5-25
5 Banks Interleaved . . . . . . . . . .. e e e 5-25
6 EMS/Memory Map Configuration e e e e e 5-30
7 JEDEC Pack Pin Assignments . . . . . . . . . . . . ... .. 5-35
8 Basic Timing . . . . . . . . . . . .. e e e e 5-42
9 High Speed Mode LA23 LA17 Timing e e e e e e 5-43
10 DMA Memory Cycle . . . . . . . . e e e e e 5-44
11 Memory Mode 0 (Non-Page Mode) e e 5-45
12 Memory Mode 1 (Non-Page) 0 WS Read 1 WS Wnte ....... 5-46
13 Memory Mode 2 (Page) 1of2 . . . . . . . . . . . . . . .. 5-47
14 Memory Mode 2 (Page) 2 of 2 e e 5-48
15 Memory Mode 3 (Page) 1of2 . . . . . . . . . . . . .. .. 5-49
16 Memory Mode 3 (Page) 2o0f2 . . . . . . . . . . . ... 5-50
17 Memory Mode 5 (Non-Page) 0 WS Read And Wnte ...... 5-51
18 RefreshCycle . . . . . . . . . . . . . . . . . . ... 5-52
19 BusMasterCycle . . . . . . . . . . . ..o 5-53
20 132-Pin Flat Pack Packaging Diagram . . . . . . . . . . . . . . 5-54

LIST OF TABLES

Table Title Page
1 80286 Interface Pin Assignments . . . . . . . . . . . .. L. 5-4
2 Data Bus Interface Pin Assignments e e e e 5-5
3 I/0 Chip Select Pin Assignments . . . . . . . . . . . . . .. 5-6
4 I/O Control Pin Assignments . . . . . . . . . . . . . . . .. 5-8
5 I/O Address/Chip Selects for FixedPorts . . . . . . . . . . . .. 5-15
6 Memory Control Pin Assignments . e e e 5-16
7 Memory Address Multiplexer Output Pin ASS|gnments ....... 5-17
8 Address Multiplexer Configurations . . . . . . . . . . . . . .. 5-18
9 EMS Page Register Information . . . . . . e e e e e 5-32
10 PinListing . . . . . . . . .. e e e e 5-34
11 DC Operating Characteristics . . . . . . . . . . . . . . . . .. 5-36
12 SystemTiming . . . . . . . . . .. e e e e e e 5-37

5-ii ADVANCED INFORMATION 11/13/90



FE3021A

P REFATCE

The FE3021A Address Buffer And Memory Controller device is an enhancement of the FE3021.
Although the two devices are very similar in design, it is important to use the appropriate document
when designing around the use of this device. The FE3021 literature order number is 10505. The
FE3021A literature order number is 10503.

Some of the areas affected by the enhancement of the device are:

The FE3021A operates as a 20 MHz address buffer and memory controller using 80 ns DRAMs,
as well as a 16 MHz using 100 ns DRAMSs as does the FE3021.

The version numbers read from the Version Number Register (FFF01) are 010 = FE3021A and
100 = FE3021.

Bits 3 and 2 of the Hot Reset Register (FFF07) have been redefined. Bit 3 = 1 to tri-state ADDRO
(pin 105), bit 2 no longer has a function and bits 1 and 0 remain unchanged.

Page Mode 2 now operates at 16 MHz with 80 ns DRAMs as well as 12.5 MHz with 120 ns
DRAMs.

The efficiency of all timing parameters have been increased considerably.

- DVAN INFORMA 1 5-iii
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DESCRIPTION

FE3021A

1.0 DESCRIPTION

The FE3021A is a 20 MHz AT address buffer and
memory controller in a 132-pin PQFP package.
Chip count is significantly reduced by integrating
the memory controller, AT bus address buffers,
and /O into one chip. The memory controller is a
high performance design, with programmable
modes of operation. It controls page mode DRAM
or static column DRAM. Up to 4 banks of DRAM,
allowing a maximum of 8 Mbytes of memory can
be controlled by the FE3021A. The DRAM bank
locations are programmable on 128 Kbyte boun-
daries. One memory bank allows split addressing,
so that one portion may be placed in conventional
memory with the remainder in extended memory.

Additional features of the FE3021A include EMS
4.0 support, on-chip address and control signal
buffers for directly driving the AT bus, zero wait
state access at 16 MHz using 100 ns DRAM with
page mode access, generation of chip selects for
floppy controller, 8042 keyboard controller, 80287
numeric processor, and NMI, and mapping main
and EGA/VGA BIOS into one physical PROM.

1.1 FEATURES

* Page mode DRAM access with interleaved
memory banks

¢ Controls up to 4 banks (up to 8 Mbytes) of
memory

* On-chip RAS and CAS drivers for DRAM chips
* On-chip DRAM address multiplexer

® LIM (Lotus, Intel, Microsoft) standard EMS
expanded memory hardware (supports EMS
4.0 multi-tasking)

* On-chip address and control signal buffers for
directly driving AT bus

* Zero wait state access at 16 MHz using 100 ns
DRAM with page mode access and up to 20
MHz with 80 ns DRAM

* Generates chip selects for floppy controller,
8042 keyboard controller, 80287 numeric
processor, and NMI (Non-maskable Interrupt)

* Generates programmable chip selects for four
additional devices

* Address buffer and memory controller for the
four chip core logic set

* Maps system BIOS and EGA BIOS into one
physical PROM

* "Hot" reset generation for quick 80286 switch
from protected to real mode

* Fast Alternate Gate A20 generation

* Interfaces with the FE3600/B/C chip set
devices FE3001/A, FE3010/B/C, and FE3031/A

¢ 132-pin JEDEC PQFP (plastic quad flat
package)

?f ADVANCED INFORMATION 11/13/90 5-1




FE3021A

DESCRIPTION

1.2 INTRODUCTION

The FE3021A device is designed to reduce chip
count, increase flexibility, and provide improved
operating speed and functionality when used with
the FE3001/A, FE3010B/C, and FE3031/A
devices to implement a low cost, high perfor-
mance AT compatible computer at speeds up to
20 MHz. Together these four chips make up the
FE3600B/C chip set.

Chip count is reduced by integrating the memory
controller, AT bus address buffers, and 1/0
Management functions into one chip.

The memory controller is a high performance
design, with programmable modes of operation. It
controls page mode DRAM or static column DRAM.

Up to 4 banks of DRAM may be controlled. The
DRAM bank locations are programmable on 128
Kbyte boundaries. One memory bank allows split
addressing, so that one portion may be placed in
conventional memory with the remainder in ex-
tended memory, with an additional mode to allow
copying BIOS code from ROM to RAM for faster
execution.

A major function of the FE3021A is to generate
chip select decodes for peripheral chips on the
system board; for instance, the floppy controller,
hard disk controller, serial, and parallel port chips.
The floppy and hard disk chip selects may be
disabled or may be enabled for either the primary
or secondary address decode, as defined by IBM.
Four programmable chip selects are available, for
supporting serial, parallel, mouse, or other types
of ports. Refer to Figure 7 for Pin assignment and
locations.

To reduce chip count and improve performance,
particularly when an EGA or VGA graphics control-
ler is placed on the system board, separate blocks
of ROM may be mapped into a single physical
ROM. For instance, the EGA BIOS and standard
BIOS may be placed into the same pair of ROM
chips or into a single 8-bit wide ROM. Besides
reducing chip count, EGA operating speed will be
improved, since EGA BIOS will be accessed 16
bits at a time. To improve BIOS performance,
ROM code may be copied into RAM, and the
BIOS ROM mapped out and replaced by RAM.

CPU CONTROL

FE 3001A
CPU CONTROL

INTERNAL CONTROL

80286 ADDRESS

FE 3021A

ADDRESS BUFFER
MEMORY
CONTROLLER

FE 3010B/C

AT ADDRESS BUS

AT BUS CONTROL

RAM
ADDRESS
PROM
DRAM - (B10S)

INTERRUPTS & DMA

DATA

80287

CONTROL

FE 3031

I E DATA
[

DATA BUFFERS

RAM DATA

& AT DATA BUS

KEYBOARD
MOUSE

REAL TIME
CLOCK

FIGURE 1. FE3600B/C CHIP SET FUNCTIONAL BLOCK DIAGRAM
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80286 INTERFACE

2.0 80286 INTERFACE

. This interface port connects with the 80286 address
lines and the 80286 bus status lines. By connecting
directly to the 80286 and by duplicating a portion

~of the bus controller logic, early determination
of memory or I/0O accesses may be made, as well

as whether the access will be 8 bits or 16 bits.
Pins A23-A0 are normally inputs, receiving ad-
dresses from the 80286. When MASTER is as-
serted, these pins become outputs.

PIN
NUMBER MNEMONIC 110 FUNCTION
74 A23 /O | 80286 ADDRESS LINE
78 A22 /O " "
79 A21 110 " "
80 A20 /O " "
81 A19 e} " "
82 A18 1/0 " "
83 A17 /0 " "
84 A16 /0 " "
85 A15 o) " "
86 Al4 /0 " "
87 A13 /0 " "
88 A12 1/0 " "
89 A1l 110 " "
90 A10 e} " "
109 A9 /O " "
110 A8 /O " "
11 A7 /0 " "
112 A6 /0 " "
113 A5 /O " "
114 A4 /O " "
115 A3 o) " "
116 A2 /0 " "
117 A1 o) " "
118 AO 110 o "
119 ) | 80286 STATUS LINE
120 31 I 80286 STATUS LINE
121 MO I 80286 STATUS LINE
122 CPUCLK [ 80286 CLOCK
123 HLDA [ 80286 HOLD ACKNOWLEDGE LINE
21 BHE - I 80286 BYTE HIGH ENABLE

TABLE 1. 80286 INTERFACE PIN ASSIGNMENTS

'5-4 i 1 )
5 ADVANCED INFORMATION 11/13/90 ﬁ



DATA BUS INTERFACE

FE3021A

3.0 DATA BUS INTERFACE

The data bus port is 4 bits wide, which should
connect to the EDATA local data bus, and is used
to access the internal FE3021A control registers.
The upper 4 bits should be ignored when reading
the control registers. Refer to Table 2 for pin as-

signments.

PIN
NUMBER MNEMONIC |1/O FUNCTION
17 EDATA3 1{e] Control Register Data Line
16 EDATA2 110 " "
15 EDATA1 I/0 " "
14 EDATAO 110 Control Register Data Line

TABLE 2. DATA BUS INTERRFACE PIN ASSIGNMENTS

ADVANCED INFORMATION 11/13/90
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FE3021A /O CHIP SELECTS

4.0 /0 CHIP SELECTS

This logic section generates chip selects for
standard system board functions such as the
8042 keyboard controller, 80287 math coproces-
sor, floppy controller, and hard disk controller. It
also generates chip selects for up to 4 additional
I/O ports which may have programmable addres-
ses and wait state characteristics. Refer to Table
3 for pin assignments.

PIN .
NUMBER MNEMONIC I/Q FUNCTION

48 CSo ¢} Programmable Chip Select 0

47 CS1 0 Programmable Chip Select 1

46 CS2 o] Programmable Chip Select 2

45 CS3 O Programmable Chip Select 3 or H. D.
Controller Chip Select

49 - CSF (0] Floppy Disk Controller Chip Select or
Operation or Config. Register Select

60 CS8042 o] 8042 Keyboard Controller Select

56 CS287 o] 80287 Coprocessor Select/ROM Chip
Select

20 CSNMI 0] NMI Logic Chip Select

22 CSPTB o Memory Parity and 1/0 Check

TABLE 3. I/O CHIP SELECT PIN ASSIGNMENTS
5-6 ADVANCED INFORMATION 11/13/90 '



/0 CONTROL

FE3021A

5.0 /0 CONTROL

This logic section contains control logic for the /O
bus.

The IORDY signal will go low when generating
wait states. For 12 MHz systems, this signal may
be tied directly to the bus signal IOCHRDY. For
16 MHz or 20 MHz systems, this signal should be
sent to the FE3001A directly. The IOCHRDY bus
signal should be buffered through an open collec-
tor driver and wire-ORed with the IORDY signal.
The IORDY pin will normally be at a high im-
pedance state. When generating wait states, it
will go low. When going from a low to a high state,
the IORDY pin will be actively driven high for one
processor clock time, then the output will tri-state.
An external pullup resistor should be used to
keep the IORDY signal high when the IORDY pin
is at a high impedance state. The state of IORDY
is sampled at the rising edge of RESET; if IORDY
is low at this time, the FE3021A will fetch data
and instructions from the BIOS ROM 8 bits at a
time over the EDATA bus, otherwise a 16-bit wide
ROM on the MDATA bus is assumed.

The PORT 0, PORT 1, PORT 2, and PORT 3
addresses are fully programmable, with the
choice of either using nine /O addresses for
decode, or masking the A8 address bit (for in-
stance, for decoding dual serial ports). The LSB
(AO) address is always ignored. The lower 2, 3, or
4 bits of the address may also be ignored so that
2, 4, 8, or 16 bytes may be allocated for the port.

All FE3021A control registers, except those used
for EMS page mapping, are accessed by first writ-
ing eight times to address FFFOO (in an area allo-
cated for ROM BIOS). Any memory access out-
side of the ROM BIOS address space, either data
access or instruction fetch, will abort the unlock-
ing process. Once unlocked, memory accesses
outside of the ROM BIOS area may be made
without affecting the unlocked state. When un-
locked, the address space from FFFO1 to FFFFE
becomes register controls for the FE3021A
device. The controls are locked again by reading
location FFFFF. This access method guarantees
that all control register changes will be made
through the BIOS.
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FE3021A

/O CONTROL

PIN
NUMBER MNEMONIC /10 FUNCTION
127 IORDY /10 Ready line, modified open drain, input at
' reset time for 8-bit ROM sizing.
40 SELDAT O Direction of data transceiver data to
EDATA bus.
8 IOR 110 System 1/O Read Command signal, drives
expansion bus. An input in master mode.
9 IOW e} System 1/0 Write Command signal, drives
expansion bus. An inputin master mode.
10 YMEMR | Ungated system memory Read
Command signal from FE3001A.
11 YMEMW ! Ungated system memory Write Command
signal from FE3001A.
53 ADSTB | Address strobe from FE3001A and
FE3010B/C.
12 YIOR /] Ungated /O read strobe from FE3001A.
An output in master mode.
13 YIOW 1o} Ungated I/O write strobe from FE3001A.
An output in master mode.
19 FRES 1/0 "HOT" reset output
25 LOMEG o} To FE3031 memory strobe gating.
28 RESET | Master Reset for FE3021A.
52 MASTER | Bus master signal from the AT bus.
54 A20GT | From 8042. When high, A20 is ungated.
57 ONBD (0] To FE3001A. Indicates high speed
on-board access.

TABLE 4. I/0 CONTROL PIN ASSIGNMENTS

5-8
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/O CONTROL FE3021A

PIN
NUMBER MNEMONIC | I/O FUNCTION
59 ADDR19 O AT BUS SA19
61 ADDR18 0} AT BUS SA18
62 ADDR17 O AT BUS SA17
64 ADDR16 lje} AT BUS SA16
65 ADDR15 110 AT BUS SA15
66 ADDR14 1’10 AT BUS SA14
68 ADDR13 1’0 AT BUS SA13
69 ADDR12 1’0 AT BUS SA12
72 ADDR11 1’0 AT BUS SA11
73 ADDR10 1’0 AT BUS SA10
75 ADDRS9 le} AT BUS SA9
94 ADDRS8 e} AT BUS SA8
96 ADDR?7 I/0 AT BUS SA7
97 ADDR6 110 AT BUS SA6
98 ADDR5 e AT BUS SA5
100 ADDR4 110 AT BUS SA4
101 ADDR3 1/0 AT BUS SA3
104 ADDR2 IO AT BUS SA2
106 ADDR1 1’0 AT BUS SA1
105 ADDRO 170 AT BUS SAO
63 LA23 11O AT BUS LA23
70 LA22 1’0 AT BUS LA22
71 LA21 I/0 AT BUS LA21
93 LA20 e AT BUS LA20
95 LA19 110 AT BUS LA19
102 LA18 1’0 AT BUS LA18
103 LA17 1’0 AT BUS LA17

TABLE 4. 1/0 CONTROL PIN ASSIGNMENTS (Cont.)

?f ADVANCED INFORMATION 11/13/90 5-9



FE3021A

A Version Number register provides information
on the version of the FE3021A chip. It also con-
tains a bit which toggles between '0’ and "1’ when
the register is read, which provides indication that
the register set has been unlocked.

VERSION NUMBER

FFFO1 | X | X | X | X VER T

T : toggles between 0 and 1 with every read ac-
cess of the Version Number register.

VER: 000 when T=0

010 when T=1 for version FE3021A
100 when T=1 for version FE3021

System board devices may be located on the
EDATA bus rather than on the I/O expansion slot
DATA bus. The SELDAT signal which controls the
DATA to EDATA bus direction is affected by the
two port location registers. This option is available
for peripheral devices which cannot directly drive
the high current I/O slot DATA bus. Note, how-
ever, that DMA transfers cannot be made to
devices on the EDATA bus.

The SELDAT signal is active (low) when TOR is
active and address bits A8 and A9 are low, or the
PORTS LOCATION register indicates that an ad-
dressed port is on the EDATA bus. The SELDAT
signal is also low when MEMR is active and the
8-bit BIOS is being accessed.

/0 CONTROL

PORTS LOCATION REGI»SATER

FFFO6 | X X| X| X| A | B c|D

7 6 5 4 3 2 1 0

The Ports Location Register is cleared by a
master reset.

A=0 Port 0 On Data Bus
A=1 Port 0 On Edata Bus
B=0 Port 1 On Data Bus
B=1 Port 1 On Edata Bus
C=0 Port 2 On Data Bus
C=1 Port 2 On Edata Bus
D=0 Port 3 On Data Bus
D=1 Port 3 On Edata Bus

HOT RESET REGISTER

FFFO7 | X | X | X | X | T|X | A |H

7 6 5 4 3 2 1 0

The Hot Reset Register is cleared by a
master reset.

Register FFFO07 is used to generate a hot reset to
the processor or to generate an alternate A20
gate. The state of the A bit is ORed with the
A20GT pin. If either the A bit is set or the A20GT
pin is high, the A20 line is undisturbed. If both are
low, then the A20 line is gated low. A hot reset is
generated by changing the H bitfroma’0'toa 1.
131 clocks after the trailing edge of the MEMW
strobe, the FRES pin is pulled low. The reset
pulse lasts for 32 clocks, then the FRES pin is
actively pulled high for one clock cycle, then is
tri-stated. If the FRES pin is pulled low externally
(e.g. if wire-OR’ed with the 8042 CPU reset line),
then the internal FE3021A registers will relock. If
the FRES pin is not used, then it should be pulled
up externally.

When the T bit is set, ADDRO is tri-stated (pin
105).

5-10
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/O CONTROL

FE3021A

ENABLE PORTS REGISTER

FFF10 | X X | X | X EN3 EN2 EN1 ENO

7 6 5 4 3 2 1 0

The Enable Ports Register is cleared by a
master reset.

The programmable PORT 0, PORT 1, PORT 2,
and PORT 3 chip selects are enabled with the
Enable Ports register. If the Enable bit is 0, the
port chip select bit will always be at an inactive
(high) state. All four ports are disabled after
master reset. EN3 enables CS3 only when CS3 is
a programmed chip select. When CS3 is a HDC
chip select, CS3 is enabled by register FFF49, bit 1.

For ports 0, 1, and 2, the access will have the
default wait states: 1 wait state for 16 bit acces-
ses and 4 wait states for 8 bit accesses, with the
wait states set from the FE3001A. The selected
chip must generate I0CS16 if it is a 16-bit
peripheral.

PORT 3 CONTROL REGISTER
|

FFFO8 | X | X | X | X WS |WSE | OB
|

7 6 5 4 3 2 1 0

The Port 3 Control Register is cleared by a
master reset.

0B CS3 WAIT STATES
0 Default (slow)
1 High speed hard

disk controller

WSE HIGH SPEED HDC WAIT
STATE ENABLE
0 High speed HDC wait
states set by FE3001A
1 High speed HDC Wait
States set by WS field

ws HDC DATA PORT HIGH
SPEED WAIT STATES
00 1
01 2
10 3
1 4

For port 3, the access will normally have the
default wait states but may also be programmed
to have high speed wait state timing when CS3 is
programmed as a hard disk chip select and the
on-board 16-bit hard disk controller is capable of
high speed access. When the high speed disk
controller configuration is used, the WSE and OB
fields should be set to '1’, and the WS field will set
the number of high speed wait states, timed from
the CPUCLK, rather than from SYSCLK. The
other disk controller ports will always be accessed
at low speed.

When OB is set to a 1, the FE3021A will generate
the ONBD signal to the FE3001A during HDC ac-
cesses through port 3. The FE3001A will provide
the same number of wait states it does for on-
board memory. If it is desired, the number of wait
states for the HDC can be extended using the WS
and WSE fields.

When implementing a high speed disk controller
port, it is necessary to provide a separate address
path for the hard disk controller. The HDC
receives ungated I/O read and write strobes at
the full CPU speed. The following schematic il-
lustrates the required connections.

N
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FE3021A /O CONTROL
A A23-A0
80286 D15-DO a
FE3031 SD15-SD0 AT DATA BUS
S0 St
37C65
YIOW iow - CTRL
FE3001A A cS3
RD D
WR
__ 42C22
CS HDC
A3-A0
L 1D A3-A0
ALE —C
latch
FIGURE 3. HIGH SPEED HDC CONFIGURATION
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/O CONTROL

FE3021A

PORT ADDRESS MASK REGISTER

FFF09 .
FFF11

FFF19 | X | X | X | X | 0 | U | LMASK
FFF21 I

The Port Address Mask Register is cleared by a master reset.

LMASK ADDRESS BITS COMPARED

00 A9 A8 A7 A6 A5 A4 A3 A2 A1 X
01 A9 A8 A7 A6 A5 A4 A3 A2 X X
10 A9 A8 A7 A6 A5 A4 A3 X X X
11 A9 A8 A7 A6 A5 A4 X X X X

U =0 : Include A8 In Address Comparison

LMASK ADDRESS BITS COMPARED
00 A9 X A7 A6 A5 A4 A3 A2 A1
01 AS X A7 A6 A5 A4 A3 A2 X
10 A9 X A7 A6 A5 A4 A3 X X
1 A9 X A7 A6 A5 A4 X X X

X X X X

U =1 :Ignore A8 In Address Comparison

PORT PORT CONTROL
REGISTER ADDRESS

FFFO9
FFF11
FFF19
FFF21

w NN = O

NOTE: Bit 3 is not writable and is always '0’.

N
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FE3021A

/O CONTROL

PORT ADDR - LOWER MSB

FFFOA
FFF12
FFF1A X X X X | X X | A9 | A8
FFF22
7 6 5 4 3 2 1 0
PORT ADDR - UPPER LSB
FFFOB
FFF13
FFF1B X X X X | A7 | A6 | A5 | A4
FFF23
7 6 5 4 3 2 1 0
PORT ADDR - LOWER LSB
FFFOC
FFF14
FEF1C X | X | X | X |A3|A2|A1]| o0
FFF24
7 6 5 4 3 2 1 0
The Port I/O Address registers for all four
ports are set to all zeros by a master reset.
PORT PORT I/O ADDRESS REGISTERS
A9-A8 A7-A4 A3-A0
0 FFFOA FFFOB FFFOC
1 FFF12 FFF13 FFF14
2 FFF1A FFF1B FFF1C
3 FFF22 FFF23 FFF24
ADDR2 ADDR1 CSF
OPERATIONS REGISTER ACCESS 0 X 1
CONFIG REGISTER ACCESS 1 1 1
FLOPPY CHIP SELECT ACTIVE X 0 1

Table 5 lists the I/O addresses and chip selects
generated for each fixed port type. The chip
selects are not gated with IOR or IOW. The
CSNMI signal is decoded for both even and odd
addresses, so that access may be made to the
FE3001A control register at address 073.

The floppy controller operations register select,
configuration register select, and floppy disk con-
troller chip select may be generated from the CSF
pin and the ADDR2 and ADDRH1 lines.
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/O CONTROL FE3021A
PORT BIT 110 ACTIVE FUNCTION
SIZE ADDRESS SIGNAL
FLOPPY 8 3F2 CSF FDC operation select. 3F2 is primary
372 address, 372 is secondary.
8 3F4-3F5 CSF 3F4-3F5 are primary addresses,
374-375 374-375 are secondary.
8 3F6 S3* Hard disk controller chip select. 3F6
376 is primary address, 376 is secondary.
8 3F7 CSF CS3 and CSF pins will be asserted.
377 CS3* 3F7 is primary address, 377 is secondary.
80287 8 OEO-OFF CS287 80287 Chip Select.
8042 8 060-06E CS8042 8042 Chip Select.
(EVEN)
NMI 8 070-07F CSNMI Real Time Clock and NMI logic select.
LOGIC
PARITY 8 061-06F CSPTB Parity check select and Port B decode.
CHECK (ODD) External logic must separate the signals.
HARD 16 1FO CS3* HDC Chip Select - Data Port access. 1F0 IS
DISK 170 primary address, 170 is secondary.
8 1F1-1F7 CS3 HDC Chip Select - Task File. 1F1-1F7 are
171177 primary addresses, 171-177 are secondary.

TABLE 5. /0 ADDRESS/CHIP SELECTS FOR FIXED PORTS

*When CS3 pin is programmed as HDC Chip Select .

PRIMARY / SECONDARY PORT FUNCTION SELECT

FFF49 X X X X |DH |PS| H F

7 6 5 4 3 2 1 0

DH, PS, H, and F are cleared to ‘0’ by H=0:  On-board hard disk controller enabled
master reset H=1: Disable on-board hard disk controller
DH=0: CS3 pin will respond to address F=0:  On-board floppy disk controller enabled
programmed by FFF22-FFF24 F=1 Disable on-board floppy disk controller
DH=1: CS3 pin will respond to hard disk
addresses NOTE: For early production version (ID
Register= 0000, 1011) bits 2 - 0 had
PS=0: Primary hard disk and floppy disk different definitions:
address
PS=1: Secondary hard disk and floppy disk Bit 2 = 0 : Enable CSF Output
address

Bit 1 = 0 : Primary Hard Disk Address
Bit 0 = 0 : Primary Floppy Disk Address

ADVANCED INFORMATION 11/13/90
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FE3021A MEMORY CONTROL

6.0 MEMORY CONTROL

Four RAS pins are available for controlling up to  The RAS and CAS lines drive the DRAM array

four 16-bit wide banks of system board RAM. Eight  directly.
CAS pins control the low and high bytes of each

bank. During a refresh cycle, all RAS signals will

be active (ignoring the RAM configuration register

FFF57) and CAS signals will stay inactive.

PIN
NUMBER MNEMONIC | I/O FUNCTION

128 RASO 0 RAS signal for DRAM Memory Bank 0

129 RAST 0 RAS signal for DRAM Memory Bank 1

130 RAS2 0 RAS signal for DRAM Memory Bank 2

132 RAS3 o] RAS signal for DRAM Memory Bank 3

125 CASLO 0 CAS signal for DRAM Memory Bank 0, low byte
126 CASL1 0 CAS signal for DRAM Memory Bank 1, low byte
2 CASL2 (0] CAS signal for DRAM Memory Bank 2, low byte
3 CASL3 0 CAS signal for DRAM Memory Bank 3, low byte
4 CASHO 0] CAS signal for DRAM Memory Bank 0, high byte
5 CASH1 0] CAS signal for DRAM Memory Bank 1, high byte
6 CASH2 0 CAS signal for DRAM Memory Bank 2, high byte
131 CASH3 o] CAS signal for DRAM Memory Bank 3, high byte
18 REFR I Memory Refresh signal

43 CSPROM o] BIOS PROM select

26 TAP2 I Second tap output of RAS delay line

44 TAP1 I First tap output of RAS delay line

58 RAS 0 To RAS delay line input

23 DLE (0] To FE3031 memory data bus latch enable

24 ADRO | From FE3001A byte conversion

TABLE 6. MEMORY CONTROL PIN ASSIGNMENTS
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MEMORY ADDRESS MULTIPLEXER FE3021A

7.0 MEMORY ADDRESS MULTIPLEXER

The memory address multiplexer generates the ~ The memory address multiplexer is designed so
row and column addresses for the DRAM. The  that SIMM mounted DRAM's of the three different
memory address multiplexer outputs should be  sizes may be inserted into SIMM sockets without
buffered by external drivers when driving the the need to change board jumpers.

memory array.

The memory address multiplexer supports three
sizes of DRAM: 64K, 256K, and 1 MB. The three
sizes of DRAM'’s may be intermixed in any order.

PIN
NUMBER MNEMONIC |1/O FUNCTION

31 RAO O Memory address multiplexer output bit 0 (LSB)
32 RA1 O Memory address multiplexer output bit 1

33 RA2 (0] Memory address multiplexer output bit 2

34 RA3 O Memory address multiplexer output bit 3

35 RA4 0] Memory address multiplexer output bit 4

36 RA5 0] Memory address multiplexer output bit 5

37 RA6 0] Memory address multiplexer output bit 6

38 RA7 @] Memory address multiplexer output bit 7

39 RA8 O ' Memory address multiplexer output bit 8

41 RA9 (0] Memory address multiplexer output bit 9 (MSB)

TABLE 7. MEMORY ADDRESS MULTPLEXER OUTPUT PIN ASSIGNMENTS
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FE3021A MEMORY ADDRESS MULTIPLEXER

64K DRAM ADDRESS MULTIPLEXER CONFIGURATION
MEMORY MODE MA9 MA8 MA7 MA6 MA5 MA4 MA3 MA2 MA1 MAQO

INDEPENDENT RAS (A10 A9) A8 A7 A6 A5 A4 A3 A2 A1l
NON PAGE MODE CAS (A20 A18) A16 A15 A14 A13 A12 A1l A10 A9

INDEPENDENT RAS (A20 A18) A16 A15 A14 A13 A12 A1 A10 A9

PAGE MODE CAS (A10 A9) A8 A7 A6 A5 A4 A3 A2 A1
2 WAY INTLV RAS (A20 A18) A16 A15 A14 A13 A12 A1l A10 A17
PAGE MODE CAS (A10 A9) A8 A7 A6 A5 A4 A3 A2 A1
4 WAY INTLV RAS (A20 A18) A16 A15 A14 A13 A12 A1l A18 A17
PAGE MODE CAS (A10 A9) A8 A7 A6 A5 A4 A3 A2 A1

256K DRAM ADDRESS MULTIPLEXER CONFIGURATION

INDEPENDENT RAS (A10) A9 A8 A7 A6 A5 A4 A3 A2 A1
NON PAGE MODE CAS (A20) A18 A16 A15 A14 A13 A12 A1l A10 A17

INDEPENDENT RAS (A20) A18 A16 A15 At14 A13 A12 A1l A10  A17

PAGE MODE CAS (A10) A9 A8 A7 A6 A5 A4 A3 A2 Al
2 WAY INTLV RAS (A20) A18 A16 A15 A14 A13 A12 A1l A19 A17
PAGE MODE CAS (A10) A9 A8 A7 A6 A5 A4 A3 A2 A1
4 WAY INTLV RAS (A20) A18 A16 A15 A14 A13 A12 A20 A19 A17
PAGE MODE CAS (A10) A9 A8 A7 A6 A5 A4 A3 A2 Al

1 MBIT DRAM ADDRESS MULTIPLEXER CONFIGURATION

INDEPENDENT RAS A10 A9 A8 A7 A6 A5 A4 A3 A2 Al
NON PAGE MODE CAS A20 A18 A16 A15 A14 A13 A12 A1 A19 A17

INDEPENDENT RAS A20 A18 A16 A15 A14 A13 A12 A1l A19 A17

PAGE MODE CAS A10 A9 A8 A7 A6 A5 A4 A3 A2 A1
2 WAY INTLV RAS A20 A18 A16 A15 A14 A13 A12 A21 A19 A17
PAGE MODE CAS A10 A9 A8 A7 A6 A5 A4 A3 A2 Al
4 WAY INTLV RAS A20 A18 A16 A15 A14 A13 A22 A21 A19 A17
PAGE MODE CAS A10 A9 A8 A7 A6 A5 A4 A3 A2 A1l

REFRESH ADDRESS - ALL DRAM SIZES
A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

TABLE 8. ADDRESS MULTIPLEXER CONFIGURATIONS

Note: Addresses in parentheses are not used by DRAM
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MEMORY ADDRESS MULTIPLEXER

FE3021A

SYSTEM BOARD ROM WAIT STATE
CONTROL REGISTER

FFF50 X X X X RWS 0 RWSE

7 6 5 4 3 2 1 0

This register is cleared to zero by master

reset.
RWS HIGH SPEED
WAIT STATE
00~ 1
01 2
10 3
11 4

RWSE=1: Enables RWS, otherwise on-board
ROM and RAM Wait States will be set
by FE3001A.

The FE3021A can extend the number of proces-
sor wait states for an on-board BIOS access by
setting the RWSE bit to a "1’. The number of wait
states will then be determined by the value of the
RWS field. If the RWSE bit is set to a '0’, the
number of wait states for an on-board BIOS ac-
cess is controlled by the FE3001A.

The ability to add wait states for BIOS accesses is
important for a 16-bit BIOS because the on-board
memory read wait states programmed into the

FE3001A apply to both on-board BIOS and on-
board DRAM. That value will be programmed to
optimize DRAM access time (typically zero wait
states for page mode operations). This very fast
access time will likely be too quick for BIOS
ROMs and can therefore be extended for BIOS
accesses by setting the RWSE bit.

Bit 1 is used for diagnostic purposes and should
remain '0’.

The system BIOS address space may be from
FO000 to FFFFF or EO000 to FFFFF. If the EGA
BIOS is to be mapped, then the BIOS ROM chip
select is also active when the region from C0000
to C3FFF or C0000 to C7FFF is addressed. The
address output onto the expansion bus will be
automatically translated. The BIOS PROM size
and number of wait states will then apply to both
the system BIOS region FO0000-FFFFF and
C0000-C3FFF.

The BIOS EPROM size may either be 8 bits or 16
bits. The EPROM size is determined at reset time,
and is signaled by the IORDY line. If the IORDY
line is high at the trailing edge of master reset,
then the EPROM size is set to 16 bits. If the
IORDY line is low at the trailing edge of master
reset, then the EPROM size is set to 8 bits. No
external logic is required for the 16 bit EPROM
size. To select the 8 bit EPROM size, the IORDY
line should be pulled low by a master reset. The
MDATA bus is used for 16 bit EPROM'’s while the
EDATA bus is used for 8 bit EPROM’s.

The CSPROM signal is only active when MEMR
is active.

MEMORY ADDRESS RANGE
FOR ACTIVE CSPROM

FUNCTION

OF0000-0FFFFF
FF0000-FFFFFF

0E0000-OFFFFF
FE0000-FFFFFF

0CO0000-0C3FFF

0C0000-0C7FFF

BIOS Size = 64K (Default)
BIOS Size = 128K

16K EGA BIOS mapping enabled addresses translated to
0F8000-0FBFFF or OFO000 - OF3FFF

32K EGA BIOS mapping enabled addresses translated to
0F8000-0FFFFF or OF0000 - OF7FFF

-f‘, ADVANCED INFORMATION 11/13/90
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FE3021A

MEMORY ADDRESS MULTIPLEXER

EPROM/RAM MAP CONTROL REGISTER

I
FFF51 X X | X X EGA MS PS

|
7 6 5 4 3 2 1 0

FFF52 X X X X | XLA| 0" |MLA | FAD

7 6 5 4 3 2 1 0

The EPROM/RAM Map Control Register is
cleared to zero by a master reset.

EGA=00 MS=X: No EGA mapping.
EGA=01 MS=0: 16K EGA map. C0000 - C3FFF
mapped to F8000 - FBFFF
MS=1: 16K EGA map. C0000 - C3FFF
mapped to FO000 - F3FFF
EGA=10 MS=0: 32K VGA map. C0000 - C7FFF
mapped to F8000 - FFFFF -
MS=1: 32K VGA map. C0000 - C7FFF
mapped to FO000 - F7FFF
PS =0: PROM chip select will be active

when address is 0F0000-0FFFFF

or FF0000-FFFFFF, for 64K of BIOS.

Default case after master reset.
PS =1: PROM chip select will be active
when address is 0EO000-OFFFFF
or FEOOOO-FFFFFF, for 128K of
BIOS.

XLA=0: LA23-LA17 low speed timing

XLA=1: LA23 - LA17 high speed timing

MLA=0: LA23 - LA17 latches are transparent
during refresh cycles

MLA=1: LA23 - LA17 gated to 0’ during
refresh cycles

FAD=0: 3 wait state EMS misses

FAD=1: 2 wait state EMS misses

Register FFF52 controls logic for various speed
enhancement and diagnostic modes. The XLA bit
controls the timing of the LA23 - LA17 signals.
Use of this bit can affect compatibility of plug-in
bus cards.

When XLA=0, LA23 - LA17 signals are generated
by latching the processor addresses by active SO
or S1. The LA23 - LA17 latches become
transparent when a MEMR, MEMW, IOR, or IOW
strobe occurs. This bit should be 0 when running
at 8 MHz, when the FE3001A is using the low
speed clock.

When XLA=1, LA23 - LA17 signals are latched by
active SO or S1, but do not become transparent
again until two CPU clocks after MEMR, MEMW,
IOR, or IOW. This delay provides proper 8 MHz
bus emulation of the LA23 - LA17 signals when
the processor is running at 16 MHz or 20 MHz.

The MLA bit is provided for diagnostic purposes.
Bit 2 of register FFF52 is reserved and must be
0.

The FAD bit can be used to enhance EMS perfor-
mance for lower speed systems. EMS misses are
normally three wait states, which are necessary
for 16/20 MHz operation. At 12 MHz and below,
EMS misses only need to be two wait states. This
bit can be used for the non-page or page mode 2
operation at 12 MHz or below. This bit should
remain 0 for page mode 3 or 16/20 MHz opera-
tion.

A single contiguous block of memory may be write
protected, so that when BIOS ROM is copied into
RAM, the RAM copy will not be inadvertently al-
tered. Write protection is accomplished by not as-
serting CAS when MEMW is active.

5-20
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MEMORY ADDRESS MULTIPLEXER

FE3021A

RAM Write Protect - Upper Address Boundary

FFF53 X X X X |'1 |A18 |A17 | Al6
7 6 5 4 3 2 1 0
The Upper Address Boundary Register is cleared by master reset
RAM Write Protect - Lower Address Boundary
FFF55 | X X X X |'1" |A18 |A17 | A16
7 6 5 4 3 2 1 0

The Lower Address Boundary Register is preset to all 1's by master reset

Master reset clears the upper address boundary
registers and presets the lower address boundary
registers, which disables write protection. Write
protection is enabled on the address range where
the RAM address is less than or equal to the
upper address boundary as well as greater than
or equal to the lower address boundary. Write.
protection is programmable on 64K boundaries,
and the write protection boundaries must be equal
to or above 80000H and equal to or below
FFFFFH. Write protection will not affect EMS
writing even if the EMS window address range is
covered by write protection boundaries. This allows
protection of BIOS code copied into RAM without
affecting operation of EMS.

The memory banks may be programmed to
various sizes on 128K boundaries, except the
upper split of bank 0, which is programmable on
64K boundaries.

A pair of window registers determines the address
range for each memory bank. This allows the
banks to be positioned at varying points and in
different order than the bank number. If one bank
of memory is defective, it can be disabled and the
other banks can be programmed to replace it.

Video BIOS is shadowed instead by mapping the
EGA/VGA BIOS to FO000 or F8000 and then
shadowing the FO0O00 - FFFFF BIOS area. This
method also allows a ROM resident setup pro-
gram to reside at FOO00 in ROM, which can be
replaced with EGA/VGA BIOS by shadowing. This
method allows a 512K bank to be allocated as
128K of conventional memory, 64K of shadowed
VGA and system BIOS, and 320K of extended or
EMS memory.

BANK 0 - LOWER SPLIT
Upper Address Boundary

FFF57 ‘X‘X\X|x]7A19‘A18‘A17‘0/1*J
7 6 5 4 3 2 1 0
Upper boundary must be OFXXXX or below

BANK 0 - LOWER SPLIT

Lower Address Boundary

FFF59 ‘X X X‘ X | A19 | A18 01+

7 6 5 4 3 2 1 0
Lower boundary must be OFXXXX or below
Upper Address Boundary = 09XXXX (Hex) by master reset
Lower Address Boundary = 09XXXX (Hex) by master reset

A17
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FE3021A MEMORY ADDRESS MULTIPLEXER

BANK 0 - UPPER SPLIT BANK 0 - UPPER SPLIT
Upper Address Boundary - MSD Upper Address Boundary - LSD
FFF5A X X X X A23 A22 A21 A20 FFF5B X X X X A19 A18 A17 A16**
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Lower Address Boundary - MSD Lower Address Boundary - LSD
FFF5C | X | X | X | X | A23 | A22 | A21 | A20 FFFSD | X | X | X | X | A19 | A18 | A17 | A16*
7 6 5 4 3 2 1 0 . 7 6 5 4 3 2 1 0

Upper Address Boundary = 00XXXX (Hex) by master reset

Lower Address Boundary = FFXXXX (Hex) by master reset
(upper split disabled)

* Don't care

** A16 is ignored in early production version (0000, 1011)

BANK 1.

BANK 1
Upper Address Boundary - MSD Upper Address Boundary - LSD
frre2 | x | x | x| x| a2a | a22 | a21 | a2 FFF63 | X | X | X | X | A19 | A18 | A17 | 0/1*

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Lower Address Boundary - MSD ' Lower Address Boundéry -LSD

FFF64 X X X X A23 A22 A21 A20 FFF65 X X X X A19 A18 A17 6/1*
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 ]

Upper Address Boundary = 07XXXX (Hex) by master reset * Don't care

Lower Address Boundary = 00XXXX (Hex) by master reset
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MEMORY ADDRESS MULTIPLEXER

FE3021A

BANK 2

Upper Address Boundary - MSD

BANK 2

Upper Address Boundary - LSD

FFF66 X X | X X | A23 A22 A21 A20 FFF67 X X X X | A19 A18 A17 0/1*
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Registers FFF66 and FFF67 are cleared by master reset
Lower Address Boundary - MSD Lower Address Boundary - LSD
FFF68 X X X X | A23 A22 A21 A20 FFF69 X X X X A19 A18 A17 0/1*
7 6 5 4 3 2 1 0 7 86 5 4 3 2 1 0
Registers FFF68 and FFF69 are preset to all '1s’ by master reset
(Bank 2 disabled by master reset)
* Don't care
Upper Address Boundary - MSD Upper Address Boundar - LSD
FFF6A X X X X | A23 A22 A21 A20 FFF6B X X | X A19 A18 | A17 on*
7 6 5 4 3 2 1 0 7 6 5 3 2 1 0
Registers FFF6A and FFF6B are cleared by master reset
Lower Address Boundary - MSD
Lower Address Boundary - LSD
FFF6C X X X X A23 A22 A21 A20
FFF6D X X X X A19 A18 A17 0/1*
7 6 5 4 3 2 1 0
7 6 5 4 3 2 1 0
Registers FFF6C and FFF6D are preset to all '1s’ by master reset
(Bank 3 is disabled by master reset)
* Don'’t care
5-23
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_.MEMORY ADDRESS MULTIPLEXER

The RAM banks may be either independent or
two-way or four-way page interleaved. DRAM
banks which are interleaved must be the same
DRAM size.

FFF6F X X | X X | o01*

7 6 5 4 3 2 1 0
* Don't care

Register FFFBF is not used in non-page mode.

When the memory system operates in page
mode, the banks of memory may operate inde-
pendently or may be interleaved. Interleaving may
decrease the average number of wait states, thus
increasing performance, but interleaving may only
be done if the memory banks to be interleaved
are the same size.

CFG FUNCTION
000* All banks are independent
011 Bank 2 paired with Bank 3,
Banks 0 and 1 are independent
101 Bank 0 paired with Bank 1,
Banks 2 and 3 are independent
111 Bank 0 paired with Bank 1,
Bank 2 paired with Bank 3
110 All four Banks are interleaved

* Default after master reset

When the memory system operates in page
mode, accesses to DRAM in the same page are
made with zero wait states. An access to a dif-
ferent page, or the first access to a page after a
refresh, DMA, or master cycle will be made either
with two wait states for memory mode 2, or three
wait states for memory mode 3. The actual page
size is variable, depending on the DRAM size.

DRAM SIZE PAGE SIZE
64K 512 bytes
256K 1024 bytes
™ 2048 bytes

2 WAY INTERLEAVE 4 WAY INTERLEAVE

3 3
2 2
3 1
| BANKS2+3
2 0
3 3
0 ] 0
1 3
| BANKS 0 + 1
0 2
2047
1 1
1024
1023
0 N 0
0

ADDRESS

Multiple banks of memory operating in page mode
may operate independently or may be interleaved.
Interleaving may decrease the average number of
wait states, thus increasing performance, but in-
terleaving may only be done if the memory banks
to be interleaved are the same size. Only banks 0
and 1 or banks 2 and 3 may be interleaved
together when implementing 2-way interleave.
When banks 0 and 1 are interleaved, bank 1
boundary registers should be programmed so that
the bank is disabled and the bank 0 boundaries
should be programmed as if bank 0 were twice
the normal size. As an example, for a system with
2 banks of 256K DRAM operating independently,
the banks could be programmed as shown in Fig-
ure 4.

When the banks are interleaved, the banks would
be programmed as shown Figure 5.
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FE3021A

1408K -

1024K bank 0 upper split
640K bank 0 lower split
512K -
512K

0- — bank 1
FIGURE 4. BANKS OPERATING
INDEPENDENTLY

The following tables illustrate memory system
characteristics with various configurations of
memory and processor speed, both for page
mode and non-page mode DRAM access.

1408K -
1024K

640K -
0K

—— bank 0 upper split

—— bank 0 lower split

FIGURE 5. BANKS INTERLEAVED

For a page mode hit, the read and write accesses
may have different performance. For a page
mode miss or the first access to a page, the read
and write accesses have the same performance.
In a page mode miss, RAS starts out low and
must be brought high for a RAS precharge time
before the memory can be accessed.

CPU WAIT STATES
NON-P EMS
ON-PAGE MODE FREQUENCY READ WRITE MISS DRAM SPEED
MODE 4 8 MHz 0 0 120 ns
MODE 0 16 MHz 1 80 ns
MODE 4 12.5 MHz 1 1 120 ns
cPU WAIT STATES
PAGE MODE NON-EMS EMS
FREQUENCY READ WRITE MISS MISS DRAM SPEED
MODE 2 16 MHz 0 1 2 3 80 ns
MODE 3 20 MHz 0 1 3 3 80 ns
MODE 3 16 MHz 0 1 3 3 100 ns
MODE 3 12.5 MHz 0 1 3 3 120 ns
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MEMORY ADDRESS MULTIPLEXER

The DRAM timing is set by an external delay line
for DMA or master mode transfers. The RAS
leading edge becomes active from the active level
of the MEMR or MEMW signals.

RAM SIZE CONFIGURATION REGISTER - BANK 1 AND 0

BN; 1 BN"( . SZ = 00 *: 256K
FFF70 01 :1M
Sz Sz 10 : RESERVED
1 | 11 : 64K

3 2 1 0

RAM SIZE CONFIGURATION REGISTER - BANK 3 AND 2

The DRAM timing modes are programmed by
writing into register FFF72. The DRAM timing
mode is actually switched during a processor hold
state caused by a refréesh, DMA, or bus master
cycle. The Present DRAM Timing Mode register
contains the current timing mode. Registers
FFF72 and FFF73 will thus disagree until after a
processor hold state occurs; typically, a refresh
cycle will occur in 10 to 15 microseconds.

DRAM TIMING MODE

I T

DTYP

| |
1

FFF72 X X | X X | D

7 6 5 4 3

DRAM TIMING MODE WILL GO INTO EFFECT AFTER
REFRESH, DMA, OR OTHER HOLD CYCLE

PRESENT DRAM TIMING MODE
' '  5Z=00": 256K T
FFF71 Bglé( 3 BgzK 2 ?(1) E;{'\éSERVED FFF73 X X X X | D [TTYI'3 READ-ONLY
| | 11 64K 7 6 5 4 3 2 1
3 2 1 o0
DTYP DRAM MODE
000* Non-page (MODE 0)
001 Zero wait state read, one wait state write (MODE 1)
010 Page mode DRAM at 12.5 MHz CPU rate (MODE 2)
011 Standard page mode for 8-20 MHz CPU rate (MODE 3)
100 Identical to mode 0, but RAS delayed one-half CPU clock  (MODE 4)
101 Non-page for 8-12 MHz CPU rate,with 0 wait (MODE 5)

states, RAS pulse width is 2 CPU clocks

* Default after master reset
D = 0: Normal operation (default)

D = 1: Reserved for diagnostics; disables DRAM page mode hit/miss logic
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8.0 EMS MEMORY

RAM memory above 1024K may be used both for
expanded or extended memory. EMS memory
may be as small as 128 Kbytes or as large as
7168 Kbytes. The EMS memory is accessed by
two sets of EMS Page Registers, which reside in
user 1/0O space. Each set of EMS Page Registers
points to 36 blocks of memory, each block 16
Kbytes in size, which make up the EMS Page
Frame. Four of the blocks are located above
640K, with the other 32 blocks located between
128K and 640K.

Each EMS Page Register is associated with one
page of the EMS Page Frame, and consists of an
enable bit and a 10-bit page number. When
enabled, a 24-bit real address is formed by taking
the 10-bit page number and appending the 14 bit
address referencing the byte or word in the EMS
page. The 24-bit address is then used to access
the DRAM memory controlled by the FE3021A.

In either page mode or non-page mode, if the
DRAM row address does not change, then no ad-
ditional wait states are required for EMS transla-
tion. This will allow EMS access without additional
wait states if accesses are made to the same 512,
1024, or 2048 byte page, depending on DRAM
size.

The EMS hardware must first be configured by
programming the EMS control registers located in
the FFFOO-FFFFF register space, which is unlock-
ed by writing to memory location FFFOO eight
times. The I/O port locations of the EMS Page
Registers are in user I/O space and their locations
are selected with EMS Configuration Registers
FFF75 and FFF78.

EMS Configuration Register FFF79 is used to
completely enable or disable EMS, as well as to
switch between the two sets of EMS Page
registers. When the 'E’ bit is '0’, EMS operation is
disabled and the EMS registers in user /O space
are inaccessible. When this is '0’, it is as if the
EMS hardware had been "unplugged" from the
bus. When the 'E’ bit is a’1’, the EMS registers in
the user 1/0O space become accessible. Registers
FFF75 and FFF78 (which determine the 1/O port
addresses for the EMS logic), should be
programmed prior to setting the 'E’ bitto '1.

-7, 73 ADVANCED INFORMATION 11/13/90

5-27




FE3021A

EMS MEMORY

EMS CONFIGURATION REGISTER N

FFF75

This register is set to ‘0110’ by master reset

EMS CONFIGURATION REGISTER M

FFF78

This register is set to '1000’ by master reset

EMS CONFIGURATION REGISTER

FFF79 E

’0’

PFA E=1: MASTER ENABLE FOR EMS

BIT 2 RESERVED, "0’

3
PFA = 00
PFA =01
PFA =10
PFA = 11

MSD

2

1

0

: EMS PAGE FRAME C4000-D3FFF
: EMS PAGE FRAME C8000-D7FFF
: EMS PAGE FRAME CC000-DBFFF
: EMS PAGE FRAME D0000-DFFFF

This register is cleared by master reset

FFF76 A23 A22 A21

A20

0

LSD

FFF77 A19 A18 A17

0/1*

LOWER EMS BOUNDARY

*

These registers are setto "1111’ by master reset

Registers FFF76 and FFF77 are used to allocate
memory for EMS, on 128 Kbyte boundaries.
Memory with addresses below the EMS boundary
is accessed normally, as conventional or ex-

tended memory.

Don’t care

On-board memory with addresses above the EMS
boundary is reserved for use only as EMS
memory. DRAM memory accesses to addresses
above the EMS boundary are made to the expan-
sion bus. This allows EMS, off-board, and on-
board extended memory to be used simul-

taneously.
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EMS MEMORY FE3021A
EMS REGISTER CPU ADDRESS
0 080FFF
RESULT 1: 0 OFFF
23 14 13 0
10 EMS LOWER ADDRESS BOUNDARY
23 16
RESULT 2: 1 0O O FFF GENERATED ADDRESS

Any CPU address above 1 MB (the EMS lower
address boundary), is assumed to reference
memory on the expansion bus, rather than on-
board memory, which prevents extended memory
references from affecting on-board EMS memory.

EMS DMA Control Register FFF7A is used to con-
trol the selected EMS map register set during
DMA or master transfers. This allows DMA trans-
fers to be made to a particular EMS task, whether
or not it is the currently selected task.

On-board memory may be allocated either to ex-
tended or to EMS memory in 128 Kbyte blocks.
EMS memory is allocated from the top of on-
board memory down to the desired limit.

As an example, if the system contained 2 MB of
DRAM, the memory map (without EMS) might
look similar to Figure 6 (a) on the following page.
The system would contain 640K of conventional

memory and 1,280K of extended memory. The
1,280K of extended memory is composed of two
parts: the original 1,024K and 256K of memory
relocated from 0A0000 - OE0000. The 128K area
from OE00QO - 0FO000 could also be relocated but
in this example, it is not.

Figure 6 (b) illustrates the memory map after EMS
has been installed. The EMS boundary registers
have been programmed so that on-board memory
above 1,152K is reserved for EMS. 128K of on-
board extended memory remains between
100000 - 120000. Additional extended memory
could be added on the expansion bus, starting at
120000. Two EMS areas are shown, one 64K
area at 0D0000 - OE0000, and the other at
020000 - 0A0000.

Figure 6 (c) shows the possible EMS page num-
bers ranging from 0 - 4F for the 1,280K of
memory available for EMS paging.

7]
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EMS MEMORY

FE3021A

The EMS Control Register and EMS Page
Registers are addressed in the user 1/O port ad-
dress space, /0O ports 100 (hex) through 3FF
(hex). The EMS Control Registers and EMS Page
Registers are selected when the /O port address
bits 9 - 6 match the value M’ programmed by
register FFF78 and the /O port address bits 5 - 2
match the value 'N’ programmed by register
FFF75.

The EMS 1/O Control Port is used to enable or
disable EMS translation. When EMS translation is
disabled, the EMS I/O control port and EMS page
registers may still be accessed, but EMS page
swapping will not occur.

The EMS /O Control Port is also used to select
the active page register set. When the processor

accesses EMS memory, it always uses the
register set specified by the TK bit. Normally,
when DMA accesses EMS memory, it also uses
the register set specified by the TK bit. Alterna-
tively, the DMA transfer may be made. using a
particular register set, independently of the
register set currently being used by the processor.
This allows a DMA operation to start, continue,
and finish while the processor is time-slicing and
swapping back and forth between two programs.

The P and W fields for each page register are
specified in the following table. Each EMS Page
register is composed of a one bit enable bit (E) and
a 10-bit page number (Q9-Q0). EMS translation for
the EMS page is enabled when the E bitis a’1’.

EMS CONTROL REGISTER
EMS /O
CONTROL EMS | TK DTK | DEN
PORT
3 2 1 0
EMS = 1: EMS TRANSLATION ENABLED
DEN=0: DMA TRANSFERS MADE TO MAP REGISTER

SET SPECIFIED BY "TK" BIT

DEN=1:

DMA TRANSFERS MADE TO MAP REGISTER

SET SPECIFIED BY "DTK" BIT

EMS CONTROL REGISTER ADDRESS LOCATION

1/0 PORT
ADDRESS XIX|Xx|xj11

T T T T
M N XX
| N

EMS PAGE REGISTER - MSD

[
1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T 1 :

K%ggggs | :’ | 1,0 M | r|¢ | vlv E|O Qs-loa
15|14|13|12 1 10 9 8|7 6 5‘4|3|2 1|0 D3D2D1|D0

1/0 PORT | ,I, l ol 1 | .&. | | ||q | vlv IQ7-IQ4|

ADDRESS [ | I [ | 11
1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0 D3 D2 D1 DO
EMS PAGE REGISTER - LSD

/0 PORT ] |I, ! olo " I\;I l ! lEl ! V|V 103-|QO |

ADDRESS | | | | V [ | S N S
1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0 D3 D2 D1 DO

N

ADVANCED INFORMATION 11/13/90
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EMS MEMORY

PFA=00 PFA=01 PFA=10 PFA=11
0000 11 D0000-D3FFF | D4000-D7FFF | D8000-DBFFF | DC000-DFFFF
0000 10 CCO00-CFFFF | D0000-D3FFF | D4000-D7FFF | D8000-DBFFF
0000 01 C8000-CBFFF | CCO00-CFFFF | D0000-D3FFF | D4000-D7FFF
0000 00 C4000-C7FFF | C8000-CBFFF | CCO000-CFFFF | D0000-D3FFF
1001 11 9C000-9FFFF | 624K TO 640K
1001 10 98000-9BFFF | 608K TO 624K
1001 01 94000-97FFF | 592K TO 608K
1001 00 90000-93FFF | 576K TO 592K
1000 11 8C000-8FFFF | 560K TO 576K
1000 10 88000-8BFFF | 544K TO 560K
1000 01 84000-87FFF | 528K TO 544K
1000 00 80000-83FFF | 512K TO 528K
0111 11 7C000-7FFFF | 496K TO 512K
0111 10 78000-7BFFF | 480K TO 496K
0111 01 74000-77FFF | 464K TO 480K
0111 00 70000-73FFF | 448K TO 464K
0110 11 6C000-6FFFF | 432K TO 448K
0110 10 68000-6BFFF | 416K TO 432K
0110 01 64000-67FFF | 400K TO 416K
0110 00 60000-63FFF | 384K TO 400K
0101 11 5C000-5FFFF | 368K TO 384K
0101 10 58000-5BFFF | 352K TO 368K
0101 01 54000-57FFF | 336K TO 352K
0101 00 50000-53FFF | 320K TO 336K
0100 11 4C000-4FFFF | 304K TO 320K
0100 10 48000-4BFFF | 288K TO 304K
0100 01 44000-47FFF | 272K TO 288K
0100 00 40000-43FFF | 256K TO 272K
0011 11 3C000-3FFFF | 240K TO 256K
0011 10 38000-3BFFF | 224K TO 240K
0011 01 34000-37FFF | 208K TO 224K
0011 00 30000-33FFF | 192K TO 208K
0010 11 2C000-2FFFF | 176K TO 192K
0010 10 28000-2BFFF | 160K TO 176K
0010 01 24000-27FFF | 144K TO 160K
0010 00 20000-23FFF | 128K TO 144K

TABLE 9. EMS PAGE REGISTER INFORMATION
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9.0 TEST MODE

All output pins will become ftri-stated if YMEMR
and YMEMW are active simultaneously while MR
is active. The outputs will remain tri-stated if MR is
brought inactive while YMEMR and YMEMW are
both active. The outputs will become active
drivers_again when MR is brought low without
both YMEMR and YMEMW active. This "all output
tri-state” mode allows an in-circuit board tester to
drive the FE3021A output pins.

:fé ADVANCED INFORMATION 11/13/90
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10.0 FE3021A PINOUT

The FE3021A is packaged in a 132-pin plastic

quad flat pack. Table 10 lists the pins according to

their function.
AT BUS CHIP SELECTS & 80286 INTERFACE MEMORY CONTROL
LA23 63 CONTROL A23 74 RASO 128
LA22 70 Cso 48 A22 78 RAST 129
LA21 71 Cst 47 A21 79 RAS2Z 130
LA20 93 Cs2 46 A20 80 RAS3 132
LA19 95 Cs3 45 A19 81 CASLO 125
LA18 102 CSF 49 A18 82 CASL1 126
LA17 103 CS8042 60 A17 83 CASL2 2
ADDR19 59 Cs287 56 A16 84 CASL3 3
ADDR18 61 CSNMI 20 A15 85 CASHO 4
ADDR17 62 CSPTB 22 A4 86 CASH1 5
ADDR16 64 ADSTB 53 A13 87 CASH2 6
ADDR15 65 SELDAT 40 A12 88 CASH3 131
ADDR14 66 YMEMR 10 A11 89 REFR 18
ADDR13 68 YMEMW 11 A10 90 CSPROM 43
ADDR12 69 YIOR 12 A9 109 ONBD 57
ADDR11 72 Yiow 13 A8 110 BHE 21
ADDR10 73 IOR 8 A7 111 DLE 23
ADDR9 75 Iow 9 A6 12 ADRO 24
ADDR8 94 A5 13 LOMEG 25
ADDR7 96 ME";‘ORY ADDRESS A4 114 A20GT 54
ADDR6 97 RAG ’ A3 15
ADDRS5 98 RAS 39 A2 116 GROUND POWER
ADDR4 100 RA7 28 A1 17 1 7
ADDR3 101 RAS o A0 118 27 30
ADDR2 104 RAB 36 S0 119 29 50
ADDR1 106 RA 2 st 120 42 55
ADDRO 105 RA3 24 M/IO 121 51 77
MASTER 52 RAD a3 CPUCLK 122 67 92

HLDA 123 76 107
DATA BUS 22(1) gf IORDY 127 91
EDATA3 17 pheded 58 99
EDATA2 16 TAPT y RESET 108
EDATA1 15 753 o6 RESET 28 124
EDATAO 14 FRES 19
TABLE 10. PIN LISTING
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FE3021A PINOUT

LY
ov
0s
s

om
M10NdO
VaiH
ANNOHD
01Sv0
LISVO
AQHO
0Svd
LSvd

2svd

v1iva3
cviva3s
€v1lva3

A3

A6

A7

GROUND

VCC

ADDR1
ADDRO
ADDR2
LA17

LA18

ADDR3

ADDR4

GROUND
ADDR5
ADDR6

ADDR7
LA19

ADDR8
LA20

vCcC

GROUND
A10
A1

A12
A13

A14
A15
A16

116 | A2

115

114 | A4

113

112
111

110 [ A8

109
108
107
106
105
104
103
102
101

27
28
29
30
31

32

FE3021A

33
34
35
36
37

100

99

98
97

96
95

38

39
40

41

94

93
92
91

42

43

20

44
45

89
88
87

46
47
48
49
50

86

85
84

REFR

GROUND

RESET
GROUND

vCcC
RAO
RA1

RA2
RA3
RA4

RA5

RA6

RA7
RA8

SELDAT

RA9
GROUND

CSPROM

TAP1

CS3

cs2
cst.
CSo
CSF

VCC

v

\\\\\\\\\\

LY
sLY
187
(V4
lev
aey
O0A
ANNOYD
edaavy
gev
oildaav
Lgaavy
Lev
aevl
cidaavy
eLdaay
ANNOHHD
vidaayvy
sidaavy
914aayv
gev
214aav
814aayv
2v08S0O
614aav
svy
agNo
28280
O0A
1902v
ga1sav
HILSYN
ANNOHO

FIGURE 7. (PQFP) PLASTIC QUAD FLAT PACK PIN ASSIGNMENTS
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ELECTRICAL SPECIFICATIONS

11.0 ELECTRICAL SPECIFICATIONS

11.1 MAXIMUM RATINGS

Supply Voltage (VCC) with respect to VSS (ground)

Operating temperature
Storage temperature
Power dissipation

NOTE

. 05Vto+7V

. 0°C (32°F) 10 70°C (158°F)

. -40°C (-40°F) to 125°C (257°F)
. 500mw

Maximum limits indicate where permanent device damage occurs.
Continuous operation at these limits is not intended and should be
limited to those conditions specified under DC Operating Charac-

teristics.

11.2 DC OPERATING CHARACTERISTICS
Ta = 0°C (32°F) to 70°C (158°F), Vec =5V £ .25V

SYMBOL | CHARACTERISTIC MIN | MAX | UNITS CONDITIONS
I Input Leakage +10 uA VIN = .4 TOVCC
10Z Tri-state And Open +10 uHA VOUT = 4 TOVCC

Drain Output Leakage
VIH Input High Voltage 2.0 \
VIL Input Low voltage .8 \
VIHC CPU Clock Input .6 \'
High Voltage
ViLC CPU Clock Input .6 \'
Low Voltage
ICC Supply Current 50 mA All outputs open,
inputs at 2.0V,
CPUCLK = 16 MHz

TABLE 11. DC OPERATING CHARACTERISTICS

For outputs YIOR, YIOW, RA[9:0], ONBD, LOMEG, A[23:0], CSF, CS[3:0], 58042, CS287,

CSNMI, CSPTB, RAS, RAS[3:0], CASL[3:0], CASH[3:0], CSPROM, DLE,
FRES, SELDAT, and EDATA[3:0]

SYMBOL | CHARACTERISTIC MIN | MAX | UNITS CONDITIONS
VOH Output High Voltage 24 \ IOUT =-1mA
VOL Output Low Voltage 4 \ IOUT=1mA

TABLE 11. DC OPERATING CHARACTERISTICS cont.
For outputs ADDR[19:0], LA[23:17], IOR, IOW, IORDY
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ELECTRICAL SPECIFICATIONS FE3021A
SYMBOL | CHARACTERISTIC MIN | MAX | UNITS CONDITIONS
VOH Output High Voltage 24 \" I0UT = -3 mA
VOL Output Low Voltage 4 \ IOUT = 12 mA*

TABLE 11. DC OPERATING CHARACTERISTICS cont.

*10 mAfor IOR, TOW.

11.3 AC TIMING CHARACTERISTICS

CSF, CS[3:0], CS8042, CS287, CSNMI CSPTB, SELDAT,

RA[9:0], ONBD, LOMEG, RAS, CSPROM, YIOR, YIOW,

Load Capacitance = 20 pF for output: DLE
Load Capacitance = 50 pF for outputs:

FRES
Load Capacitance = 100 pF for output:

Load Capacitance =

IORDY, A[19:0], EDATA[3:0], CASL[3:0], CASH[3:0]
200 pF for outputs: RAS[3:0], LA[23:17], ADDR[19:0], IOR, IOW

PRELIMINARY | PRELIMINARY |PRELIMINARY
SYMBOL | CHARACTERISTIC 12 MHz 16 MHz 20 MHz
MIN MAX MIN MAX MIN MAX
T1 CPUCLK Cycle 40 31 25
T2 CPUCLK High Pulse 13 12
T3 CPUCLK Low Pulse 11 10
T4 A[23:0], M/IO Setup To 22 16 12
SO0 Or S1 Falling
T5 A[23:0], M/IO To ONBD, 56 33 27
Memory Cycle
T5a A[23:6], M/IO to ONBD, 56 33 22
I/0 cycle
T6 S0, S1 Setup To CPUCLK 20 11 8
Falling
T7 S0, S1 Hold From CPUCLK 3 2 1
Falling
T10 M/IO, A[23:0] To LA[23:17] 50 45 45
T13 YMEMR To CSPROM 45 46 46

TABLE 12. SYSTEM TIMING

ADVANCED INFORMATION 11/13/90
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PRELIMINARY |PRELIMINARY |PRELIMINARY
SYMBOL CHARACTERISTIC 12 MHz 16 MHz 20 MHz
MIN MAX |MIN MAX |MIN MAX

T14 ADSTB To CSJ[3:0], CSPTB, 45 37 37
CSF, CSNMI, CS8042

T14a ADSTB To CS287 45 37 30

T14b CPUCLK Falling To CS287 44 44 44
ROM Cycle

T15 ' CPUCLK Falling To LOMEG 43 43 43

T17a YIOR To IOR 40 35 35

T17 YIOW To IOW 40 35 35

T18 ADSTB To ADDR[19:1] 78 59 45

T19 ADRO To ADDRO 45 40 40

T20 . Data Valid From YMEMR 180 150 140
Or YIOR Active

T22 LA[23:17] From 50 45 45

_ CPUCLK Falling

T24 Data Setup To YMEMW 180 150 150
Or YIOW Inactive

T25 Data Hold From YMEMW 10 10 10
Or YIOW Inactive

T26 YIOR Or YMEMR 55 55 55
To SELDAT

T27 IOR To SELDAT,
Master Mode Cycle 50 45 45

T28 ADSTB To Row Address; 50 47 47
DMA Cycle, NON-EMS

T28a ADSTB To Row Address; 180 147 147
DMA Cycle, EMS

T29 YMEMR To RAS, RAS[3:0], 36 36 36
Refresh Cycle

T30 YMEMR Or YMEMW To 35 30 30
RAS; DMA Cycle

T31a TAP1 Falling To ROW 5 5 5
Address Invalid

T31b TAP1 Falling To 45 T33+18 T33+12
Column Address Valid

T32 YMEMR Or YMEMW To 35 - 30 30
RASI3:0], DMA Cycle

TABLE 12. SYSTEM TIMING cont.
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ELECTRICAL SPECIFICATIONS FE3021A

PRELIMINARY | PRELIMINARY | PRELIMINARY
SYMBOL CHARACTERISTIC 12 MHz 16 MHz 20 MHz
MIN MAX | MIN MAX | MIN MAX

T33 TAP2 Falling To CASL[3:0], 30 29 29
CASHO0, DMA Cycle

T34 YMEMR Or YMEMW Rising 35 29 29
To CASL[3:0] Or CASHI[3:0]
Inactive

T35 YMEMR Active To DLE 40 32 32
Active; DMA Or
Master Mode

T36 YMEMR inactive To DLE 40 32 32
Inactive: DMA Or Master
Mode

T37 BHE Or ADRO Setup To 25 20 20
CPUCLK Falling

T38a ADRO Setup To CPUCLK 25 20 20
Falling

T38b BHE Setup To CPUCLK 25 20 20
Falling

T39 A[23:1] To RA[9:0] Row 45 27 27
Address; Mode 0, 1,4, 5

T40 TAP1 Falling To RA[9:0] 45 29 29
Column Address; Mode 0, 1,
4,5

T41 RA[9:0] Row Address Valid 50 47 47
From CPUCLK At End Of
CAS[3:0]

T43 CPUCLK Falling To RAS; 35 30 30
Mode 0, 1,5

T44 CPUCLK Falling To RAS[3:0], 35 30 30
Mode 0, 1,5

T47 TAP2_Falling To CASLI[3:0], 35 29 29
Or CASHI3:0], Active;
Mode 0, 1,4,5

T48 CPUCLK Falling To CASL[3:0], 35 27 27
Or CASHI3:0] Inactive;
Mode 0, 1,4,5

T49 ROW Address From Middle 52 52
Of TS

T50 TAP2 Falling To DLE Active; 35 32 32
Mode 0, 1,4, 5

TABLE 12. SYSTEM TIMING cont.
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" FE3021A

ELECTRICAL SPECIFICATIONS

PRELIMINARY | PRELIMINARY |PRELIMINARY
SYMBOL | CHARACTERISTIC 12 MHz 16 MHz 20 MHz
MIN MAX |MIN MAX [MIN MAX

T51 CPUCLK Falling To DLE 35 35 35
Inactive; Mode 0, 1, 4, 5

T52a Ready Low From S0 Or 35 30 25
S1 Low

T52b Ready Low From CPUCLK 35 30 25
Rising

T53 Ready High From 35 30 30
CPUCLK Falling

T54 Column Address From T57+30 N/A
CPUCLK Falling

T56 RAS[3:0] Active From 30 N/A
CPUCLK Falling

T57 CASJ3:0] Active From 23 N/A
CPUCLK Rising

T58 CASJ[3:0] Inactive From 23 N/A
CPUCLK Rising

T59a DLE Active From CPUCLK 35 30 30
Falling

T59b DLE Inactive From CPUCLK T68+5 T68+5 T68+5
Rising

T60 Row Address Valid From 52 52 52
CPUCLK Falling; Mode 3

Té1a RAS[3:0] Inactive From 30 30 30
CPUCLK Falling

T62 RAS[3:0] Inactive From 40 35 35
HLDA Active

T63 Column Address Hold 1 1 1
From End Of CAS[3:0]

T64 Column Address From 50 T67+30 T67+21
CPUCLK; Mode 2 & 3

T65 Column Address From 45 T67+19 T67+13
A[23:1]

T66 RASI[3:0] Active From 35 30 26
CPUCLK Rising; Mode 3

T67 CASL[3:0] Or CASH[3:0] 28 19 19
Active From CPUCLK;
Mode 3

TABLE 12. SYSTEM TIMING cont.
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ELECTRICAL SPECIFICATIONS

FE3021A

PRELIMINARY | PRELIMINARY | PRELIMINARY
SYMBOL | CHARACTERISTIC 12 MHz 16 MHz 20 MHz
MIN MAX |MIN MAX | MIN MAX

T68 CASL[3:0] Or CASH[3:0], 28 23 23
Inactive From CPUCLK
Rising; Mode 3

T6867 Difference Of CAS[3:0] 4 4 N/A
Inactive And Active Time
(T[68:67])

T69 REFR To ONBD 50 50 50

T70 Refresh Address Valid From 50 50 50
REFR

T72 MASTER Active To LA[23:17], 45 45 45
ADDR[16:0] High Impedance

T73 MASTER Inactive To LA 45 45 45
[23:17], ADDR [16:0] Low
Impedance

T74 ADDRJ9:0] To Chip Selects 65 65 65

T75 MASTER Active to A[23:0], 45 45 45
ADRO Low Impedance

T76 MASTER Inactive To A[23:0], 45 45 45
ADRO High Impedance

T77 LA[23:17], ADDR][16:1] To 45 42 42
RA[9:0]

T77a LA[23:17], ADDR[16:1] To 198 198 198
RA[9:0] - EMS Cycle

T78 MASTER Active To YIOR, 45 45 45
YIOW Low Impedance

T79 MASTER Inactive To YIOR, 45 45 45
YIOW High Impedance

T80 MASTER Active To IOR, 45 45 45
IOW High Impedance

T81 MASTER Inactive To IOR, 45 45 45
IOW Low Impedance

T82a IOR To YIOR 30 25 25

T82b IOW To YIOW 30 25 25

T83 LA[23:17], ADDRJ[16:0] 40 35 35
To A[23:0], ADRO

TABLE 12. SYSTEM TIMING cont.
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FE3021A ELECTRICAL SPECIFICATIONS

CPUCLK

—
A23-A0,
MIO

| |
I |
— |
80,81 | ::| te L— : !__.i te L——l
S I T
o ] ] ! o to p—
LAZ3-LAT7 X NOTE 1 | ><
READY 152 I \‘:—’. e
YIOR, YIOW, —

YMEMR, YMEMW

TOR, oW

|
|
I
SELDAT | !26—4 ]-——- 126_’! F
l
D vy [ | </ / /X
e ove //4//;/////>< _
|
i
|

CSPROM

DLE

LOMEG t15 _—.l l‘_ I
Cs287 tiab —-—>| )‘—
ADSTB

CSx

| =

f—

ADDR19-ADDR{ ><
| X

ADRO

ADDRO ><

LOW SPEED MODE
NOTE 1: LA23-LA17 AT MIDDLE OF Ts UNTIL MEMORY OR /O STROBE

FIGURE 8. BASIC TIMING

5-42 ADVANCED INFORMATION 11/13/90 w
n



ELECTRICAL SPECIFICATIONS FE3021A
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FIGURE 9. HIGH SPEED MODE LA23-LA17 TIMING
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FE3021A » ELECTRICAL SPECIFICATIONS

HLDA L

A23-A1,

oRo, e X/ /X
_

LA23-LA17 ></ / /><

~_

ADSTB
—» 118'4—
ADDR19-ADDR1 ! ><
I
— t28t<——
X777 7Y son X _comm X
o 1312 kb
MEMW, MEMR | oft3ibe—
|
RAS t30—J — | 130
| |
TAP1 | |
| l
TAP2 ] |
132> fo— 132_.i f—
T
RASn | I |
| | |
CASLn | ‘3*’{ T o et
!
| I
CASHin | 18 = ket
I
l |
Iﬁ '(35—'| [— _’i — t 36
NOTE 1

NOTE 1: DLE GENEATED ONLY FOR MEMORY READ CYCLES

FIGURE 10. DMA MEMORY CYCLE

5-44 ADVANCED INFORMATION 11/13/90 .:/'é
(]



ELECTRICAL SPECIFICATIONS FE3021A
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ELECTRICAL SPECIFICATIONS FE3021A
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ELECTRICAL SPECIFICATIONS FE3021A
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INTRODUCTION FE3031

1.0 INTRODUCTION

11 DESCRIPTION 1.2 FEATURES

100 Pin PLCC

PC AT* Data Bus Buffers
Peripheral Data Bus Buffer
Memory Data Bus Buffers
Parity Generator/Checker

1.25 Micron CMOS Technology

The FE3031 is an IBM* AT data buffer and parity
generator/checker in a 100-pin PLCC package
that contains all of the data buffers necessary to
implement an AT compatible computer. The
FE3031 functions as a peripheral data bus buffer,
memory data bus buffer, a parity/generator/check-
er, and PC/AT data bus buffer.

oooo00

This document describes the pinouts, signals,
timing and electrical specifications of the FE3031
AT Data Buffer IC. The FE3031 is part of the
FE3600B AT Core Logic chip set for 16 MHz
80286 based AT computers.

CPU CONTROL

FE 3001

CPU CONTROL

INTERNAL CONTROL

AT ADDRESS BUS

FE 3021

ADDRESS BUFFER AT BUS CONTROL
MEMORY
CONTROLLER

RAM
ADDRESS

PROM

ADDRESS
80286 —® (BIOS)

DRAM ]

DATA

FE 3010B

PERIPHERAL
CONTROL

INTERRUPTS & DMA

80287

RAM DATA

FE 3031

DATA BUFFERS

E DATA
[ I

KEYBOARD REAL TIME
MOUSE crock

—» AT DATA BUS

FIGURE 1-1. FE3600B CHIP SET FUNCTIONAL BLOCK DIAGRAM
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INTRODUCTION
DATA (0:7)
D (0:7)
EDATA (0:7)
D (8:15) DATA (8:15)
'MDATA (0:7)
PARITY OUTPUTS
PARITY
INPUTS PARITY ERROR
MDATA ( 8:15)
MEMR
MEMW
YMEMW

FIGURE 1-2. FE3031 FUNCTIONAL BLOCK DIAGRAM
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INTRODUCTION

ACK
SELDATA
INTA
ABHE
BUFDIS
DLE

ONBRD16
MASTER
LOWMEG

YMEMR
YMEMW

PLO
PHI

Vpp =

Vss =

DATA15
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DATA12
DATA11
DATA10
DATA9
DATA8
DATA7
DATA6
DATAS
DATA4
DATA3
DATA2
DATA1
DATAO
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MDATA12
MDATA11
MDATA10

FIGURE 1-3. FE3031 PIN ASSIGNMENTS & LOCATIONS
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FE3031 _ _ SIGNAL DESCRIPTIONS

2.0 SIGNAL DESCRIPTIONS

PIN# SIGNAL TYPE DESCRIPTION
1-4 D(0:15) 1/O 80286 Local Data Bus
6-9
11-14
16-19
5,15 Vss Ground
26,36
60,65
74,83
94
10,21 VDD +5V VpD
31,41
70,78
89,99
20 POLO O Low byte parity bit to the DRAMs
22-25 DATA (0:15) 1/0 PC/AT Data Bus
27-30
32-35
37-40
42 DTR I Data direction for DATA buffers
43 DENO I Low byte data enable to
, DATA buffers
44 DENI1 I High byte data enable to
DATA buffers
45 ADRO I Address bit 0 for MDATA
buffers and byte swap
46 SCYCLE I Latch low byte during
byte swap read
47 SDEN 1 Byte swap data buffer enable
48 SDTR I Byte swap data direction
' to swap buffer
49 ACK 1 DMA Acknowledge signal
to the PC/AT bus
50 SELDATA 1 EDATA bus enable
51 INTA 1 Interrupt acknowledge
52 ABHE 1 High byte enable for MDATA bus
53 BUFDIS I Disable Buffers when low
54 DLE 1 Latch MDATA bus during a read
55 PLO I Low byte parity bit from DRAMs
56 PHI I High byte parity bit from DRAMs
57 ONBRD16 1 ONBRD indicates a local

TABLE 2-1. FE3031 SIGNAL DESCRIPTIONS
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ABSOLUTE MAXIMUM RATINGS

FE3031

PIN SIGNAL TYPE DESCRIPTION
58 LOWMEG 1 ‘LOWMERG indicates access
of low MB of memory
59 MASTER I Master on PC bus has control
of the bus
61-64 EDATA (0:7) 1I/O0 Peripheral Data Bus for FE3001,
66-69 FE3010B, RTC
and Keyboard controller
71 SMEMR (0] Low 1 MB Memory Read to PC bus
72 SMEMW (0] Low 1 MB Memory Write to PC bus
73 MEMR 1/0 Memory read to/from AT bus
75 MEMW 1/0 Memory read to/from AT bus
76 YMEMR I/O Memory read to/from FE3001
77 YMEMW 1/0 Memory write to/from FE3001
79 PERROR 0] RAM parity error
80-82 MDATA (0:15) I/O Memory Data bus
84-88
90-93
95-98
100 POHI (0] High byte parity bit to the DRAMs

TABLE 2-1. FE3031 SIGNAL DESCRIPTIONS, Continued

3.0 ABSOLUTE MAXIMUM RATINGS

Ambient Temperature (operating) = 0°to+70°C

Storage Temperature = -40° to +125°C

Voltage on any pin to ground = +7V

Power Dissipation = 400 mW

4.0 DC CHARACTERISTICS
SYMBOL PARAMETER MIN | MAX UNIT | TEST CONDITION
VIL Input LOW Voltage 0.8 \Y
ViH Input HIGH Voltage 2.0 \
IoL LOW V Output Current 4 mA VoL=04V
IoH HIGH V Output Current’ -4 mA Vou=24V
ToL LOW V Output Current” 6.4 mA | VoL=04V
IoH HIGH V Output Current” -6.4 mA VoH=24V
VDD Supply Voltage 4.75 5.25 A%
FIGURE 4-1. DC CHARACTERISTICS
Notes:

1. Output currents are for D(0:15), EDATA(0:7),

YMEMR, YMEMW, PERROR

2. Output currents are for DATA(0:15), MDATA(0:15),

MEMR, MEMW, SMEMR, SMEMW,

POLO, PHI

6-5

% ADVANCE INFORMATION 11/14/90



FE3031 AC CHARACTERISTICS
5.0 AC CHARACTERISTICS
SIGNAL PATH PROP DLY (MAX); UNIT NOTES
D(0:7) from DATA (0:7) 22 ns
MDATA (0:7) 20 ns
ADRO 30 ns
BUFDIS 30 ns
ONBRD16 30 ns 1
YMEMR 30 ns
DENO 30 ns
DATA (8:15) 40 ns
EDATA (0:7) 40 ns
D(8:15)from  DATA (8:15) 22 ns
MDATA (8:15) 20 ns
ABHE 30 ns
BUFDIS 30 ns
ONBRD16 30 ns 1
YMEMR 30 ns
DEN1 30 ns
DATA (0:7) 40 ns
EDATA (0:7) 40 ns
DATA (0:7) from D(0:7) 22 ns
D(8:15) 40 ns
DATA(8:15) 22 ns
EDATA(0:7) 22 ns 1,2
SDEN 30 ns
DENO 30 ns
INTA 30 ns
SELDATA 30 ns
DATA (8:15) from D (8:15) 22 ns
DATA (0:7) 22 ns 1,2
DENI1 ’ 30 ns
EDATA (0:7) from DATA(0:7) 36 ns
: D(0:7) 36 ns
D (8:15) 36 ns 1
INTA 40 ns
SELDATA 40 ns
YMEMW from MEMW 33 ns 1
MASTER 40 ns
YMEMR from MEMR 33 ns 1
MASTER 40 ns

Notes:

TABLE 5-1. AC CHARACTERISTICS

2. Add 8 ns for 200pf load.

1. Prop delays are for 75pf load.

ADVANCE INFORMATION 11/14/90



AC CHARACTERISTICS FE3031
SIGNAL PATH PROP DLY (MAX) ; UNIT | NOTES
MEMW from YMEMW 20 ns
MASTER 30 ns 1
ONBRD16 30 ns
MEMR from YMEMW 20 ns
MASTER 30 ns 1
ONBRDI16 30 ns
SMEMW from YMEMW 20 ns
MASTER 30 ns 1
ONBRD16 30 ns
SMEMR from YMEMW 20 ns
MASTER 30 ns 1
ONBRDI16 30 ns
PERROR from MDATA(0:15) 40 ns
PLO 40 ns
PHI 40 ns 1
ADRO 40 ns
ABHE 40 ns
POLO from D(0:7) 35 ns 1
POHI from D(8:15) 35 ns 1
MDATA (0:7) from D (0:7) 18 ns
ADRO 30 ns
ONBRDI16 30 ns 1
YMEMR 30 ns
DLE 30 ns
MDATA (8:15) from D (8:15) 18 ns
ABHE 30 ns
ONBRD16 30 ns 1
YMEMR 30 ns
DLE 30 ns

TABLE 5-1. AC CHARACTERISTICS, Continued

Notes: 1. Prop delays are for 75pf load.

2. Add 8 ns for 200pf load.

-7, 7 ADVANCE INFORMATION 11/14/90
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FE3031 _ N AC CHARACTERISTICS

PIN NO. 1 (REF)

.045 X 45 DEG.
PIN NO. 1 IDENTIFIER

—
5 <
B S
B Q
PIN NO. 25 (REF) - 5|1 g
5| @
I o
| 1.344 1 0.005 RAD. TYP
Iy 1.390 {  AROUND ALL CORNERS
015
2 DETAIL A
DETAIL A e
<
>
w Y
g .
hj &
< l / 035 R 58
S O
g | %
| N
— Yol
— A
‘ 86 DEG. - 89 DEG. . i
Z . "é
2 T T E
I o
S 035 ok =z S
3 o8 |
3 528 :
(7]
ol ] }F 184
0 << - .090
NOTE: 070 — —
ALL DIMENSIONS
ARE IN MILLIMETERS
FIGURE 5-1. 100-PIN PLCC PACKAGING DIAGRAM
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PC/AT DATA BUS CYCLES

FE3031

6.0 PC/AT DATA BUS CYCLES

This description of the data bus cycles of the
FE3600B PC AT expansion bus includes CPU,
DMA, and MASTER cycles. The data portion of
the PC AT expansion bus is a 16-bit wide bus
divided into two bytes. In general, the low byte
(DATAJ0:7]) is accessed during cycles in which
the address is even. The high byte (DATA[8:15])
is accessed when the address is odd. During 16-
bit operations, both low and high bytes are ac-
cessed. There are several combinations of byte
wide, word wide, even and odd addressing. Each
of these combinations present a unique pattern of
bus buffer enables and directions. These data
buffer control states are described in this docu-
ment.

NOTES:

*  Eight bit devices on the PC AT bus are al-
ways on the low byte (DATA[0:7]) of the ex-
pansion bus regardless of

address. Sixteen bit devices use ADRO and
EBHE to distinguish between high and low
byte transfers.

In previous designs, the data buffers on the
PC AT were inactive during DMA. This was
due to the on-board DRAM being on the sys-
tem bus. Now that the DRAM is on the 286
local bus the data buffers must be enabled
and directed during DMA operations.

A block diagram of the data bus hardware on
the PC AT board is shown in Figure 5-1. It
represents the equivalent 74LSXXX circuitry
for the data buffers contained on the board.
Signals used in this document are discussed
in Table 6-1.

7

80286 646
DATA ( 0:7
D ( 0:7 ) A < > ( )
SCYCLE | CBA cAB |Low
DTR | DIR
245
ADRO- | SBA SAB |Low
EN
pENG SDEN | EN
SDTR | DIR
B <>A
D (8:15) 245
DENT | EN
DTR | DIR
. e DATA ( 8:15)
FIGURE 6-1. PC/AT DATA BUS ARCHITECTURE
ADVANCE INFORMATION 11/14/90 6-9




FE3031 PC/AT DATA BUS CYCLES
646
EN DENO DIR DTR CBA SCYCLE SBA ADRO OPERATION
X X A X LATCH B DATA
0 0 X 0 A <--—--B (REAL TIME)
0 0 X 1 A <--—--B (LATCHED DATA) |
0 1 X X A - >B (REAL TIME)
1 X X X BUFFERS DISABLED
245
DIR OPERATION
0 YN —— B
1 A s > B
COMMAND SIGNALS DEFINITIONS
S0, S1 BUS CYCLE STATUS FROM 286
MEMR SYSTEM MEMORY READ
MEMW SYSTEM MEMORY WRITE
IOR SYSTEM I/O READ
oW SYSTEM I/O WRITE
NPCS NUMERIC PROCESSOR CHIP SELECT
A0 ADDRESS BIT 0 FROM 286
BHE BUS HIGH ENABLE FROM 286
HLDA HOLD ACKNOWLEDGE FROM 286
HLDA1 DMA HOLD ACKNOWLEDGE FROM
DMA CONTROLLER
PROMSL BIOS DECODE FROM MEMORY/IO DECODER
ONBRD ON BOARD DRAM OR I/0 DECODE
[OCS16 16-BIT 1/O DEVICE DECODE FROM
EXPANSION BUS
MEMCS16 16-BIT MEMORY DEVICE DECODE FROM
EXPANSION BUS
MASTER BUS CONTROL SIGNAL FROM BUS MASTER
CONTROL SIGNALS DEFINITIONS
DTR DATA TRANSMIT/RECEIVE
DENO LOW BYTE DATA ENABLE
DENT HIGH BYTE DATA ENABLE
SDEN BYTE SWAP BUFFER ENABLE
SCYCLE LOW BYTE DATA LATCH
SDTR BYTE SWAP BUFFER TRANSMIT/RECEIVE
TABLE 6-1. SIGNAL DEFINITIONS
6-10 ADVANCE INFORMATION 11/14/90



CPUCYCLES

FE3031

7.0 CPUCYCLES

The following cycles represent data cycles under
CPU control for all devices excluding the on board
DRAM and the 80287 Math Coprocessor. Since
the 80287 and on-board DRAM are on the local
bus, the data bus drivers for the expansion bus
will be disabled. This is accomplished by setting
DENO, DEN1_and SDEN = 1 when ONBRD +
/MNIO = 0 or NPCS = 0. Note that on-board 1/O is
indicated by ONBRD + MNIO = 0. On-board /O
devices are on the system bus.

The following cycles are described in this section.

7.1 16-bit transfer, read from 16-bit device
7.2 16-bit transfer, write to 16-bit device
7.3 16-bit transfer, read from 8-bit device

7.4 16-bit transfer, write to 8-bit device

For all CPU cycles HLDA=0 and INTA- =1. In the
following tables, CS16 indicates that there is a
16-bit device on the expansion bus. The boolean
equation for CS16 is:

CS16 = PROMCS * (IOCS16 + MNIO) *
(MEMCS16 + /MNIO)

7.5 8-bit sfer, low byte read from 8 or 16-bit device
7.6 8-bit transfer, low byte write to 8 or 16-bit device
7.7 8-bit transfer, high byte read from 8-bit device

7.8 8-bit transfer, high byte write to 8-bit device

7.9 8-bit transfer, high byte read from 16-bit device

7.1 16-BIT READ FROM 16-BIT DEVICE

8-bit transfer, high byte write to 16-bit device

INPUT
SIGNALS STATE
S1 0
S0 1
5 DRAM 646 A0 0
BHE 0
D(0:7) A < B DATA (0:7) m 0
245
B A CONTROL
SIGNALS STATE
D (8:15) 245 — -
A < B DATA (8:15) DENO
DEN1 0
SDEN 1
SCYCLE X
SDTR X
ADRO 0
ADVANCE INFORMATION 11/14/90 6-11
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FE3031

CPU CYCLES

7.2 16-BIT WRITE TO 16-BIT DEVICE

80286

646

D(0:7)

D (8:15)

DATA (0:7)

245

245

DATA (8:15)

INPUT
SIGNALS

STATE

ojojo|Oo

CONTROL
SIGNALS

STATE

7.3 16-BIT READ FROM 8-BIT DEVICE

OIX|IX|I—=|O|0O

«FIRST CYCLE
80286

D(07)

D(8:15)

- LATCH LOW BYTE
646

DATA (0:7)

INPUT
SIGNALS

STATE

245

245

DATA (8:15)

a|lolo|=

CONTROL
SIGNALS

STATE

> =X X

o X

6-12
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CPUCYCLES FE3031

*  Second cycle - Enable latched low byte to
286 low byte and enable bus low byte to 286

high byte.
INPUT
SIGNALS STATE
S1 0
S0 1
80286 646 AO 0
BHE 0
D(0:7) A< B DATA ( 0:7 —CS16 1
245
B <« A CONTROL
‘ SIGNALS STATE
D(8:15) 245 DTR 0
A < B DATA ( 8:15) DENO 0
DEN1 0
SDEN 0
SCYCLE X*
SDTR 1
ADRO 1

* SCYCLE must not change from low to high
during the cycle.

7.4 16-BIT WRITE TO 8-BIT DEVICE

INPUT

SIGNALS STATE
S1 1
S0 0
A0 0
BHE 0
CS16 1

J FIRST CYCLE

- 8-bit, low byte write to 8-bit device or 16-bit device
- ADRQ is driven low during this cycle
- EBHE is driven high during this cycle

O SECOND CYCLE

- 8-bit, high byte write to 8-bit device
- ADRQ is driven high during this cycle
- EBHE is driven low during this cycle

% ADVANCE INFORMATION 11/14/90 6-13



FE3031

CPUCYCLES

7.5 8-BIT, LOW BYTE READ FROM 8-BIT
OR 16-BIT DEVICE

80286 646

0(07) A< 8 DATA (0:7)

245

D(8:15) 245

DATA (8:15)

INPUT
SIGNALS

STATE

X|=|o|=

CONTROL
SIGNALS

STATE

7.6 8-BIT, LOW BYTE WRITE TO 8-BIT
OR 16-BIT DEVICE

80286 646

D(07) A> B DATA (0:7) .

245

D(8:15) 245

DATA (8:15)

INPUT
SIGNALS

STATE

vy)
m

X| e

CONTROL
SIGNALS

STATE

DTR

DENT

SDEN

SCYCLE

SDTR

ADRO

6-14 ADVANCE INFORMATION 11/14/90
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CPUCYCLES

FE3031

7.7 8-BIT, HIGH BYTE READ FROM 8-BIT DEVICE

INPUT
SIGNALS

STATE

80286 646 AOQ

D(07) A. B DATA (0:7) C_S‘ﬁ

—_ O -] =

245

CONTROL
SIGNALS

STATE

D(8:15) 245

DATA (8:15) DENO

_L_ono—k

7.8 8-BIT, HIGH BYTE WRITE TO 8-BIT DEVICE

INPUT
SIGNALS

STATE

S1

S0

80286 646 A0

E

@®

D (07) A - B DATA(0:7) 816

O

- O|—=|O

245

. CONTROL
SIGNALS

STATE

D (8:15) 245

DTR

DATA (8:15) DENO

DEN1

SDEN

SCYCLE

SDTR

ADRO

- OIX|O|O|—

) 7 ADVANCE INFORMATION 11/14/90




FE3031 , CPUCYCLES

7.9 8-BIT, HIGH BYTE READ FROM 16-BIT DEVICE

INPUT
SIGNALS STATE

80286 646 Ao

D(07) A - B DATA (0:7) CS16

245

B - A CONTROL
SIGNALS STATE

DTR

DATA (8:15) DENO
DENT
SDEN
SCYCLE
SDTR
ADRO

D (8:15) 245

7.10 8-BIT, HIGH BYTE WRITE TO 16-BIT DEVICE

INPUT
SIGNALS STATE

80286 646 AO

o
m
o|jOo|=|O

D(0:7) A . B DATA (0:7) —_—

245

B - A CONTROL
SIGNALS STATE

DTR 1

D (8:15) 245

DATA (8:15)

DENO
DEN1
SDEN

SCYCLE
SDTR
ADRO

= x| x|=|o]=

6-16 ADVANCE INFORMATION 11/14/90 %
s



DMA CYCLES

FE3031

8.0 DMACYCLES

The following cycles represent data cycles under 8.4 8-bit DMA to odd memory address from

DMA control for_all devices. DMA may be for on

8-bit I/0 device.

board DRAM (ONBRD =0) or_system memory 8.5 16-bit DMA from memory to 16-bit I/O.

(ONBRD =1). Note that ONBRD decode for on- hi i
board /0 will be disabled during DMA. 86  16-bit DMAto memory from 16-bit 0.

The following DMA cycles are described in this

section.

Q

U For system memory (ONBRD = 1)

8.7 8-bit DMA from 16-bit memory, odd

For on board DRAM (ONBRD = 0)

address to 8-bit I/O device.
8.8 8-bit DMA to 16-bit memory, odd address

from 8-bit /O device.

8.1 8-bit DMA from even memory address to
8.0 gg:} g%g%':én memory address from Q For all other DMA cycles the data buffers are
8-bit /0 device. disabled.
8.3 8-bit DMA from odd memory address to
B-bit 1O device. i 89  Allother DMA cycles.
For all DMA cycles HLDA=1, HLDA1=1 and
MASTER =1.
8.1 8-BIT DMA TRANSFER FROM EVEN
MEMORY ADDRESS TO 8-BIT
1/0 DEVICE
INPUT
SIGNALS STATE
DMAMR 0
MEMW 1
DRAM 646 1OR 1
IoOW 0
D(07) As> B DATA(07) ADRO 0
EBHE 1
245
B A
CONTROL
D (8:15) 245 SIGNALS STATE
A B8 DATA (8:15) DTR 1
DENO 0
DEN1 1
SDEN 1
SCYCLE X
SDTR X

-/ 2 ADVANCE INFORMATION 11/14/90
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FE3031

DMA CYCLES

8.2 8-BIT DMA TRANSFER TO EVEN MEMORY
ADDRESS FROM 8-BIT I/0 DEVICE

DRAM

D(07)

D(8:15)

646

<

DATA (0:7)

INPUT
SIGNALS

STATE

1

245

245

DATA (8:15)

—“lOo|=|O|O

CONTROL
SIGNALS

STATE

O

TR

DENO

DENT1

SDEN

SCYCLE

8.3 8-BIT DMA TRANSFER FROM ODD
MEMORY ADDRESS TO 8-BIT I/O DEVICE

SDTR

xx_&_&

DRAM

D(0:7)

D(8:15)

646

DATA (0:7)

INPUT
SIGNALS

STATE

245

245

DATA (8:15)

O|=|O|=|=O

CONTROL
SIGNALS

STATE

w)

TR

DENO

DENT1

SDEN

SCYCLE

SDTR

o|lx|olo|=

6-18
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DMA CYCLES FE3031

8.4 8-BIT DMA TRANSFER TO ODD MEMORY
ADDRESS FROM 8-BIT I/0O DEVICE

INPUT
SIGNALS STATE
DMAMR 1
MEMW 0
DRAM 646 OR 0
IOW 1
D(0:7) A . B DATA (07) ADRO 1
245 EBHE 0
B o< A
CONTROL
D(8:15) 245 SIGNALS STATE
. A -8 DATA (8:15) 91 0
' DENO 1
DEN1 0
SDEN 0
SCYCLE X
SDTR 1
8.5 16-BIT DMA TRANSFER FROM
MEMORY TO 16-BIT I/O0 DEVICE
INPUT
SIGNALS STATE
DMAMR 0
MEMW 1
DRAM 646 IOR 1
IOW 0
D(07) A> B DATA(07) ADRO 0
245 EBHE 0
B - A
CONTROL
D (8:15) 245 SIGNALS STATE
A s B DATA (8:15) _E_’_E 1
DENO 0
DENT 0
SDEN 1
SCYCLE X
SDTR X

:(é ADVANCE INFORMATION 11/14/90 6-19



FE3031

DMA CYCLES

8.6 16-BIT DMA TRANSFER TO MEMORY

FROM 16-BIT I/O DEVICE

DRAM

646

D(07)

D (8:15)

<

DATA (0:7)

INPUT
SIGNALS

STATE

1

245

245

<

DATA (8:15)

o|jo|=+|O|O

CONTROL
SIGNALS

STATE

DTR

DENO

DENT1

SDEN

SCYCLE

SDTR

X|X|=+|©o o

8.7 8-BIT DMA FROM 16-BIT MEMORY,
ODD ADDRESS TO 8-BIT I/0 DEVICE.

DRAM

646

D(07)

D (8:15)

DATA (0:7)

INPUT
SIGNALS

STATE

0

245

245

DATA (8:15)

Ol = | O = | =

MEMCS16 *
PROMSL

CONTROL
SIGNALS

STATE

DTR

DENO

DEN1

SDEN

SCYCLE

SDTR

o|X|o|=|=|X

6-20
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DMA CYCLES FE3031

8.8 8-BIT DMA TO 16-BIT MEMORY, ODD
ADDRESS FROM 8-BIT I/0 DEVICE

SIGNALS STATE

DRAM 646

D(07) A - B

o)
=
o|=|=|O|O

DATA (0:7) ADRO

2 MEMCS16 *
PROMSL 0

D (8:15) 245 CONTROL
SIGNALS STATE

TR
DENO
DENT
SDEN
SCYCLE
SDTR

DATA ( 8:15)

>
A
@
O

8.9 ALL OTHER DMA CYCLES
(DATA BUFFERS DISABLED)

INPUT
SIGNALS STATE

MAMR
MEMW
DRAM 646 OR
oW
D(07) A- B DATA (0:7) ADFD

BHE 0

[w)

m|

245

CONTROL
D(8:15) 245 SIGNALS STATE

DATA ( 8:15)

»
Q
<
o)
-
m
RIS

?é ADVANCE INFORMATION 11/14/90 6-21



FE3031

9.0 BUS MASTER CYCLES

The following cycles represent data cycles under
the control of a bus master other than the 80286
or DMA controller. This condition is indicated by
hold acknowledge active (HLDA=1) and bus
master asserted (MASTER = 0). It is assumed
that the bus master is always a 16-bit device. On-
board DRAM and on-board 1/O are distinguished
by the memory or I/O read/write commands.

9.1 8-BIT LOW BYTE READ FROM

BUS MASTER CYCLES
Q For on-board DRAM
9.1 8-bit transfer low byte read from memory
9.2 8-bit transfer low byte write to memory

9.3 8-bit transfer high byte read from memory
94 8-bit transfer high byte write to memory
95 16-bit transfer read from memory

9.6 16-bit transfer write to memory

Q For system memory and I/O

9.7 8-bit transfer high byte read from 8-bit
system memory or /O

9.8 8-bit transfer high byte write to 8-bit
system memory or /O

MEMORY
INPUT
SIGNALS STATE
MEMR 0
MEMW 1
DRAM s ADRO 0
EBHE 1
D(07) A > B DATA(0:7) ——CS‘lG 1
245
B - A
CONTROL
D (8:15) 245 SIGNALS STATE
A - B DATA (8:15) DTR 1
DENO
DEN1 1
SDEN 1
SCYCLE X
SDTR X

6-22
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BUS MASTER CYCLES FE3031

9.2 8-BIT LOW BYTE WRITE TO MEMORY

INPUT
SIGNALS STATE

MEMR 1
MEMW
DRAM 646 ADRO

EBHE

D(07) A< B DATA (07) Csie

- - OO

245

CONTROL
D (8:15) 245 SIGNALS STATE

DTR 0
DENO
DENT
SDEN
SCYCLE
SDTR

DATA (8:15)

><><_L_Lo

9.3 8-BIT HIGH BYTE READ FROM MEMORY

INPUT
SIGNALS STATE

MEMR 0
MEMW
DRAM 646 ADRO

EBHE

D(07) A . B DATA (07) CS16

- O ==

245

CONTROL
D(815) 248 SIGNALS STATE
DATA (8:15) DTR 1
DENO
DENT
SDEN
SCYCLE
SDTR

><><_|.o_.|.

-, 7 ADVANCE INFORMATION 11/14/90 6-23



FE3031 BUS MASTER CYCLES

9.4 8-BIT HIGH BYTE WRITE TO MEMORY

INPUT
SIGNALS STATE
MEMR 1
MEMW 0
DRAM 646 ADRO 1
EBHE 0
b(07) A . B DATA (07) CsSi16 1
245
B - A
CONTROL
D(819) = SIGNALS STATE
A< B DATA (8:15) DTR 0
DENO
DEN1 0
SDEN 1
SCYCLE X
SDTR X
9.5 16-BIT READ FROM MEMORY
INPUT
SIGNALS STATE
MEMR 0
MEMW 1
ADRO 0
DRAM 646 S
EBHE 0
b(07) As B DATA (0:7) CS16 1
245
B - A
D (8:15) 245 CONTROL
SIGNALS STATE
A B DATA (8:15) DTR 1
DENO
DEN1 0
SDEN 1
SCYCLE X
SDTR X

6-24 ADVANCE INFORMATION 11/14/90 %



BUS MASTER CYCLES FE3031

9.6 16-BIT WRITE TO MEMORY

INPUT
SIGNALS STATE
MEMR 1
MEMW 0
DRAM 646 ADRO 0
EBHE 0
D(07) A< 8 DATA (07) CoTe ;
245
B - A CONTROL
SIGNALS STATE
D(8:15) 45
DTR 0
A<oB DATA (8:15) DENO 0
DENO 0
DEN1 0
SDEN 1
SCYCLE X
SDTR X
9.7 8-BIT HIGH BYTE READ FROM 8-BIT
DEVICE
INPUT
SIGNALS STATE
MEMR * IOR 0
MEMW * IOW 1
DRAM 46 ADRO ”
EBHE 0
D(07) A- B DATA (07 coTe ;
245
B < A
CONTROL
e 20 SIGNALS STATE
A s DATA (8:15) . DTR X
DENO 1
DEN1 1
SDEN 0
SCYCLE X
SDTR 1

:fé ADVANCE INFORMATION 11/14/90 6-25



FE3031 BUS MASTER CYCLES
9.8 8-BIT HIGH BYTE WRITE TO 8-BIT DEVICE
INPUT
SIGNALS STATE
MEMR * IOR 1
MEMW * |OW 0
DRAM 646 ADRO 1
EBHE 0
D(07) DATA (0:7) m 1
245
> A
. CONTROL
D(815) 245 SIGNALS STATE
DATA ( 8:15) DTR X
DENO 1
DEN1 1
SDEN 0
SCYCLE X
SDTR 0

6-26
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