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Preface Il

Preface

The 82C233 is a VLSI device that incorporates most of the motherboard logic
required to build a low-cost, highly-integrated, IBM PC AT-compatible
computer, It is designed to be used in conjunction with other Chips and
Technologies controllers such as the 82C45X VGA Centroller, the 82C601

" Multifimction Controlier, the 82C765 Floppy Disk Controller, and the 82C710

Integrated Floppy Disk and Multifunction Controller. When used with these
devices, the 82C235 acts as the heart of a highly integrated system that
significantly reduces motherboard size, component count, and the need for
many I/O channei slots, This manual covers the 82C235 only. Consult the
following list of related documentation for information regarding other Chips
and Technologies devices.

Related Documentation
The foliowing related documentation is also available:

The 82C45X VGA Controller Data Sheet

The 82C601 Multifunction Controller Data Sheet

The 82C765 Floppy Disk Controller Data Sheet

The 82C710 Integrated Floppy Disk and Multifunction Controller Data
Sheet

The Development Kit Package for each chip which includes:

* The Development Kit User's Guide
*  The Development Kit System Board
*  The Development Kit Schematics

If you wonld like to review any of the above noted documentation, contact the
Chips and Technologies Sales Office near you.

What You Need to Know

‘This manua!l is written with the assumption that you have a basic comprehension
of computer concepis, operations, and terminology, Understanding of system
organization and operation as well as memory functioning is essential. Finally,
famifiarity with the Industry Standard Architecture (ISA) is highly
recommended. ’

The scope of the information presented in this manual is imited to this CHIPSet
and does not inclnde operation of external components. It is assumed you have
a working knowledge of these components. With such knowledge, combined
with the information presented here, you can utilize this CHIPSet to enhance the
performance and excellence of the final product.
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Manual Organization
Here’s what you'll find in this manual;

Section I: Introduction identifies the features of the 82C235.
Section 2: Bus Control explains the Bus control functionality of the 82C235.

Section 3: DMA Controller explains the DMA controller as well as the
registers used diring DMA functions.

Section 4: The Interrupt Controller explains the two programmable
interrupt controllers incorporated in the 820235,

Section 5: Programmable Interval Timer describes the Programmable
TFimer Control in the 82C235.

Section 6: System Interface discusses the keyboard, memory, DRAM, and
other system interfaces used by the 82C235.

Section 7: Configuration Registers details the registers within the 82C235,
Section 8: Pin Description provides tables describing the details of each pin.

Section 9: System Characteristics reports the range of absolute maximum
ratings, operating conditions, capacitive characteristics, and the DC and AC
characteristics.

Section 10: Timing Diagrams details the timings of the 82C235 signals.
Section 11: Physical Dimensions provides the dimensions of the 82C235.

Appendix A: Address Mapping provides table of the I/O address and
Memory maps..

Appendix B: 82C235 Revision A Silicon discusses the functionality of the
82C235 Revision A.

U/.S. Sales Representatives and Distributors gives a listing of the current
distributors of CHIPS products.

Manual Typography
The following typographical conventions are used throughout this manual:

*« o 8 8 8 0

REGnH identifies the internal register of index n (hexadecimal notation).
REGnH <x:y> indicates the bit field from bit x to bit y with index n.

(xxx) signifies the default value after power-On Reset (xxx are register bits).
Signal names are identified in UPPER CASE, for example, RAS3.

A dash before the signal name indicates an active low signal; -RAS3,

A hyphenated signial name specifies a set of signals. For example, -RAS0-3
indicates four signals: -RASO, -RAS1, -RAS2, and -RAS3.

The following abbreviations are used throughont this manual:

ICR = Internal Configuration Register
Kb = kilobit

KB =kilobyte

Mb = megabit

MB =megabyte

MHz = megahertz

ns = nanoseconds

pF = pico farad

PRELIMINARY - Chips and Technologies, lnc.
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Section 1
Introduction

1.1 Features

The 82C235 provides the following features:

* 80286 coatrol logic and clocks that support CPU speeds of up to 16 MHz
with zero (or one) wait-states . _ - o

* A 146818-compatible real time clock with 114 bytes of CMOS RAM

s  Two 8237-compatible DMA controllers

*  Two 8259-compatible interrupt controllers

*  An8254-compatible programmabile interval timer

*  An 82284-compatible clock generation and READY interface

*  An82288-compatible bus controller

* A DRAM controller that supports up to 8 MB of DRAM

* A memory coniroller that provides shadow RAM and support for either
8-bit or 16-bit BIOS ROM

* A DRAM refresh controller
* 3VEMS page rpmetm (! JMEMS 4 ﬁ.rnmnat'h!p'\

* Inierface logic for an 80237 numeric coprocessor

* [Interface logic for an 8042 keyboard controller

*  Fast Gate A20 and Fast CPU Reset logic

* Power managéement features

*  Compact packaging in a single 160-pin plastic flat pack (160 PFP}

Chips and Technologies, Inc. PRELIMINARY . )
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B Introduction

Figure 1-1 shows a block diagram of the 82C235.

|
Figure 1-1.  82C235 System Block Diagram
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Bus Control

Section 2

Bus Control

2.1  Clock Generation
An 82C235 clock generator produces the following signals:

[ ]
Figure 2-1.  Clock Generation
FREQUENCY SOURCE PROCCLK PROCCLK .
CPUX1 "I GENERATION >
P
p] 172
—I BUSCLK
R — _—
=Y 1/4 _-I
—
o [FC41.2 [
—) w2
DMACLK
FOR INTERNAL USE
. 1V
ICRO1,0

* PROCCLK (processor clock) — is an output clock for the 80286 processor.
PROCCLXK can be set (with internal configuration register 46H, bits 3-2)
for the following valaes: '

0 PROCCLK = CPUX1 (DMA or Refresh PROCCLK = CPUXI)
© PROCCLK =CPUX1.22
¢ PROCCLK = CPUX1M4
© PROCCLK =CPUX1/8

Chips and Technologies, Inc. PRELIMINARY . 3




i Bus Control

During a DMA ore Refiesh cycle, PROCCLK switches to PROCCLK =
CPUXI for the duration of HLDA active, it switches back to the set value
when normal operation is resumed.

PROCCLX can also be halted in order to implement power management
techniques (refer to Section 6.6 Power Management for further
information). The frequency chosen for PROCCLK must be twice the
frequency of the 80286 processor; e.g., for an 80286 with a speed of

16 MHz, PROCCLK must equat 32 MHz. PROCCLK is derived in one of
two ways:

1. From an extemal osciliator connected to CPUX]1 (in which case CPUX2
is left unconnected), or

2. From an externial crystal connected across CPUX1 and CPUX2.

¢ BUSCLK (bus clock) — is an output clock for the I/O channel. BUSCLK
can be set (with internal configuration register 41H, bit 2) for the following
values:
0 BUSCLK =PROCCLKS2
o0 BUSCLEK =PROCCLK/4

If PROCCLK is set to CPUX1/2, CPUX1/4, or CPUX1/8, a DMA or
Refresh cycle switches to PROCCLK = CPUX1 and the resulting BUSCLK
changes as well, .

*  OSC (oscillator) — is a 14.31818 MHz output signal used by the IfO
channel. The oscillator can be darived either from an external crystal
connected to pins OSCX1 and OSCX2, or from an external oscillator
connected to OSCX1 (OSCX2 is left unconnected).

s  DMACLK (DMA clock) — is an internal clock used by DMA controllers
to time DMA operations, DMACLK can be set (with intemnal configuration
register 01H, bit 0) to the following values:

o DMACLK =CPUX1R2
-0 DMACLK =CPUX14

Reset Strap Option

The 82C235 features a reset strap option. This option is employed to provide
strap options without having to use dedicated input pins, The 82C235 uses
-DACK lines to implement this feature. The -DACK lines are normally outputs,
but during power-on situations they are used as input signals, Later, they
convert to outputs for normal functions. A TTL device drives the signals low
for strap option sampling, while a TTL device drives the signal levels high for
the same purpose (see Figure 2-2). DACKS and DACK7 must be driven to their
respective strapping options. DACKSG is designated as reserved and should be
pulled up with a 10K resistor, Table 2-1 describes the pins that are used in the
1eset strap option.
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I
Figure 2.2.  Example of Circuit to Drive DACK Lines

O
02 % 2 Bs_. DACK

<

Py

XRST

|
V
VG‘E vci:
XRST 1 2 1 o2 é 1 2 DACK
7407
I
Table 2-1.  Reset Strap Options
Ping MNomalPin  StrapPin Comments
89 -DACKD SENSE0 Reflects at ICR 45-0
47 -DACK1 SENSE1  Reflects at ICR 45-1
. ‘ 45 DACK2 _ SENSE2 Reflects stICR 45-2
43 -DACK3 Reserved  Must be mulled 1m to Vee w/10K recictar
91 -DACKS -EXRTC Internal RTC (H) or extermal RTC (L)
93 -DACKS& Reserved  Must be pulled up to Vee w/10K resistor
95 -DACK7 _ -16BITROM 8-bit ROM (H) or 16-bit ROM (L)
The sense lines (0-2) are general purpose and can he used as per the specific
system requirements.
Chips and Tachnologies, e PRELIMINARY ' 5
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Table 2-2.

2.2 Bus Control

Table 2-2 describes the data and address buses as shown in Figure 1-1 displayed
eariler.

Bus Control

820235 Fins Bus Name Description

DI15-D0 Local Data A 16-bit bidirectional bus cormecting the 82C235,
the 80286, and the optional 80287 10 Jocal memory
or to the memory data (MD) buffers.

MD15-MDO Memory Data A 16-bit bidirectional bus connecting local DRAM
and the memory data (MD) buffers,

XD15-XDo X-Data A 16-bit bidirectional bus connecting the 82C235
ROM, XD-bus peripherals, and S-Dats (SD)
buffers.

SP15-SD0 S-Data A 16-bit bidirectional bus connecting the I/O
chanmel and the S-Data (D) buffers.

AZ3-A00 Local Address A 24-bit address bus, driven by either the 80286 or
the 82C235. ; }

SA19-5A0 S-Address A larched, local address bus connecting the I/O
chammal to the XI-bus peripherals.

UAZ23-UA17 Unlatched Address An mnlatched sddress bus connected to the I/O
e channel. This bus must be latched except during
quick mode.

MA9-MAO0  Multiplexed Address A multiplexed address bus that is driven by the
82C235 to sddress DRAM.

Bus Controller

The internal bus controller, which is functionally similar to an 82288 bus
controller, provides command generation and iming control for the
AT-compatible I/O channel. To allow the processor to run faster than the YO
channel, DMA commands, fming, and accesses to the I/O channel can be
programmed to tun slower than local bus cycles.

Local Bus Arhitration

Although the Jocal bus is normally controlled by the 80286, the 82C235’s
internal DMA controlier or refresh controller can request control by issuing a
HOLD request to the 80286. When this occurs, the 80286 relinquishes control
and issues HLDA (hold acknowledgement) 1o the 82C235,

PRELIMINARY . Chips and Technologies, ke,
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Section 3

DMA Controller

Memory refresh and DMA functions are implemented within the 82C235 as
independent bus masters. The 82C235 arbitrates these functions with intemal
logic and gains control of the local bus via the HOLD/HLDA protocol of the
80286. The 82C235 contains two DMA controllers that are compatible with the
Intel 8237. Each controller is a four-channel DMA device that can generate the
memory addresses and control signals necessary to transfer information between
a peripheral device and memory directly, This aflows high-speed information
transfer with little CPU intervention.

The two DMA controllers are internally cascaded to provide four DMA
channels for transfers to 8-bit peripherals (DMA1) and three channels for
teansfers to 16-bit peripherals (DMAZ2). DMA2 Channe! 0 provides the cascade
interconnection for the two DMA devices, thereby maintaining IBM PC
AT-compatibility. Figure 3-1 shows how the two controllers are cascaded.

Cascaded DMA Controllers

TOTHECPU

HOLD HoLp DREQ2 DREQY ﬂ
._ﬂ_L—Q_A_____ HLDA -DACK3 -DACKY .
DREQ2 | DREQSE
-DACK?2 DACKS ) TO 16-BIT PERIPHERALS
DREQ1 DREOS
-DACK1 __-DACKS
DMAz DREQO ‘
-DACKO
HoLp DREQS3 DREG3 .\
HLDA -DACK3 -DACKZ
DREG2 DREQ2
-DACK2 -DACK2 ___ % TO8-BIT PERIPHERALS
DREQ1 | DREQ1
-DACK1 DACK1 .
DREQO DREGO
oma;  “DACKO -DACKO

Chips and Technologies, nc.
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DMA channels 0-3 are used for 8-bit transfers, while channels 5-7 are nsed for
16-bit transfers. DMA operations ate allowed within the full mnge of 16 MB
memory throngh the use of DMA page registers.

The DMA clock, which controls DMA transfer rate and timing, is
programmabie. Its frequency is selectable for a raie equai io CPFUX1/2 or
CPUX1/4. (This is ander control of internal configuration register 01H, bit 0).
Wait-states during DMA operations are programmed with internal configuration
Register 01H, bits 5-2.

Refresh, which ocenrs at 15ns intervals (nominaliy), is determined by counting
down on the 1.19 MHz (OSCX1/12) clock. The refresh period is set by
programming timer channel 1 of the 8254 timer/counter. Table 2-3 shows the
nseofDMAlevelsmtheIfOchannel. The DMA requests are shown by

rith tha hischant lax n‘
puuuq, m.nu.ul5 Wikl UGS (lETo sV

[
Table 3-1. DMA on the 1O Channel
DMA Lovel System Board 1O Channal

DROO Not Used Avsilable
DRQ1 ) Not Used Available
DRQ2 Not Used Diskette Drive
DRQ3 NotUsed - Available
DRQS Not Usad Available
DRO6 Not Used Available
DRO7 Not Used Available

DMA cycle length contro! is provided internally in the 82C2335 allowing
independent control for both 8-bit and 16-bit cycles. This is done through the
programmable registers, which can extend command signals or insert wait states.

Each DMA channel has a pair of 16-bit counters and a reload register for each
counter. The 16-bit counters allow the DMA to transfer blocks as large as
65,536 words. The register associated with each counter allows the channel 0
re-initialize without reprogramming. The following dcscripﬁon of the DMA

s v s

subsystem pw:rtams o both DMAI and DMAZ uniess oiherwise noied.

3.1 DMA Operation

During normal operation of the 82C235, the DMA subsystem is in either an Idle
condition, & Program condition, or an Active condition. In the Idle condition,
the DMA controller executes cycles consisting of only one state. The Idle state,
8L, is the default condition, and the DMA remains in this condition uniess the
device has been initialized and one of the DMA requests is active; or the CPU
attempts to access one of the internal registers,

‘When a DMA request becomes active, the device enters the Active condition
and jseues a2 hold request to the gystem, Omnce in the Active condirion, the
82C235 generates the necessary memory addresses and command signals to
accomplish a memory-t0-1/O or an I/O-to-memory. Memory-to-I/O and
1/O-to-memory transfers take place in one cycle. During transfers between

8 PRELIMINARY : Chipe and Technologies, lnc.
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memory and 1/O, data is presented on the system bas by either memory or the
requesting device, and the transfer is completed in one cycle.

During transfers between memory and /O, two comsmands are activated during
the same cycle. In the case of a memory-10-1/0 transfer, the 82C235 asserts
both -MEMR and -IOW allowing data to be transferred directly to the
requesting device from memory. Note that the 82C235 neither latches data from
or drives data out on this type of cycle. The number of clock cycles required to

- transfer a word of data may be varied by programming the DMA, or optionally
extended by the peripheral device. During an Active cycle, the DMA sequences
through a series of states. Each state is one DMA clock cycle length, the
number of states in a cycle varies depending on how the device is programmed
and the type of cycle being performed. The states are labeled $0-84. They are
explained in detail in the section titled Active Condition.

Idle Condition

When no device is requesting service, the DMA is in an Idle condmon that
maintains the state machine in the SI state. During this time, the 82C235
samples the DREQ input pins every clock ¢ycle. The internal select from the
top level decoder and HLDA are also sampled at the same time to determine if
the CPU is attempting to access the internal registers ‘When either of these
sitnations occurs, the DMA exits the Idie condition. Note that the Program
condition has priority over the Active condition since a CPU cycle has already

started,

Program Condition

The Program condition is entered whenever HLDA is inactive and internal
select is aciive. During this time, address lines AQ-A3 become inputs if DMA1
is selected, or A1-A4 become inputs if DMA?2 ic selected.

R A RRTIRN TR AR AT e AR m AT meie MR A

Note ‘When DMA2 is selected, AQ is ignored.

These address inputs are used 1o select the DMA controller registers that are to
be read or written t0. Due to the large number of intemnal registers in the DMA

suhsystem, an internal flip-flop is used to supplement the addressing of the

ARSI Y altaadl TR RS Sangy St A Tt AP g e e Ty SIoW et WS e gy Aea s

count and addmss registers. This bit is used to select between the high and low
bytes of these registers. The flop-flop toggles each time a read or write occurs
10 any of the word count or address registess in the DMA. The internal fiop-flop
is clearcd by a hardware RESET or a Master Clear command and may be setor
cleared by the CPU issuing the appropriate command. .

Special commands are supported by the DMA subsystem in the Program
condition to control the device. These commands do not make use of the data
bus but are derived from a set of addresses, the internal select, and -IOW or

-IOR. These commands are Master Clear, Clear Register, Clear Mode Register
Counter, Set, and Clear Byte Pointer Flip-Flop.

Chips and Technalogies, Inc. PRELIMINARY . 8
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The 82C235 enables programming whenever HLDA has been inactive for one
DMA clock cycle. It is the responsibility of the system to ensure that
programming and HLDA are mumally exclusive. Erratic operation of the
82235 can oceur if a request for service occurs on an anmasked channel that is
being programmed. The channel should be masked or the DMA disabled to
prevent the 82C235 attempting to service a device with a channel which is
partizlly programmed.

Ar\'hun P Aanditian
UY & W WIS

The 82C235 DMA subsystem enters the Active condition whenever a sofiware
request occurs or a DMA request on an uninasked channel occurs and the device
is not in the Program condition. The 82C235 then begins a DMA transfer cycle.
In a Read cycie for exampie, afier receiving a DREQ, the 82C235 issues an
HOLD to the system. Until an HLDA is returned, the DMA remains in an Idle
condition. On the next clock cycle, the DMA exits Idle and enters state SO.
During S0, the device resolves priority and issues DACK on the highest priority

channel raguesting service, The DMA then proceads to state 81, where the

m e L .

multiplexed addresses are cutput and la:.ched. State 52 is then entcred, at which
time the 82C235 asserts -MEMR. The device then transitions into S3, whese the
-IOW command is asserted. The 82C235 remains in S3 until the wait-state
counter has decremented to zero and IOCHRDY is true. Note that at Jeast one
additional 83 occurs. Once a Ready condition is detected, the DMA enters §4,
where both commands are de-asserted. In Barst Mode and Demand Mode,
subsequent cycles begin in S2 unless the intermediate addresses require
updating. In these subsequent cycles, the lower addresses are changed in S2.
The DMA can be programmed on a channei-by-channel basis to operate in one
of four modes. The four modes are described as follows.

Single Transfer Mode

This mode directs the DMA to execute only one transfer cycie ata time. DREQ
maust be held active until DACK becomes active, If DREQ is held active
throughout the cycle, the 82C235 de-asserts HOLD and releases the bus after
the transfer is complete, After HI DA is inactive, the 82C235 again asserts
HOLD and executes another cycle on the same channel unless a request from a
higher priority channel is received. In this mode, the CPU is allowed to execute
at least one bus cycle between transfers.

o tho o ddmnon fo
ru.u.uwm,g ca.u u‘ﬁlmﬂ, ihe Woid count is decremenied and the addess is

incremented or decremented. When the word count decrements from 0000H to
FFFFH, the terminal count bit in the status register is set and a TC pulse is
generated, If the auto-initialization option is enabled, the channel re-initializes
itself. If auto-initialize is not selected, the DMA sets the DMA mqucst bit mask
and suspends transferring on the channel,

PRELIMINARY + Ghips and Technologies, Inc.
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Block Transfer Mode

When Block Transfer Mode is selected, the 82C235 begins transfers in response
1o either a DREQ or a software request. This continues until a terminal count
(FFFFH) is reached, at which time TC is pulsed and the status register terminal
count bit is set. In this mode DREQ need only be held active until -DACK is
asseried. Auto-initialization is operational in this mode also.

Demand Transfer Mode

In Demand Transfer Mode, the DMA begins transfers in response to the
assertion of DREQ and continues until either terminal count is reached or
DREQ becomes inactive. This mode is normally nsed for peripherals that have
limited buffering availability. The peripheral can initiate a transfer and continue
until its buffer capacity is exhausted. The peripheral may re-establish service by
again asserting DREQ. During idle periods between transfers, the CPU is
released to operate and can monitor the operation by reading intermediate values
from the address and word count registers. Once DREQ is de-asserted, higher
priority channels are allowed to intervene, Reaching terminal count results in
the generation of a TC pulse, the seiting of the terminal count bit in the status
register, and auto-initialization (if enabled).

Cascade Mode

This mode is used to interconnect more than one DMA controller, to extend the
number of DMA channels while preserving the priority chain. In Cascade
mode, the master DMA controlier does not generate address or control signals.
The DREQ and DACK signals of the master are used to interface the HOLD and
HLDA signals of the slave DMA devices. Once the master has received an
HLDA from the CPU in responss to a DREQ caused by the HOLD from a slave
DMA Controller, the master DMA controller ignores all inpuots except HLDA
from the CPU and DREQ on the active channel. ‘This prevents conflicts
between the DMA devices.

Figure 2-2 (shown earlier) displays the cascade interconnection between the two
levels of DMA devices. Note that Channel 0 of DMA?2 is internally connected
for Cascade mode to DMA1. Additional devices can be cascaded to the
available channels in either DMA]1 or DMA2 since cascade is not limited to two
levels for DMA controliers.

‘When programming cascaded controllers, begin with the device which is
actually generating HOLD to the system (first leve! device) and then proceed to
the second level devices. RESET causes the -DACK outputs to become active
low and are placed into an inactive state. To allow the internal cascade between
DMA1 and DMA2 to function correctly, the active low state of ~-DACKO should
not be modified. This is becanse the 82C235 has an inverter between -DACK0O
of DMA2 and HL.DA of DMAI1. The first level device’s DMA request mask bit
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3.2 DMA Transfers

Three types of transfer modes are provided in the 82C235 DMA subsystem.
These transfer types are as follows:

Read Transfer

Read transfers move data from memory to an IO device by generating the
memory address and asserting -MEMR and -IOW during the same cycle.

Write Transfer

‘Write transfers move data from an J/O device to memory by generating the
memory address and asserting -IOR and MEMW.,

Verify Transfer

The verify transfer is a pseudo-ransfer that is usefui for diagnostics. In ihis fype
of transfer, the DMA operates as if it is performing a Read or Write Transfer by
generating HOLD, addresses, and -DACK, but does so without asserting a
conmand signal. Since no transfer actually takes place, IOCHRDY is ignored

during Verify mansfer cycles,

3.3 Auto-Initialization

Each of the four DMA channe! Mode Registers contain a bit that canses the
channel io re-initialize after reaching terminal count. During this process,
referred to as Auto-Initialization, the Base Address and Base Word Count
Registers, which were originatly written by the CPU, are reloaded into the
Current Address and Current Ward Couni Regisiers {boih the bas¢ and current
registers are loaded during a CPU write cycle). The base register remains
unchanged during DMA Active cycles and can only be changed by the CPU. If
the channel is programmed to auto-initialize, the request mask bit is not set upon
reaching terminal count, This allows the DMA to continne operation without

CPU intervention.

noA MOEMA Doladlh,

o4  Uncu riofity

The 82C235 suppotts two schemes for establishing DREQ priority. The first is
fixed prioeity, which assigns priority based on channel position. In this method,
Channel 0 is assigned the highest priority, Priority assignment then progresses
in order down through the channels, with Channel 3 receiving the lowest
priority.

The second type of pricrity assignment is rotating priority (se¢ Table 2-4). In
this scheme the ordering of priority from Channel 0 to Channel 3 is maintained
but the actnal assignment of priozity changes. The channel most recently
serviced is assigned the lowest priority and, since the order of priority
assignment remains fixed, the remaining three channels rotate accordingly.
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Table 3-2,

Note

DMA Controlier

Rotating Priority Scheme

' First Arbitration . ; Priotity

Lowest

A box around a channel number indicates a requested channel.

In instances where multiple requests occur at the same time, the 82C235 issues
an HOLD but does not freeze the priority logic until HLDA is retzrned. Once
HLDA becomes active, the priority logic is frozen and DACK is asserted on the
highest requesting channel. Priority is not reevaluated until HLDA is -
deactivated.

3.5 Address Generation

The DMA Page Register is a set of 16 8-bit registers in the 82C235 that are used
to generate the high order addresses during DMA cycles. Only eight of the
regiswrs are actually used, but all 16 are included to maintain IBM PC/AT

Iter Danh TMASAA ahannmal b ot nnnmnsntod et 4 sxila #la
umukmuuuuj 2ZaCi Lvin CRANNCL Ras ul\fﬁlblﬁl AIA LA AL Wll.-ll l.l. Wil uic

exception of Channel { of DMA2, which is used for internal cascading to
DMAIL. Assignment of each of these registers is shown in Table 2-5 along with
its Read/Write address. :

During Demand and Block Transfers, the 82C235 generates multiple sequential
transfers. For most of these transfers the information in the exiemal address
latches remains the same, eliminating the need to be re-latiched. Since the need
to update the latches occurs only when a carry or borrow from the lower 8-bits
of the Address Counter exists, the 82C235 opdates the laich contents only when
necessary. ‘The 82C235 therefore executes 81 cycles only when necessary,
resuliing in an overall through-put improvement.
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I
Table 3-3.

DMA Address Extension Map
Address Registor Function
030H Unused
081H 8-bit DMA Channel 2 (-DACK?2)
082H 8-bit DMA Channel 3 (-DACK3)
083H 8-bit DMA Channel 1 {-DACK1)
034H Unused
085H Unused
086H Unused
087H 8-bit DMA Channel 0 (-DACKO)
038H Unused
08SH 16-bit DMA Charmel 2 (- DACKS)
02AH 16-bit DMA Channel 3 (-DACKT)
08BH 16-bit DMA Charmel 1 (-DACKS)
03CH Unus=d
08DH Unused
OSEH Unused
08FH Refresh Cycle
PRELIMINARY -.cﬁpnndTed'mologies.hc.
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Tablo 3-4. DMA Registers

DMA1 DMA2 -XICR -XIOW  Fiip-Fiop Registar Function

000H 0COH Read Channel ¢ Current Address Iow Byte

Read Channel 0 Current Address High Byte

Write Channel 0 Base and Current Address Low Byte
Write Charmel 0 Base and Current Address High Byte
Read Channel 0 Current Word Count Low Byte

Read Channe! 0 Current Word Comnt High Byte

Write Channe! 0 Base and Current Word Count Low Byte
Write Charme] 0 Base and Current Word Count High Byte
Read Chanmel 1 Current Address Low Byte

Kead Channel 1 Current Address High Byte

Write Charme] I Base and Current Address Low Byte
‘Write Channel 1 Base and Current Address High Byte
Read Channel 1 Current Word Count Low Byte

Read r‘hnﬂﬂnr 1 {:Irrr-nf Ward Maver LT nh Dt

MEELWALE TV WAL wAfMALL BLLERL D ¥ UG

Write Channe] 1 Base and Current Word Count Low Byte
Write Channel 1 Base and Current Word Count High Byte
Read Channel 2 Current Address Low Byte
Read Channel 2 Current Address High Byte

" Write Channel 2 Base and Current Address Low Byte
Write Channel 2 Base and Current Address High Byte
"Read Channel 2 Current Word Count Low Byte
Read Channel 2 Current Word Count High Byte
Write Charme! 2 Base and Current Word Count Low Byte
Write Chanme! 2 Base and Current Word Count High Byte
Read Channel 3 Current Address Low Byte
Read Channel 3 Current Address High Byte

yrwen, Py ey | AJIY _ ___ T . _ e
Write Channel 3 Base and Curent Address Low Byie

Write Charmel 3 Base and Current Address Hish Byte
Read Channel 3 Current Word Count Low Byte

Read Chammel 3 Current Word Count High Byts

Write Channel 3 Base and Current Word Count Low Byte
Write Channel 3 Base and Current Word Count High Byie
Read Status Register

Write Command Register

Read DMA Request Register _ S
‘Write DMA Reguest Register

Read Command Register

Write Single Bit DMA Request Mask Register

Read Mode Register

Write Mads Rasicrar

Set Byte Pointer Flip-Flop

Clear Byte Pointer Flip-Flop

Read Temporary Register

Master Clear

Clear Mode Register Counter

Clear All DMA Request Mask Register Bits

Read All DMA Request Mask Register Bits

Write All DMA Request Mask Register Bits

003H 0C6H

004H 0OCgH

005H 0CAH

006H OCCH

008H 0DOH

009H 0D2H

00AH 0D4H

MMM ML E oo~ ~o|mo~ofmeorolwomolromolmormeoloe-o

00BH 0D6H

00CH 0D8H

G0DH ODAH

00EH 0DCH

0OFH 0DEH

Q—IOHQHQHQW‘GHQO—‘QI—‘OHI—IQGHI—IQQHHIQQI—IHOOI—IMQO‘HHC)Q)—OHQQHHQQ
Ql—lcﬂghﬂcﬂlawalﬂclﬂc‘hﬂccl—ll-dﬂlbl—ll-lQClHHQQHHOQ"—IHQOD-IHQOHHQQHH

D44 [be ba b 24 (¢ 3¢
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3.6  Current Address Register

Each DMA channel has a 16-bit Current Address Register that holds the address
used during transfers. Each channel can be programmed to increment or
decrement this register whenever a transfer is completed. This register can be
read or written by the CPU in consecutive 8-bit. If Auto-Initialization is
selected, this register is reloaded from the Base Address Register upon reaching
terminal count in the Current Word Count Register. Channel 0 can be prevented
from incrementing or decrementing by seiting the Address Hold Bit in the
Command Register.

3.7 Current Word Count Register

Each channel has a Current Word Count Register that determines the number of
transfers to perform. The actual number of transfers performed is one greater
than the value programmed into the register. The register is decremented after
each transfer until it goes from zero to FFFFH. When this roll-over occurs, the
820235 generates TC, suspends operation on that channel, sets the appropriate
Request Mask Bit or Auto-Initialize, and continues.

3.8 Base Word Count Register

This register preserves the initial value of the Cumrent Word Count Register. Tt
is also a write-only register that is loaded by writing to the Corrent Word Count
Register. This register is loaded in the Carrent Word Count Register during
Auto-Tnitialization.

3.9 Command Register

This register controls the overall operation of a DMA subsystem., The register
can be read or written to by the CPU and is cleared by either a system RESET or

M . R

1 P |
1S LACAD CUILIHAA.
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Figure 3-2.  Command Register

7 6 5 4 3 2 1 0

[oak Jora [Ew The [ o [co [ad | o |

l 0 Channet O addrass hold disable
1 Channel 0 addrass hold enable

X Nbit0=0

0 Controller ansbio

1 Controler disable

0 Fixed priotiy

1 Rotating priority

0 Latewris selaction
1 Extanded writs selaction
X Kbtd=s

0 DREQ sengo active high
1 DREQ sensa active low

0 DACK sense activa low
1 DACK gonsa activa high

AH:  Writing a one 10 bit 1 enables the address hold feature in Channel 0
when performing memory-to-memory transfers.

CD: Bit 2 is the master disable for the DMA controller. Writing a one to
this focation disables the DMA subsystem (DMAL1 or DMA2). This
function is normally used whenever the CPU needs to reprogram one
of the channels to prevent DMA cycles from occurring,

RP: Writing a one o bit 4 causes the 82C235 to utilize a rotating priority
scheme for honoring DMA requests. The default condition is fixed
priority,

EW: Extended Write is enabled by writing a one to bit 5, causing the write
commands to be asserted one DMA cycle earlier during a transfer,
The read and write commands both begin in state $2 when enabled.

DRQ:  DREQ active level is determined by bit 6. Writing a one in this bit
position causes DREQ to become active low.

DAK:  DACK active level is determined by bit 7. Programming a one in this
bit position makes DACK an active high signal.

3.10 Mode Register

Each DMA channel has a Mode Register associated with it. All four Mode
Registers reside at the same 1/O address. Bits 0 and 1 of the Write Mode
Register command determine which Mode Register is written to the channel.
The remaining six bits control the mode of the selected channel, Each channel’s
Mode Register can be read by sequentially reading the Mode Register location.

Chips and Technologies, lac. PRELIMINARY ' 17
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A Clear Mode Register Counter command is provided to atlow the CPU to

restart the mode read process at a known point. During mode read operation,
bits 0 and 1 are one.

Figure 3-3.  Mode Register

7 8 5 4 3 2 1 o

[ [wo [oEc | A [T | 710 fost |cso |

00 Channel 0 solact
01 Channal 1 salac!
10 Channael 2 salact
11 Channal 3 salact

00 Vadfy transfer
01 Write transfar
10 Raad iransfer
11 liegal

XX lfbits6and 7=11

0 Autolnitizlization disable
1 Autoiniiafization enable

O Address incremant select
1 Address dacrement saloct

00 Damand mode solect
01 Singls mode seledt
10 Block mode salact
11 Cascade mode select

CS<0:1>: Channel Select bits 0 and 1 determine which channel’s Mode Register
' is written to. Read back of a mode register results in bits 0 and 1 both

being ones.

TT: Bits 2 and 3 control the type of transfer that is to be performed.

Al The Auto-Initialization function is enabled by writing a one in bit 4 of
the Mode Register.

DEC:  Determines direction of the address counter. A onein bits
decremeats the address afier each transfer.

- A MO: Mode selection for each channel is accomplished by bits 6 and 7.

3.11 Request Register

‘I'hisisafourbitregismrusedtogeneratesoﬁwarcmquess(DMAsavicecan
be requested either externally or under software control). Request Register bits
can be set or reset independently by the CPU. The Request Mask has no effect
on software generated requests. All four bits are read in one operation and

appear in the lower four bits of the byte. Bits 4 through 7 are read as ones, All
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four request bits are cleared to zero by a system RESET. The format for
Request Register Write Operations is shown as follows:

Figure 34.  Request Register - Write Operations

7 & 5 4 a 2 1 0

I x { x| x{x | x [r |rst [Reo |

00 Seled channel 0
01 Select channel 1
10 Solect channel 2
11 Select channel 3

O Reset request bit
1 Set request bit

Resarved

RS<:1>: Channel Select 0 and 1 determine which channel’s Mode Register is
written to. Read back for the mode register results in bits zero and one
both being ones.

RB: " " The request bit is set by writing a one to bit 2. RS<0:1> select which
bit {channel) is to be manipulated.

The format for Request Register Read Operations is shown as follows.

Figure 3-5.  Request Regisier - Read Operations

- 7 6 5 4 3 2 i o

Lx [ x [x |x {rcs [ree [met [Reo |

| I— 1 Channel 0 request

1 Channe! 1 request
I 1 Chamne! 2 request
1 Channel 3 request

Reserved

RC<0:3>: During a Request Register read, the state of the request bit associated

with each channel is returned in bits 0 through 2 of the hyvte, The hit

position corresponds o the channel number,

Chips and Tachnologies, inc, PRELIMINARY ' . 19
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Flgure 36.

Figure 3-7.
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3.12 Request Mask Register

The Request Mask Register is a set of four bits that are nsed to inhibit external
DMA requests from generating transfer cycles. This register can be
programmed in two ways. Each channel can be independently masked by
writing to the Write Single Mask Bit location. The data format for this
operation is shown as fallows.

Request Mask Register - Sei!Reset Operation

7 ] 5 4 3 2 1 ]
Ex Tx I xT x| x]m just juso |

00 Salact channel 0 mask bit
01 Sefect channe! 1 mask bit
10 Selact channal 2 mask bk
11 Sslact channol 3 mask bit

0 Clgar mask bit
1 Set mask bit

Rasarved

MB<0:1>: These two bits select the specific mask bit that is to be set or reset.
MB: Bit 2 sets or resets the request mask bit for the channel selected by

LW Jo L RN I .V U 3 f VLU . UL L . AL L. Sy e,
vl i VIOV, VWILUNE & O 11 WS DIl pOSIN LS L0 JIdSK,
inhibiting external requests.

Aliernatively, al! four mask bits can be programmed in one operation by writing
to the Write All Mask Bits address. The data format for this function and the
Read All Mask Bits function is shown as follows.

Request Mask Register - Read Operations

7 6 5 4 3 2 1 0

Ix Tx Px | x [mes [ms2 |met [meo |

l 0 Clear ciannal 0 mask bit
1 Setchannel 0 mask bit

0 Clear channe! 1 mask bit
L—————— 1 Satchanvel § mask bit

0 Claar channel 2 mask bit
1 Setchannal 2 mask bit

i Claar shonnal 3 mack kit
W PG WG A TR W I W

1 Setchannal 3 mask bit
Resarvad

PRELIMINARY + Chips and Technologias, lnc.




DMA Controller B

MB<0:3>: Each bit position in the field represents the mask bit of a channel., The
mask bit number corresponds to the channel number associated with
the mask bit. All four mask bits are set following a system RESET or
& Master Clear command. Individual channel mask bits are setas a
result of terminal count being reached, if Auto-Initialize is disabled.
The entire register can be cleared, enabling all four channels, by
performing a Clear Mask Register operation.

3.13 Siaius Hegisier

The status of all four channels can be determined by reading the Status Register.
Information is available to determine if a channel has reached terminal count
and whether an external service request is pending. Bit 0-3 of this register are
cleared by a system RESET, a Master Clear, or each time a Status Read takes
place. Bits 4-7 are cleared by a systemRESET, a Master Clear, or the pending
Tequest being de-asserted. Bits 4-7 are not affected by the state of the Mask
Register Bits. The channel number corresponds to the bit position.

]
Figure 3-8.  Status Register - Read Only
7 [ 5 4 3 2 1 0
[pos [pee [par [pao [Tes 2 [1o1 [To0 |
Lol T Ly coameionas reached 16
) ‘ I—‘I Channet 1 has reached TC
1 Channei 2 has reached TC
1 Channl 3 has raached TC
1 Channel 0 raquest
1 Channe! 1 request
1 Channel 2 request
1 Channet 3 request

3.14 Special Commands

Five special commands are provided 1o make the task of programming the
device easier. These commands are activated as a resnlt of a specific address
and assertion of either an -JOR or -IOW, Information on the dam lines is
ignored by the 82C235 whenever an -JOW activated command is issued. Also,
data returned on -IOR activated commands is invalid. Descriptions of the five
special commands foliow:
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Clear Byte Pointer Flip-Flop

This command is normally executed prior to reading or writing to the address or
word count register, This initializes the flop-fiop to point to the low byte of the
register and allows the CPIT 1o read or write ﬂmmgister bytes in correct

sequence.

Set Byte Pointer Flip-Flop

Setting the Byte Pointer Flip-Flop allows the CPU to adjust the pointer to the
high byte of an address or word count register.

This command has the same ¢ffect as a hardware RESET. The Command
Register, Status Register, Request Register, Temporary Register, Mode Register
Counter, and Byte Pointer Flip-Flop are cleared and the Request Mask Register
is set. Immediately foliowing Master Ciear or RESET, the DMA. is in the idie
Condition.

Clear Request Mask Register

This command enables all four DMA channels to accept requests by clearing the
mask bits in the register.

PRELIMINARY *. Chips and Technologies, knc.
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Section 4

The Interrupt Controller

The 82C235 incorporates two programmable interrupt controllers that are
compatible with the Intel 8259A. The controllers accept requests from
peripherals, resolve priority on pending interrupts and interrupts in service, issue
an interrupt request to the CPU, and provide a vector that is used as an index by
the CPU to determine which internypt service routine to execute.

- - A variety of priority assignment modes are provided, which can be reconfigured
at any time during system operation, allowing the complets interrupt subsystem
1o be restructured, based on the system requirements,

The controllers are cascaded in a fashion compatible with the IBM PC AT (refer
to Figure 4-1),

Figurs 4-1.  Cascaded Interrupt Controllers

RQ3
FROM PERIPHERALS ¢ RQ4

RGOS
e
|

INTR
(TO CPU) *

FROM PERIPHERALS b

s
Bloa
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]
Table 4-1.  Interrupts on the 1O Channel
Interrupt Systemn Board 10 Channeal
NMIL Parity Check -JJOCHCK
RGO Timer Not Available
IRQ1 Keyboard Not Available
IRQST Real-Time Clogk Not Availsble
IR Not Used Available
JRQ10 Not Used Avzilable
IRQI1 Not Used Aviilable
TRQ12 Not Used Avszilable
IRQI13 Coprocessor Not Avzilable
IRQ14 Not Used Avzilable
IRQ15 Not Used Avzilable
IRQ3 Serial Port2 Avajlable
RQ4 Serial Port 1 Available
IRQS Paralle] Port 2 Available
IRQS Hard Disk and Diskette Drives Availsble
IRQ7 Parrel Port 1 Awailable

1In internal RTC mode, IRQS is an internal signal.
The two devices are interconnected-and must be programmed to operate in
Cascade Mode (see Figure 4-1) for proper operation of all 16 interrupt channels.
INTC1 is located at /O Ports 020H-021H and is configured for Master
operation in Cascade Mode. INTC2 is a slave device, and is located at J/O
Addresses 0AQH-OAITL. The Interrupt Request output signal from INTC2
(INT) is internally connected to the interrupt request input Channel 2 IR2 of
INTC\. The address decoding and Cascade interconnection matches that of the
IEMPC AT.

Two additional interconnections are made to the interrupt request inputs of the
interrupt controllers. The oatput of Timer § in the Counter/Timer subsystem is
connected to Channel 0 (TRO) of INTC1. An Interrupt request from the Real
Time Clock is connected to Channel 0 (TR0} of INTC2. Table 4-1 lists the 16
interrupt channels and their interrupt request sources.

The following description of the Interrupt Subsystem pertains to both INTC1
and INTC2 unless otherwise noted. Wherever register addresses are used, the
address for the INTC1 register is listed first, and the address for the INTC2
register follows in parenthesis, e.g., 020H (QAOH).

4.1  Controller Operation

Figure 4-2 shows a block diagram of the major elements in the interrupt
controller:

+  The Interrupt Request Register (JRR) is used 1o store requests from all the
channels that are requesting service. Interrupt Request Register bits are
labeled using the Channef Name IR<0:7>.
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I
Figure 4-2.  Interrupt Controller Block Diagram
"INTA J iN-SERVICE
J{ REGISTER _I
INTERRUPT
(07> — RequesT l
REGISTER PRIORITY o
RESOLVER
INTERRUPT
MASK
REGISTER
CASCADE VECTOR S DATABUS
COMPARATOR REGISTER

*  The In-Service register (ISR) contains all the channels that are currently
being serviced (more than one channel can be in service at a time).
In-Service Register bits are labeled IS<0:7>.

® The Interrupt Mask Register (IMR) allows the CPU to disable any or all of
the interrupt channels.

* The Priority Resolver evaluates inputs from the above three registers, issnes
an interrupt request, and Iatches the corresponding bit into the In-Service
Register,

During interrupt acknowledge cycles, a master controller outputs a code to the

slave device that is compared in the Cascade Buffer/Comparator with a three bit

ID code previously written. If a match oceurs in the slave controller, it

generates an intermupt vector. The contents of the Vector Register are used to

provide the CP1J with an inferrupt vector during Interrapt Acknowledge (INTA)
cycles,

4.2 Interrupt Sequence

‘The 82C23S5 allows the CPU to perform an indirect jump to a service routine in

response 10 a request for service from a peripheral device (see Figure 4-3). The
indirect jump is based on a vector provided by the 82C235 on the second of two
CPU generated INTA cycles (the first INTA cycle is used for resolving priority;
the second cycle is used for transferring the vector to the CPU).

PRELIMINARY 25



M The interrupt Controller

Figure 43.  Interrupt Sequence
INTERRUPT MUST REMAIN ACTIVE UNTIL
THE FIRST INTA CYCLE BEGINS
- F *
Nr h
CASCADE PRIORITY RESOLVED
M
XD<0:7> “ )_'
VECTOR

Table 4-2.
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The events ocourring during an interrupt sequence are as follows:

1.

One or more of the intermupt requests (IR7-IR0) becomes active, setting the
corresponding IRR bit(s).

The intermpt controller resolves priority based on the state of IRR, IMR, and
ISR and asserts the INTR output if appropriate.

3. The CPUJ accepts the interrupt and responds with an INTA cycle.

4, During the first INTA cycie, the highest priority ISR bit is set and the
corresponding IRR bit is reset. The internal Cascade address is generated
and LD<0:7> outputs remain tri-stated.

5. The CPU executes a second INTA cycle, during which the 82C235 drives an
8-bit vector onto the data pins LD<(:7:, which is in mrn latched by the
CPU. The format of this vector is shown in Table 4-2. Note that V<3:7> in
the able are programmable by writing to Initialization Control Word 2 (see
Section 4.5 Programming the Interrupt Controller and Figure 4-4).

Format of Interrupt Vector

o7 Ds D5 D4 D3 D2 Dt Do
iR7 V7 Vo V3 Yi ¥3 i H i
IR6 v7 Vé V5 V4 V3 1 1 0
IRS V7 V6 V5 V4 V3 1 0 1
IR4 V7 Vé V5 V4 V3 1 0 0
TR3 V7 hi] V5 V4 V3 0 1 1
IR2 V7 V6 V5 V4 V3 0 1 0
IR1 v7 V6 V5 V4 V3 0 0 1
IR0 v7 V6 V3 V4 V3 4 0 O

6, Atthe end of the second INTA cyele, the TSR bit is cleared if the Autrenatic

End-of-Interrupt mode is selected {see Section 4.3 End of Interrupt).
Otherwise, the ISR bit must be cleared by an End-of-Interrupt (EOD
command from the CPU at the end of the interrupt service routine.
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The Interrupt Controller M

If no interrupt request is present at the beginning of the first INTA cycle (ie., a
spurious interrupt), INTC1 issnes an interrupt level 7 vector during the second
INTA cycle.

4.3 End of Interrupt

End-of-Interrupt {EOI) is defined as the condition that causes an ISR bit to be
reset. Determination of which ISR bit is to be reset can be done by a CPU
command (specific EOI); or the Priority Resolver can be instructed to clear the
highest priority IST bit (non-specific EOI). The 82C235 can determine the
correct ISR bit to reset when operated in modes that do not alter the fully nested
structure, since the current highest priority ISR bit is necessarily the last level
acknowledged and serviced. In conditions where the fully nested structure is
not preserved, & specific EOI must be generated at the end of the interrupt
service routine. An ISR bit that is masked, in Special Mask Mode by an IMR
bit, is not cleared by a non-specific EOI command. Optionally, the interrupt
controller can generate an Automatic End-of-Interupt (AEOT) on the trailing
edge of the second INTA cycle.

44  Priority Assignment

Assignment of priority is based on an interrupt channels position relative to the
other channels in the interrupt controller. Afier the initialization sequence, IR0
has the highest priority, IR7 has the lowest, and priority assignment is fixed

MHivad Prinemtir Madal DPrarity nocionmant san ha yntatad aithar manmally
i AAMAD L ll\.l.l..ll-: l.'lw\r’ A LALSR .l: mﬁlllll\’lll- Malll A IULGIAAL Willial luauuau]

(Specific Rotation Mode) or automatically (Automatic Rotation Mode) by
programeming Operational Command Word 2 (OCW2),

Fixed Priority Mode
This is the default condition that exists unless rotation (either manual or
automatic) is enabled, or the controller is programmed for Polled Mode. In

Fixed Priority Mode, interrupts are fully nwtzd with priority assigned as shown
in Table 4-3.

Fixed Priority Mode Interrupt Assignments

Priority Status Lowast Highost
IR7 IR6 IR5 R4 1IR3 IR2 IRl IR0

Nesting aflows interrupts with higher priorities 1o generate interrupt requests

nrior to the comnlation of the interrmt in gervice. Whan an interrnimt i
Pror o e complotion O 1D InICTIUps IN SeYviIce, W an micrrupt 5

acknowledged, priority is resolved, the highest priority request’s vector is placed
on the bus, and the ISR bit for that channel is set. This bit remains set until an
EOI (automatic or CPU generated) is issued to that channel. While the ISR bit
is set, all interrupts of equal or lower priority are inhibited. Note that a higher
priority interrupt that occurs during an interrupt service routine, is
aciknowledged only if the CPU has internally re-enabled interTupts.
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Tabla 4-4.

I
Tabla 4-5.

Tablo 4-6.

Table 4-7.

Specific Rotation Mode

Specific Rotation allows the system software o re-assign priority levels by
issuing 2 command that redefines the highest priority channel. Interrupt
assignments, before rotation, are shown in Table 4-4; interrupt assignments,
after rolation, are shown in Table 4-5. Specific rotation command issned with
Channel 5 specified.

Specific Rotation Mode Interript Assignments - Before Rotation

Pricrity Status Lowest Highest

IR7T JR6 RS R4 1IR3 IR2Z IR} IRD

Specific Rotation Mode Interrupt Assignments - After Rotation

Priority Status Lowest Highsst

IRS JR4 IR3 IR2 IRl IR0 IR7 IR6

Automatic Rotation Mode

In applications in which a number of equal priority peripherals are requesting
interrupts, Automatic Rotation may be used to equalize the priority assignment.
In this mode a peripheral, after being serviced, is assigned the lowest priority.
All peripherals connected to the controller are serviced at least once in eight
interrupt requests to the CPU from the controller. Automatic rotation occurs, if
enabled, due io the occrrence of EOI (automatic or CPU generated). Internupt
assignments, before rotation are shown in Table 4-6, and IR4 is the highest
priority request serviced. Interrupt assignments, after rotation, are shown in
Table 4-7, and IR4 service is completed.

Automatic Rotation Mode Interrupt Assignments - Before Rotation

1SR Status Bit IsT IS 1S5 1S4 1S3 12 ISt IS0
0 1 0 1 0 o o 0
Pricrity Status Lowest Highast

IR7 IR6 IRS IR4 TR3 TR2 11 IR0

Automatic Rotation Mode Interrupt Assignments - After Rotation

ISR Status Bit IS7 IS5 IS5 IS4 1S3 I1s2 151 180
0 i 0 0 0 0 0 0
Priority Status fowest Highast

R4 IR3 TRz TRl 1RO 1R7 IR6 RS
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The Interrupt Controller

4.5 Programming the Interrupt Controller

Two types of commands are used to control the 82C235 interrupt controllers:
Initialization Command Words (ICWs) and Operauonal Command Words
(OCWs).

Initialization Command Words

The initialization process consists of writing a sequence of four bytes to each
interrupt controller. The initialization sequence is started by writing the first
Initialization Command Word (ICW1) to address 020H (OAOH) with a one on
bit 4 of the data byte. The interrupt controller interprets this as the start of the
initialization sequence and does the following:

P SN LU ., JEPRIpEERTIOL I | § JRpgt oY o TR 2 i

i. The Inftialization Command Word Couriter is reset o
ICW1 is latched into the device.

Fixed Priority Mode is selected. _

IR7 is assigned the highést priority. |

‘The Interrupt Mask Register is cleared.

The Slave Mode Address is set to seven.

Special Mask Mode is disabled.

8. The IRR is selected for Status Read operations.

The next three I/Os write to address 021H (OA1H) will Ioad ICW2-ICW4.
Figure 4-4 shows a flow chart of the initialization sequence, The initialization
sequence can be terminated at any point (all four bytes must be written for the

—

1.

oot bW

=~

controller to be properly initialized) by writing to address 020H (0AOH) with a

zero in data bit 4. Note, this causes OCW2 or OCW3 10 be written.

PRELIMINARY
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Figure 4-4.  Initialization Sequence

STJRT

I wmﬁ;lcm § XA0=0 XDé=1
wmencwa j xwo-1

‘ CASCADE
MODE?
Y

| WRITE ICW3 | xmo=1

| xa0=1

END OF INTTIALIZATION
CONTROLLER READY

30

e
Figure 5.  ICWI Address 020H (OAOH) - Write Only

"I;M

1 Singlmode

0 Edge triggerad mode
1 Lavel triggared mode

1 Initialization sequernce
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Bit 1 selects between Single Mode and Cascade Mode. Single Mode
is nsed whenever only one interrupt controller (INTC1) is used and is
not recommended for this device. Cascade Mode allows the two
interrupt controllers 1o be connected through TR2 of INTC1. INTC1
aliows INTC?2 to generate its own interrupt vectors if Cascade Mode is
selected and the highest priority IR pending is from an INTC2 input.
INTC1 and INTC2 must be programmed for Cascade Mode for both
devices to operate,

Bit 3 selects level or edge triggered inputs to the IRR. 1fa one is

written t0 1. TM_ a hich.levsl an tha TRR innut oenaratag an interqont

TR s T e Ilay & RRApEaTRAr Y we e, AL BLRprAE {

request. The IR must be active until the first INTA cycle is started to
generate the proper interrupt vector (an IR7 vector is generated if the
IRR input is de-asserted early), and the IR must be removed prior to
EOI to prevent a second interrupt from occurring.

Bit 4 indicates to the interrupt controller that an Initialization
Sequence is starting and must be a one to write ICW1,

ICW2 Address 021H (OAIH) - Write Only

Reserved

Vector bits 7-4

V<37»! These bits are the upper five bits of the interrupt vector and are

programmable by the CPU. The lower three bits of the vector are
generated by the Priority Resolver during INTA, INTC1 and INTC2
need not be programmed with the same value in ICW2.

ICW3 Format for INTC1 Address 021H - Write Only

7 6 5 4 a 2 1 ¢
[s7 {s6 §ss |4 |3 [0 [st[so]

1 Rinput has a slava

0 iR input does not have a siave

S<0.7s: Select which IR inpats have Slave Mode controliers connected. ICW3

in INTC1 must be written with 04H for INTC?2 to function.

PRELIMINARY
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I
Figure 4-8.  ICW3 Format for INTC2 Address OAIH - Write Only

7

-] 3 & 3 2 1 [+

o7 s |5 [t [® [ [s1 ||

1 1Rinput has a siave
0 [R Input doas not have a slave

{D<02>: Determine the Slave Mode address the controllers will respond to

during the cascaded INTA sequence. ICW3 in INTC2 should be
written with 02H for cascade Mode operation, Note that b<3:7>
should be zero.

I
Figure45.  ICW4 Address 021H (AIH) - Write Only

7

3 5 4 3 2 1 0

[x [ x| xfew] x| x jacci|x ]

- B L Reserved

0 Nomal EQI
1 Auto EQ!

Resarved

0 Not nested mode
1 Nesled mode

Reserved

AEQL:

EMI:

Auto End-of-Interrupt is enabled when ICW4 is written with a zero in
both. The interrupt controller performs a non-specific EOI on the
trailing edge of the second INTA cycle. Note that this function should
not be used in a davice with fully nested interrupts unless the device is
a cascade Master,

Bit 4 enables multiple interrupts from the same channel in Fixed
Priority Mode. This aliows INTC2 to fully nest intzrrupts, when
Cascade Mode with Fixed Priority Mode are both selected, without
being blocked by INTC1. Correct handling of this mode requires that
the CPU to issue a non-specific EOI command to INTC2 and to check
its In-Service Register for zero when exiting an interrupt service
routine. If 2ero, a non-specific EOI command should be sent to
INTC1. If non-zero, no command is issued.
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Operational Command Words

Operational Command Word 1 (OCW1) is located at address 021H (0A1H) and
may be writien any time the controller is in Initialization Mode. Operational
Command Words 2 and 3 (OCW2 and OCW3) are located at address 020H
(OAOH). Writing to address 020H (OAQH) with a zero in bit 4 places the
controller in operational mode and loads OCW?2 (if data bit 3 = 0) or OCW3 (if
databit3=1).

|
Figure 4-10.  OCWI Address 0215 (DAl H) - Read/Write

1 Interrupt mask set
0 Interrupt mask clear

M<0:7>; These bits control the state of the Interrupt Mask Register. Each
Interrupt Request can be masked by writing a one in the appropriate

hit mmhnn Mﬁ controls TRO ate \ Qm-hng ar TRB bie hae nn affone

on lower priority requests. All IMR bits are cleared by writing ICW1.

I
Figure 8-13.  OCW2 Address 020H (0AOH) - Write Only

O <
o

»l

' L e

5l =0than
0 Selact OCW2
1 Select OCW3

0 Bt intialization saquenca
1 Ramain in sequence

End of infarmupt
Spacific fundtion
Rotate function

L <0:2>: These three bits are internally decoded to select which i mlemlpi

- channel is to be affected by the specific command. L <0:2> must be

valid during three of the four specific cycles (see SL).
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213 If the IfO write places a 0 in bit 4 (Initialization Sequence), then
writing a 0 in bit 3 (2/3) selects OCW2 and writing a 1 will select
OCW3.

st Writing a zero in bit 4 takes the interrupt controller out of initialize
mode and writes OCW2 or OCW3.

EOIL: This bit, in conjunction with Rotate Fanction and Specific Function,
selects operational function. Writing a one in bit 5 cavses a function

related to End-of-Interrupt to occut.
T
Table 4-8. End of Interrupt Bit at Unity
R SL EOI Funetion
0 0 1 Non-specific End-of-Interrupt
Command
Q 1 1 Specific End-of-Interrupt
Command
) 0 i Kotate on non-specific
End-of-Interrupt
1 1 1 Rotate on specific End-of-Interrupt
SL:  Thisbit in conjunction with Rotate Function and End-of-Interrupt

selects operational function. Writing & one in bit 6 causes a specific
or immediate function to occur. All specific commands require L2-L.0

to be valid except no operation.
I
Table 4-8.  Specific Bit at Unity
R SL EOI Functien
0 1 1] No Operation
1] 1 1 Specific End-of-Inetrrupt
Command _
1 1 0 Specific Rotate Command
1 1 1 Rotate on specific End-of-Interrupt

Ly o VLR N i U UL IRUpL. S, ' R . S o, .. NI, JUE. | o FEE S g ey
1115 Uil, 11 CUORJUNCELE Wikl OPCAUIC FUOCUOn &01d SIRe-OL-ILCIiupt,
sefects operational fumction. Writing a one in bit 7 cattses one of the

b

rotate functions to be selected.
]
Table 410. Roiaiz Function Bit at Unity
. R SL EOl Function

H (1] it Roiaie onasio B0 enable T
1 0 1 Rotat= on non-specific EOL
1 1 0 Specific Rotate Command
1 1 1 Rotate on specific EOI

+ This function is disabled by writing 2 Zero to all three bit positions.
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I
Figure 4-12.  OCW3 Address 020H (OAOH) - Write Only

7 [ & 4 3 2 1 ]

{0 esw jowi | & |20 | pu [AR [wms |

HAR = 1then
RiS=0 PeadIR rog nog
RiS=1 HeadlSregnen

0 No poll command
1 Poll command

1181 = 0 then
0 Selact OCW2
1 Selact CCW3

0 Exit inifiaiization sequence
1 Remaln in sequence

HESMM = 1 then

SMM =0 Resol spaclal mask
SMM =1 Sat special mask
Else if ESMM = 0 no action

'RIS:  This bit selects between the IRR and the ISR during Status Read
operations if RR = 1. IRR is selected if this bit is set to one. ISR is
selected if this bit is set to zero. '

RR: When the RR bit (bit 1) 15 one, reading the Status Port at address 020H
(OAOQH) causes the contents of IRR or ISR (determined by RIS) tobe
placed on XD7-XD0 and LDO-LD7. Asserting PM forces RR reset,

PM: Polled Mode is enabled by writing a one to bit 2 of OCW3 causing the
82C235 to perform the equivalent of an INTA cycle during the next
1/O read operation to the controller. The byte read during this cycle
sets bit 7 if an interrupt is pending. If bit 7 of the byte is set, the Jevel
of the highest pending request is encoded on bits 2-0. The IRR
remains frozen until the read cycle is completed, at which time the PM
bit is reset,

sk See Initialization Sequence above.

SMM:  If ESMM and SMM both are written with a one, the Special Mask
Mode is enabled. Writing a one to ESMM and a zero to SMM
disables Special Mask Mode. During Special Mask Mode, writing a
one 1o any bit position inhibits interrupts and a zero enables interrupts
on the associated channel by causing the Priority Resolver to ignore
the condition for the ISR,

ESMM: Writing a one in this bit position enables the Set/Reset Special Mask
Mode fanction controlied by bit § (SMM). ESMM allows the other
fanctions in OCW3 to be accessed and manipulated without affecting
the Special Mask Mode state.
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Programmable Interval Timer

Section 5§

Programmable Interval Timer

‘The programmable interval timer, which is equivalent to the Intel 8254
Programmable Interval Timer/Counter, is programmable through internal /0
Ports 040H through 043H. A block diagram of the subsystem is pmv:ded in
Figura 5-1,

~  Figure51.  Programmable Timer Control
voo
)
GATED
CLKO ouTo R0 o
1. 100Kz GATE1 BEFRESH-RE!

- CLKY ouTy |-OEEBESHAEQUEST
1810 GATEZ

CLK2 ouTe J-TONEGENERATION

Chipe and Technologies, Inc.

‘The inputs of the three channels are connected to a 1,19 MHz clock. The

ALT e R il MOV 14 21910 =
1.19 MHz clock is H‘nfmuﬁﬂ_y’ generated by \.uuu.m'g' 0O8CX1 (14.31818 MHz) by

12. The output of the three channels are as follows:

*  Channel 0 is a general purpose and software interrupt timer. The output of
this channe! is connected directly to the IRQO pin of the internal
programmable interrupt controller.

¢ The output of Channel 1 is used internally by the 82C235 o generate
refresh requests,

® The output of Channel 2 supports tone generation for the andio speaker,

wALUL U

The Counter/Timer (CTC) in the 820235 is general purpose, and can be used to
generate accurate time delays under software control. The CTC contains three
16-bit counters (Counter 0-3) that can be programmed to count in binary or
binary coded decimal (BCD). Each counter operates independently of the other

twomdeanbcpmgrammedforopaauouasanmcroramumer

All three of the counters are controlled from a common ses of control Jogic. The
control logic decodes control information written to the CTC and provides the

- controls necessary 1o foad, read, configure, and control each counter, Counter 0

and Counter 1 ¢can be programmed for all six modes, but Mode 1 and Mode 5
have limited usefulness due to the lack of an external hardware wigger signal.
Counter 2 can be operated in any of the foliowing six modes:
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*  Mode 0 — interrupt on terminal count

*  Mode I — hardware re-triggerable one-shot
® Mode 2 — rate generator

* Mode 3 — sguare wave generator

*  Mode 4 — software triggered strobe

*  Mode 5 — hardware re-triggerable strobe

All three counters in the CTC are driven from a common clock input pin
{TMRCLK) that is derived by dividing OSCX1 (14.31818 MHz) by 12.

Counter zeros ocutput (Onut 0) is connected io IRQO of INTC1 (see Section 4.1
Controller Operation) and may be used as an interrupt 1o the system for time
keeping and task switching. Counter 1 is programmed to generate pulses for use
by the refresh generator. The third counter (Counter 2) is a full function
Counter/Timer. This channel can be used as an interval timer, a counter, or asa
gated rate/pulse generator (which is normally nsed as a speaker tone generator).

5.1 Counter Description

Each coanter in the CTC contains a Control Register, a Status Register, a 16-bit
Counting Element (CE), a pair of 8-bit Counter Input Latches (CIL and CIH),
and a pair of 8-bit Counter Output Latches (COL and COH). Each counter also
has a clock input for loading and decrementing the CE, a mode defined GATE
input for controlling the counter (only GATE?2 is controlled by /O Port 61, bit
0), and an OUT signal. The OUT signal’s state and fimction are controlled by
the Counter Mode and condition of the CE (see Mode Definitions).

The Control Register stores the mode and command information used 1o control
the counter. The Control Register may be Ioaded by writing a byte, containing a
pointer to the desired counter, to the Write Control Word address (043H). The
remaining bits in the byte contain the mode, the type of command, and count
format information.

The Stams register allows the software to monitor counter condition and read
back the contents of the Control Register,

The Counting Element is & loadable 16-bit synchronous down-counter. The CE
is Ioaded or decremented on the falling edge of TMRCLK. The CE contains the
maximum count when a zero is loaded; this is equivalent to 655536 in binary
operation or 10000 in BCD. The CE does not stop when it reaches zero. In
Modes 2 and 3, the CE is reloaded and in all other modes it wraps around to
FFFFH in binary operation or 9999 in BCD.

The CE is indirectly loaded by writing one or two bytes (optional) to the counter
input latches, which are in turn Ioaded into the CE. This aliows the CE tobe
loaded or reloaded in one TMRCLK cycle,

The CE is also read indirectly by reading the contents of the counter cutput
Iatches. COL and COH are transparent latches that can be read while
transparent or latched (see Latch Counter Command).
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Table 5-1.

Figure 5-2.

Programmable Interval Timer IR

52 Programming the CTC

After power-up, the candition of CTC control registers, counter registers, CE,
and the output of all counters is mdefined. Each counter must be programmed
before it can be used. :

Counters are programmed by writing a control word and then an initial count.
‘The control register of a counter is written to by writing to the control word
address (see Tables 5-1 and Figure 5-2). The control word is a write-only
location.

Programming the CIC
Address Funetion
Q40H Counter 0 Read/Write
O41H ' Counter 1 Read/Write
042H Counter 2 Read/Write
043H Counter Register Write Only
Control Word (043H)

7 6 -5 - 4 B 2 1 0
{561 |sco [rwi [Awo [me [m1 [wo [BcD |

| 0 Binary counter 16-bits
1 Binary codad decimal counter

000 Counter moda 0
001 Countsr moda 1
-X10 Counter moda 2
X11 Counter mada 3
100 Counlar mode 4
101 Coutar mode 5

00 Countar tateh command
01 Readwrite LSB only

10 Read'writa MSB only

11 Readiwrite LSB then MSB

00 Saloct countar 0
01 Saiset countar 1
10 Salset countar2
11 Read-back command

BCD:  Bit 0 selects binary coded decimal counting format during Read/Write
Counter Commands. When bit 0 is set 1o zero, the count is binary;
when bit () is set to one, the count is BCD. Note that during
Read-Back Command this bit must be zero.

HM0:2> Bits 1-3 determine the counter’s mode during Read/Write Counter
Commands (see Read/Write Counter Command) or select the counter
during a Read-Back Command (see Read-Back command). Bits 1-3
become “don’t care” during Latch Counter Commands.
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]
Table 5-2.

Read/Write Counter Command

When writing to a counter, two conventions must be observed:

®  Each counter’s control word must be written before the initial count is
written,

*  Writing the initial count must follow the format specified in the control

word (Jeast significant byte only, most significant byte only, or least
significant byte, then most significant byts).

Read/Write Counter Commands

SCt  SC0 RWi RWG Cornmand

Latch Counter O (522 Counter Latch Command)
Read/Write Counter 0 LSB Only
Read/Write Counter 0 MSE Only
Read/Write Counter 0 LSN then MSB
Latch Counter 1 {(see Counter Latch Command)
Read/Write Counter 1 LSB Only
Read/Write Counter 1 MSB Only
" Read/Write Counter 1 LSN then MSB
Latch Counter 2 (see Larch Counter Command)
Read/Write Counter 2 LSB Cnly
Read/Write Counter 2 MSE Orly
Read/Write Counter 2 LSN then MSB

™o AT 3T el e Y
REAG-DACK WOILINATIO \SEC ul.cn L.uu:m.cr \...ununmu;

=
]
(=]

ot fpe | {0 s 1= 0 | oot o |2
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O[S [ [ [t [t [ e [ (D O
D= | @ =t (O et | |t (O |4 O e [

-
F: Y

A new initial count can be written into the connter any time after programming
without rewriting the Control Word, as long as the programmed format is
observed.

Latch Counter Command
‘When a Latch Counter Command is issued, the counter’s output [atches (COL

and COH) laich the current state of the CE. COL and COH remain latched until
read by the CPU, or the counter is reprogrammed. The output Iatches then
return o a “transparent” condition. In this condition, the latches are enabled and

the conients of the CE may be read directly.

Latch Counter Commands may be issued to more than one counter before
reading the first counter to which the command was issued. Also, multiple
Latch Counter Commands issued to the same counter without reading the
counter cayse all but the first command to be ignored.

Read-Back Command

The Read-Back Command allows the user 10 check the count value, mode, and
state of the QUT signal and Null Count Flag of the selected counter(s).

The format of the Read-Back Command is as follows:
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Figure 5-3.  Read-Back Comunand Format

T 6 B A4 3 2 1 Q
[t o s Jez Je1 Joo fo ]
i I 1

Countar solact

0 Latch status of selacted
counter(s)

7 | 0 Latch count of sclacled
countar(s)

- - e
: Writing a onie in bit 3 causes Counter 3 1o Jaich one or both of the

registers specified by the Latch Counter and the Latch Status. The
same is true for bits 2 and 1 except that they enable Coanters I and 0
respectively.

LS: Writing a zero in bit 4 causes the selected counter(s) to iatch the
current condition of its Control Register, Null Count, and Output into
the Status Register. The next read of the Coanter results in the
contents of the Status Register being read (see Status Read).

o
£
%

{C:  Writing azero in bit 5 causes the selected counter(s) to latch the state
of the CE in COL and COH. '

= Each counter’s 1atches remain latched until either the latch is read or the counter
" isreprogrammed.

IfLS =LC =0, status is returned on the next read from the counter. The next
-one or two reads (depending on whether the counter is programmed to transfer
one or two bytes) from the counter result in the count being retumed.

- Figure 5-4.  Status Byte . o N e

7 L 5 4 3 2 1 ¢

fout Iac [/ TR Te Tw

w ieco |

] 0 Binary courter 16-bits
1 Binary coded dacimal counter

000 Counler mode O
001 Countermoda i
X10 Courttar mode 2
X11 Countar mods 3
100 Countermode 4
101 Counter mode 5

00 Countar kxtch conmand
01 Readiwrtta LS8 only
10 Read/write MSB ony
t1 Readwrits LSB then MSB
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BCD:  Bit 0 indicates the CE is operating in BCD format.

Md):2>: These bits reflect the mode of the counter and are interpreted in the
same manner as in Write Command operations.

F<l:1>: Bits 4-5 contain the FO and ¥1 Command bits, which were writtan to
the Command Register of the counter during initialization. This
information is useful when determining whether the high byte, the low
byte, or both must be transferred during counter read/write operations.

NC: Bit 6 contzins the condition of the Nuli count Flag. This flag is used to
indicate that the contents of the CE are valid. Null Countissetioa
one during a write to the Control Register or the counter. Null Count
is cleared to a zero whenever the counter is loaded from the counter
input registers.

OUT:  Bit 7 contains the state of the OUT signal of the counter.

5.3 Counter Operation

Due to the previously stated restrictions in Counter 0 and Counter 1, Counter 2
is used as the example in describing counter operation, but the description of
Mode 0, 2, 3, and 4 is relevant to all counters. The following terms are defined
for describing CTC operation.

TMRCLK pulse — an internal clock equivalent to OSCX1 (14.31818MHz)
divided by 12

Trigger — the rising edge of the GATE? input.
Counter Load — the transfer of the 16-bit value in CIL and CIH to the CE.

Initialized — indicates that a conirol word has been written and the Counter
Input Latches have been loaded.

Counter 2 operates in one of the following modes:

Mode 0 - Interrupt on Terminal Count

Writing the Control Word causes OUT2 to go low and remain low until the CE
reaches zero, at which time it returns to high and remaing high until a new count
or Control Word is written. Counting is enabled when GATE2 = 1. Disabling
the count has no effect oo OUT2. The CE is loaded with the first TMRCLK
pulse after the Control Word and initial count are oaded. When both CIL and
CIH are written, the CE is loaded after CIH is written (see Write Operations).
This TMRCLK pulse does not decrement the count (for an initial count of N,
OUT?2 does not go high until N+1 TMRCLK pulses after initialization), Writing
a new initial connt to the counter reloads the CE on the TMRCLK pulse and
counting continues from the new count.

If an initial count is written with GATE2 = 0, it is still loaded on the next
TMRCLK pulse but comting does not begin until GATE2 = 1. Therefore, Our2
goes high N TMRCLK pulses after GATE2 = 1.
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Mode 1 - Hardware Re-Triggerable One-Shot

Writing the Control Word canses OUT2 to go high initially, Once initialized,
the counter is armed and a trigger canses OUT2 to go low on the next TMRCLK
pulse, OUT2 then remains low until the counter reaches zero. An initial count
of N results in a one-shot pulse N TMRCLK cycles long.

Any subsequent triggers while OUT2 is low causes the CE to be reloaded
extending the length of the pulse. Writing a new count to CIL and CIH does not
affect the current one-shot anless the connter is re-triggered.

Mode 2 - Rate Gengrator

Mode 2 functions as a divide-by-N counter, with OUT?2 as the carry. Writing
the Control Word during initialization sets OUT2 high.

‘When the initial count is decremented to one, OUTZ2 goes low on the next

" TMRCLX palse. The following TMRCLK pulse retirns OUT2 high, reloads

the CE, and the process is repeated. In Mode 2, the counter continues counting
(if GATE2 = 1} and generates an OUTZ2 pulse every N TMRCLK cycles. Note
that a count of one is illegal in Mode 2.

GATE?2 =0 disables counting and forces OUT2 high immediately. A migger
reloads the CE on the TMRCLK pulse. Thus GATEIcanbeusedm

o;uwl"umulm EIM wl}r'n’ w ﬂxmﬂl U"Hll‘-)

Writing a new count while counting does not affect current operation unless a
trigger is received. Otherwise, the new count is loaded at the end of the current
counting cycle.

Mode 3 - Square Wave Generator

Mode 3 is similar to Mode 2 in every respect except for the duty cycle of QUT2.
OUTZ is set high initially and remains high for the first half of the count,. When
the first half of the initial count expires, OUT2 goes low for the remainder of the
count.

If the counter is loaded with an even couns, the duty cycle of OUT2 is 50%
(high = low = N/2). For odd count values, OUT2 is high one TMRCLK cycle
longer than it is low. Therefore, high = (N+1)/2 and low = (N-1)/2.

Mode 4 - Software Triggered Strobe

ER R we S W W

Writing the Control Word causes OUT2 to go initially, Expiration of the initial
count causes OUT2 to go low for one TMRCLK cycle. GATE2 = 0 disables
counting but has no effect on QUT2. Also, a trigger does not reload the CE.

‘The counting seguence is started by writing the initiaf count. ‘The CE is loaded
on the TMRCLK pulse afier initialization. The CE begins decrementing one
TMRCLK pulse later. OUT2 goes low for one TMRCLK cycle, (N+1) cycles
afier the initial count is written. If a new initial count is written during a
counting sequence, it is loaded into the CE on the next TMRCLK pulse and the
sequence continues from the new count. This aflows the sequence 1o be
re-triggerable by sofiware,
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Mode 5 - Hardware Triggered Strobe

Writing the Control Woed causes OUT2 to go high initially. Counting is started
by trigger. The expiration of the initial count causes OUT2 to go low for one
TMRCLK cycle. GATEA20 = 0 disables counting.

The CE is loaded during counting, the current counting sequence is not affected
unless a trigger occurs. A trigger causes the counter 1o be reloaded from CIL
and CIH, making the counter re-triggerable.

GATE2

In Modes 0, 2, 3, and 4 GATE2 is level sensitive and is sampled on the rising

edge of TMRCLK. In Modes 1, 2, 3, and 5 the GATE2 input is rising-edge

sensitive, This rising edge sets an internal flip-fiop whose ouiput is sampied o

the next rising edge of TMRCLK. The flip-flop resets immediately after being
- eeiiee_ - . sampled. Note that in Modes 2 and 3 the GATE2 inpat is both edge- and

ievel-sengitive.
|
Table 5-3. GATEZ2 Mode
Mode Condition
Low Rising High
G Disables Counting — Enables Counting
- C e e - 1 —_ a. Initiates Counting —_
b. Resets OCUT Pin
2 & Disables Counting Initiates Counting Enables Counting
b. Forces OUT Pin High
3 2. Disables Counting Initiates Counting Enables Counting
b. Forces OUT Pin High
4 Disables Counting —_ Enables Counting
5 — Initiates Counting —_
In an AT (and SCAT) GATEQ and GATE1 and tied high. GATE2 is controlled
by Port 61H bit 0.
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Section 6

System Interface

6.1 Keyboard Controller Interface

The 82C235 uses an external 8042 to handle keyboard operations (see Figure

" 6-1). The clock for the 8042 may be derived from BUSCLX or OSCX1 and
should have a frequency between & MHz and 10 MHz, when used with standard

. keyboard controllers. The 8042 interfaces with the 82C235 through IRQl and a

chip select line (-8042CS Pin 130, MFP2), The 8042 also provides two output
signals: GATEA20 and CPURESET. These signals are brought into the
82235 and combined internaily with the FAST GATEAZ0 and FAST CPU
RESET functions. The keyboard controller also supports the keylock and CGA

strap functions.

| |
Figure6-1.  Keyboard Controller

Tz 58042 S goir} TOARENER
From 82C235 .—-K__KIQE ;219 1}——KBCLE,
oXIOW ___}4g aa]__KBLOCK Tﬂwﬂ@éﬁ
-RESET __ 1,
ToB2C235 - JoGATEAZC R oo ) a3 COLOR, }EMOP%?!
L Bt a5

nd EACT A ZA')Q

These functions perform the same functions as the signals CPURESET and
GATEA20 from the keyboard controlier. They are a faster afternative to using
the keyboard controller, and can be invoked by writing to Port 92H.
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]
Table 6-1.

IO Port 92H
Port Bt Desctiption/Blt State
924 1 FASTGATEA20

0=MODA20 is low

1= Address bit A20 (from CPU) on directly reflected on
MODAZ20 pin.

0 FAST CPURESET

0o 1 transition pulses the CPURESET pin to reset the
CPU. This bit maintains its state so the BIOS can determine
if the reset was czused by a FAST CPURESET.

The FAST GATEA2( is logically OR"d with the keyboard GATEA20 function.

6.2 Memory Interface
This section discusses three types of memory interface:

L o T o ¥ 20 Bpuy JUNSES . By . W S NI . Py

*  RUM/SRABGOW INAM INIEHEACE
* DRAMinterface
¢ Extended/expanded memory interface

ROM/Shadow RAM Interface

The 82C235 contains a programmable ROM chip select (-ROMCS) that
becomes active when an access is made to the address range programmed by
internai configuration register 48H or accesses between FrOXX) and FFFFFFH.
The programmable range, which may be as large as 256KB (in 32KB blocks), is
between 0CO00CH and OFFFFFH.

ROMs, which may be configured for either 8- or 16-bit mode, must be
connected to the XD-bus. To select 16-bit mode, the DACK7 line must be
driven low with a TTL device; to select 8-bit mode, the line must be driven high
with a TTL device. The 82C235 asserts -MEMCS16 during all ROM cycles if
16-bit mode is selected.

The §2C235 supports a feature called shadow RAM. This feature is invoked by
copying an image of the BIOS {which is in ROM) into an area of RAM. The
purpose of this feature is to allow operating systems and software applications to
make faster accesses to the shadowed BIOS (rather than ROM which is much
slower).

The degree of performance improvement derived from the use of shadow RAM
depends primarily on the difference in access times between ROM and DRAM
cycles. At higher system speeds, the difference can be significant.

Additionally, shadow RAM allows uase of a single 8-bit ROM (thus reducing
circuit board size and component count) without sacrificing system performance,
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Shadow RAM can be implemented using internal configuration registers 48H -
4CH. Refer to the following procedure for the programming sequence that
enables shadow RAM.

‘I’I:e Tha rwnrram that feanofare tha BTIOIC Feamm DO tA D A‘{ hn“'d macida in

Ta )
AAN PALEIGIAL ML OIS ML AW MWL FVLFLVL WA A%l Ml

jow RAM.

[y
.

THeonhla tha intormnio
A BT A Bl MW lul.uluyl-‘l-

Copy the ROM BIOS into low memory (address CKB).
Disable -ROMCS using internat configuration register 48H.

Tl alo 1 P ABRE e St ____. e A LTT AMTT
Laui€ i Snadow WJ. I.lhl.lls l-lllﬂllld-l vumlgu.idu 1CKRISIELS AL -H\.L1.

won

£n
+

5. Copy the BIOS from low memory into the area of memory reserved for
shadow RAM. -

6. Make the shadow RAM read only using internal configuration register 49H.
7. Re-enable the interrupts.

DRAM Interface

The 82C235 includes a DRAM controller that directly supports up to 8MB of
memory in four 18-bit (including two bits of parity} banks. The 82C235
supports different memory configurations, which can be programmed using

internal configuration register ADVH in coniunction with AR hit A Tn acoece

AEGAR WASERE S S LHAAE & W Y TWaeraa sas ALFUA LRSS VT AR TaAsALLy Le

any one of the four banks, the 82C235 asserts one of the four RAS signals
(-RASQ through -RAS3) that corresponds $o a particular bank, plus -CASL or
-CASH 1o specify the low or high byte of that bank. For write operations, the
-MWE signal is asserted. The 82C235 multiplexes the A01-20 address lines for
DRAM accesses during assertion of -RAS and -CAS according to Table 6-2.

]
Table 6-2. Multiplexing the <A20:1>Address Lines

MAGF MAB  MA?  MAS  MAS  MA4I MAI  MA2  MAT  MAD
AAS A9 A7 A8 A7 A6 AS A4 A3 A2 Al

Las  A20f  AIS A6 AlS  AI4 AI3 Al2Z ALl A0 A9

T Al9 and A20 are used for RAS generation on 512KB banks.
$ MAS9 is only used in 2MB banks.,

The upper addresses (A23-A19) are used to generate the -RAS signals for each

hanl- Tahle £ 2 chowws the addyece that are ncad to renarata the RAS mnrmh- for

ERA AW N w WLAE S AL BAFLLA SAS R L LA RS AR AR

each bank of DRAM. Each DRAM configuration will have its own vnigue RAS
decode scheme. The AOO address line, in conjunction with -BHE signal, are
used for -CAS generation for high byte, or low byte, or word accesses.

[, o YSURPRGL I PR | Y . Py P\, R N o U S . YR oA

The address lines caii be from one of e foliowing sowces: the TPU, i DMA
controller inside the 82C235, the EMS page registers in l.’ne 82C235, or by a Bus
Master on the I/O Channel.
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Table 6-3. RAS Decode

Memory Bank Bank Address Bits
Configuration Select Size

A2 A1 A0 Alg

512K Banks RASO 512K 0 0 0 0
upto RAS1 512K o 0 0 1
2M total mnemory RAS2 512K 0 0 1 0
RAS3 512K 0 0 1 1

2M Beanks RASO M 0 0 X X
upto RAS1 0 1 X X
8M total memory RAS2 M 1 o X X
RAS3 M 1 1 X X

512K and 2M Bank RASO 512K 1] 1 1) 0
T 25Mwtalmemory ' -RAS1I M 0 (1) X X
512K and 2M Banks RASO 512K 1 0 0 0
4.5M total memory RAS1 M 0 4] X X
RAS2 2M 0 1 X X

512K and 2M Banks RASD 512K 1 b 0 o
65M total memory RAS1 10 0 0 X X
RAS2 M 0 1 X X

RAS3 _ 2M 1 0 X X

512K and 2M Banks RASO 512K 0 1 0 H
3M total memory . RAS1 512K 0 1 o 1
RAS2 2M 0 ] X X

512K and 2M Banks RASO 512K 1 0 0 0
5M total memory RAS1 512K 1 0 0 1
RAS2 pi] c 0 X X

RAS3 M 0 1 X X

The 82C2335 supports odd parity for each byte. Each time a byte or a2 word is
written, an odd parity bit is generated and written along with the byte. When a
read occurs, the written parity bit is compared against calculated parity from the
read byte. If a mismatch occurs daring this read operation, a parity error is
reported and an NMI is generated indicating a problem with memory. The NMI
generation for parity exvors can be disabled using bit 6 of internal configuration
register 46H or bit 2 of I/O port 61H. If the system designer dacides to not
implement the parity bit (because of cost or other reasons), NMI generation due
to parity errors should be disabled as described.

Memory is accessed on the MD-bus (local bus) except when the address
exceeds the installed memory size or the address references a range disabled by
the RAM DISABLE bit using bit 5 of internal coafiguration register 4EH.
‘When either of these conditions exist, the bus cycle is performed on the I/0
channe!l. Additional memory can be configured on the I/O channel.

Local DRAM timing can be programmed asing bits 64 of internal configuration

register 4BH. Local DRAM timing can be run at zero wait-states, one

wait-state, or -RAS delayed by PROCCLK/2 and one wait-state, As stated

’”Lﬁnm&%mmi{.ﬂﬁ ‘ﬂ;@‘&b}.ﬁ MW .lﬁ' nﬁ;.‘oa.\.-l-.)u, WUy & 2uUd
Master on the I/O Channel.
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Mixed Size DRAM Support

Mixed size DRAM support allows the intermixing of 256Kx1 (256Kx4) and
1Mx1 (IMx4) DRAM types. In order to instruct the DRAM controller that
mixed types of DRAMs are present, one programs Internal Configuration
Register (ICR} 4EH, Bit 6 to a logic 1 value. This instructs the DRAM
controller to decode memory accesses as per the values shown in Table 6-4 1 a
logic 0 is written to this bit, the §2C235 DRAM controller operates in the same
fashion as the earlier revision of 82C235 (82C235 A) silicon. Note that this bit
defavits to a logic 0 value, instructing the 82C235 to operate as previous
revisions of the silicon operated. Once this bit has been set, the appropriate
table selection is programmed via ICR 4DH, Bits 3:0.

‘The following is a brief description of the operation of ICR 4EH, Bit 6 and ICR

4DH, Bits 3:0.
|
Table 6-4.  Internal Configuration Register 4EH
index Bit Dosctiption/Blt Stata
4EH 6 MIX DRAM CFG - When this bit is set to alogic 1,

intermixing of 256K and iM DRAM:s is supported. When
this bit 15 set to a logic 0 level, only memory configurations
' which d5 not support 256K and 1M DRAM types are
i allowed (see Table 5-3 DRAM Memory Organization). This
bit defaults 1o 2 logic O after reset.

0 = No intermixing (default)
1 =256K/1M intermixing supported

Note  This bit was previously designated “Reserved” in 82C235 A silicon.

|
Table 6-5. Internal Configuration Register 4DH
inclax, Bit Desctintion/Bit State
4DH 3:0 CFG3:0 - This 4-bit field, in conjunction with the MIX

DRAM CFG bit described sbove, specified the system
board metnory configuration as detailed by Table 6-6. The
default value of these bits is a hex value of 1 {0010 binary)
atreset. .
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Table 6-6. DRAM Memory Organization

Mix DRAMCFG CFG3:0 (hex) Bank 0 Bank § Bank 2 Bank3 Totai Memory ExtandedEMS
| & e L]
bnatledd)

1] G o a0 a 0 4] 0

0 1 512K 1] 0 0 512K 0
(4] 2 S12K 128K 0 0 640K 0

o 2 S12¥% S12K 0 ] 1M 384K
0 4 512K 512K 0 0 M 0

1y 5 S12K 512K 512K o 1.5M 512K
0 6 512K 512K 512K 512K 2M 1M
Y 7 __ Reserved

0 8 M 0 0 0 ™ 1M
0 9 M 2M 0 0 4AM 3M
0 A 2M 2M M o oM M
0 R M 2M M _2M 1% ™
0 C Reserved

0 D Reserved

0 E Reserved

0 F Resarved

1 1+ S12K M a 0 2.5M 15M
1 2t 512K 2M M 0 4.5M 35M
1 3t 512K M 2M 2M 6.5M 5.5M
1 . 41 512K 512K 2M 0 3M M
1 5t 512K 512K 2M 2M 5M_ AM

T In these configurations, mephym'calmppingarderofthebmksh;s-becn changed so that the starting address begins with
the first 2M bank. The first 512K bank is after the last 2M bank.

Expanded/Extended Memory

The 82C235 supports the LIM EMS 4.0 specification. This specification allows
operating systems and software applications to access memory above the DOS
(1IMB) limitation through implementation of a page mapping scheme that is
managed by an EMS driver, Using }/O page registers, the 82C235 is able to
re-map memory using 32 16KB pages.

The internal configuration register 4FH, bit 0, selects an IfO base for the 1/O
page registers to use for EMS implementation. To access the IO page registers,
enable internal configuration register 4FH, bit 6; to enable EMS memory
mapping, enable internal configuration register 4FH, bit 7. Table 6-7 describes

- how I/O page registers are defined.
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I
Table 6-7.  I/Q Page Registers Defined
EMS Paga Reglster Bit Name Description
/O Base + 0 (Read/Write}  7-0 A21.AT4  Addresses to beused instead of CPU addresses. See Note below. -
I/O Base + 1 {Read/Write) 7 Page Enable _ 1 »=page addressed as EMS; 0 = page not sddressed s EMS (default).
6-2 Reserved
. 0-1 A23-A22  Addresses to be used instead of CPU addresses. Ses Note below.
J/O Base + 2 (Read/Write) 7 - AlEnsble  This bit ensbles automatic incvementing of the EMS page index value upon an /O
’ baseTIEgﬁ’ﬁiﬁs Thus, all 32 I/0 page register pairs (words) can be writien
without having to rewrite index values. 1 = automatic incrementing enabled;
O = automatic incrementing disabled (defaule).
6-5 Reserved
40 Index 4-0 'I'hmebmdetermmcwhtchofmeSZEMSpageregismmsmaccessadaﬂleﬂo
base and 170 base + 1 locations,
- Note  The values written to registers I/O Base + 0 and I/O Base +1 become the

Chips and Techmologies, Inc.

absolute values on the memory address lines to which they cm'espond.
Therefore, the EMS address may point anywhere to the available system
memory. No hardware checking is performed for conflicts with low (DOS)
or other memory areas. It is the responsibility of the EMS driver to select

appropriate values for the page register contents.

The 82C235 has 32 16KB EMS page registers. The first 24 EMS page frames
are physically mapped into the area from 256KB to 640KB
(040000H-09FFFFH). The remaining eight pages are mapped into the range
ODO0OOH-OEFFFFH. These are the physical addresses at which the EMS page
frames appear. Logically mapped addresses are those addresses in extended
memory that are pointed to by the /O page registers. Figure 6-2, which shows
how EMS is implemented, indicates that the physical addresses (A23-14) for
each page frame are changed to the logical addresses specified by the [/O page
register pairs. The converted addresses are then able to point to any location in
RAM.,

The EMS paging and 1/O page registers are normally managed by application

software or an EMS driver that allows nmhom:mc to gocess more RAM than

that allowed by DOS. More mformauon on software implementation can be
obtained from various Intel and Microsoft publications.

The 82C235 supports a combination of expanded and extended memary (see
Figure 6-3). Extended memory is memory from physical address 1MB up to the
extended boundary. Internal configuration register 4EH, bits 3:0, defines the
extended boundary. Expanded memory is memory from the extended boundary
to the end of local installed RAM. Additional RAM can be added on the AT
bus which will be extended or expanded as defined by its specification.

S S SRLLSRe T ARG O
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Figure 6-2.  Expanded Memory Subsystem
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6.3  Numeric Processor Interface

‘The 82C235 contains interface logic that supports use of an 80287 numeric
coprocessor, ‘The logic provides the following features:

®  Decodes chip select to the 80287 (-NPCS)

*  Generaies a dedicated reset (NPRST)

* Detects and laiches coprocessor errar status

*  Generates an interrupt (TRQ13) to the system when an error occurs

The clock for the 80287 can be derived externally from the BUSCLK or
PROCCLX outputs,

Flgure 64.  Numeric Coprocessor Interface G e o
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Note: S4, 52, and S1 are latched address A4, A2, and A1,

6.4 Real Time Clock lnterfabe

‘The §2C235 contains an internal, MC145818-compatible, real-time clock (RTC)
with a total of 128 bytes of CMOS RAM. The internal RTC may be disabled so
that an external RTC c¢an be used. Internal/extemal RTC mode is selected by
the state of the -EXRTC signal (-DACKS, pin 91) during power-up. If this pin
is driven low with a TTL device, the extemnal RTC mode is selected. ATTL
logic high puts the 82C235 into internal RTC mode.

The definition of two 82C235 signal pins change when selecting RTC mode.
Table 6-8 lists the differences between intemal and external mode,

.
Table 6-8. InternaliExternal Real Time Clock Mode
liem internal RTC Mode Extarnal KTC Mode
-EXRTC (-DACKS) TTL logic high TTL logic low
820235 Ve pins Cormect 1o the battery circuit. Comnect to the power supply.
MFP4 (pin 140) 32KHz imput from an external IRQOS is input from the RTC.,
oscillator,
MFPS5 (pin 141) Power Sense input. -RTCCS output to the RTC.,
Chips and Tachnalogias, Inc. PRELIMINARY . 53
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Figure 6-5.  External Real Time Clock
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Register Access

Reading and writing to the 128 locations in the Real Time Clock is
accomplished by first placing the Index Address of the location you wish to

P —— PV Adenna 2n tham Iotakhad smbn sha

access OY wming the index io W pon 70H. The address is then laiched into the

‘Index Address Register, The Index Address Register is then used as & pointer to

the specific byte in the Real Time Clock, which may be read or writien usmg
1/O port 71H.

Address Map

Table 6-9 shows the internal register/RAM organization of the Real Time Clock

m‘mnn of the 820235, The 128 addressable locations in the Real Time Clock

o Bar A A ANTUARAL LA AR RAAY kSt A A

are divided into ten bytes that normally contain the time, calendar and alarm
data, four control and status bytes, and 114 general purpose RAM bytes. All
128 bytes are readable by the CPU. The CPU may also write to all locations
except Registers C, D, Bit 7 of Regisier A, and Bit 7 of the Seconds Byt which
is always zefo.

PRELIMINARY « Chips and Technologies, Inc.




System Interface Il

T
Table 6-9. Address Map for the Real Time Clock
index . Function
00 _Seconds
- 01 Seconds Alarm
02 Minutes
- - - 03 Minutes Alarm
~ 04 Hours
05 . Hours Alaem
05 Day of the Wezk
07 Date of the Month
08 ] Month
o Year
0A Register A
0B ' Register B
oC Register C
0D Register D
0E User RAM
OF - 7F User RAM

Time Calendar and Alarm Bytes

The CPU can obtain the time and calendar information by reading the
appropriate locations in the Real Time Ciock. Initialization of the time,
calendar, and alarm information is accomplished by writing to these locations.
Information is stored in these locations in binary-coded decimal (BCD) format.

Before initialization of the internal registers can be performed, the SET bit in
Register B should be set to a one 1o prevent Real Time Clock updates from
occurring. The CPU then initializes the first ten locations in BCD format. The
SET bit should then be cleared to allow updates. Once initialized, enabled, and
programmed in an AT mode, the Real Time Clock performs clock/calendar
updates.

-Table 6-10 shows the format for the ten clock, calendar, and alarm locations,
The 24/12 bit in Register B determines whether the hour locations are updated
using a 1-12 or 0-23 format. In 12 hour format, the high order bit of the honrs
byte in both the time and alarm bytes indicates PM when it is a one.

Chiips and Technologies, knc. PRELIMINARY ’ 55



M System Interface

56

Time, Calendar, and Alarm Bata Format

indax Registar Addrass Function BCD Range
o Seconds &o-55
1 Seconds Alarm 00-59
2 Minutes 00-59
3 Minutes Alarm 00-59
4 Hours (12 hour mods) 01-12 (AM)
Hours (12 hour mode) 8192 (PM)
Hours (24 hour mode) 00-23
5 Hours Alarm (12 hour mode) 01-12(AM)
Hours Alarm (12 hour mode) 81-92 (PM)
Hours Alarm {24 hour mode) 00-23
6 Day of the Wesk 01-07
7 Day of the Month 01-31
8 Month 01-12
9 Year 00-99

During updates, which occur once per second, the ten bytes of time, calendar,
and alarm information are unavailable to be read or written by the CPU fora
period of 2ms. These ten locations cannot be written to during this time.
Information read while the Real Time Clock is performing update is undefined.

Tha T Trndata MMrala canrnan Aacssihas havs TTrAnta Fosla /DT T aantantinm
A LI Upmwh:hw OAWALIVIL Sl erd LD llu"-uwﬂw Taet J et Bl b T B W ARAALELILIAE

problems can be avoided.

The alarm bytes an be programmed to generate an interrupt at a specific time or
they can be programmed to generate a periodic interrupt.

-Static RAM

The 114 bytes of RAM from Index Address OEH to 7FH are not affected by the
Real Time Clock. These byies are accessible daring ihe updaie cycls and may
be used for whatever the designer wishes. Typical applications use this as
non-volatile storage for configuration and calibration parameters since this

device is normally battery powered when the system is turned off.

Control and Status Registers

The 82C235 contains four registers used to control the operation and monitor

tho ctatne af tha Raal Tima Cloel- Thacs racistars ara Incatad af Indas Addrace
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OAH-0DH and are accessible by the CPU at all times.
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Figure 66.  Register A (OAH) - Read/Write Except for Update-in-Progress
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RS<0:3>: These four bits control the Periodic Interrupt rate. The Periodic
Interrupt is derived from the Divider/Prescaler in the Real Time Clock
and is separate from the Alarm Interrupt. Both the alarm and periodic
interrupts do use the same interrupt channel in the Interrupt Controller.
Useing the Periodic Interrupt allows the generation of interTupts at
rates higher than once per second. Table 6-11 shows the interrupt

wantnn fnm sedhiab tha Tan] Timws MAanle ane o s e s e o3
Ry BV WILILEE LG Dbl L LLEN Yl L LA PACLALILILICAL,

I
Table 6-11. Periodic Interrupt Rate
Rate Selection Time Base
RS3 RS2 R51 RS0 £.194304 MHZ/ 32.768 KHz
1.048576 MHz

0 [t 0 0 None " None
0 0 [\ 1 30.517 ps 3.90526 ms
G 0 1 0 61.035 ps 78125 ms
0 0 1 1 122.070 us . 122.070ps
] 1 0 0 244.141 ps 244,141 us
Q 1 ¢ 1 488.281 s 488.281 ps
0O 1 1 0 976.562 us 976.562 ps
0 1 1 1 1.953125 ms 1953125 ms
i ) 0 1] 3.50625 ms 350625 ms
1 1] 0 1 7.8125ms _ 18125 ms
1 0 1 0 15.625 ms 15.625 ms
1 90 1 1 31.25ms 31.25ms
1 1 ¢ 0 62.5ms 62.5 ms
1 1 0 1 125ms 125 ms
1 1 1 Q 250 ms 250 ms
i 1 1 1 500 ms 500 ms

Dv: These three bits are used to control the Divider/Prescaler on the Real
Time Clock. While the 82C235 RTC can operate at frequencies
higher than 32.768KHz, this is not recommended for battery powered
operation due to the increased power consumption at these higher
frequencies.
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Table 6-12. Divider/Prescaler Control Bits

Divider/Prescaler 2

Divide/Prascaler { Divider/Prescaler0  OscillatorFraquency  Mode

0

0 0 4.194304 MHz _ Operate

0 1 1.048576 MHz __ Cperate

1 1) 32768 KHz Operate

0
0
1

1 X Reset Divider

uPL

Update in progress flag is a statns bit vsed to indicate when an update
cycle is about to take place. A one indicates that an update cycle is
taking place or is imminent. UIP goes active (High) 244us prior to the
start of an update cycle and remains active for an additional 2ms while
the update is taking place. The UIP bit is read only and is not affected
by a system reset. Writing a one 1o the SET bit in Register B inhibits
any epdate cycle and then clears the UIP status bit.

Figure 6-7. Register B (0BH) « Read Only
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The Real Time Clock can be instructed to handle daylight savings time
changes by setting this bit 10 a one. This enables two exceptions to the
nomal time-keeping sequence to occur. Setting this bit to a zero

disables the execution of these two exceptions.

24112 contro! bit is nsed to establish the format of both the Hours and
Hours Alarm bytes. If this bit is a one, the Real Time Clock interprets
and updates the informatien in these two bytes using the 24-hour
mode. This bit can be read or written by the CPU and is not affected
by a system reset,

Update-ended interrupt enable bit enables the UF (update end flag) bit
in Register C to assert interrupt request. This bit is cleared upon a
system reset.

The generation of alarm interrupts is enabled by setting this bitto a
one, Once this bit is enabled the Real Time Clock generates an alarm
whenever a match ocours between the programmed atarm and clock
information. If the “don’t care™ condition is programmed into one or
more of the Alarm Registers, this enables the generation of periodic
interrupts at rates of one second or greater. This bit is cleared by a
system reset.
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The Periodic Interrupt Enable Bit controls the generation of interrupts
based o the value programmed into the RS3-RS0 bits of Register A.
This allows the user 1o disable this function without affecting the
programmed rate. 'Writing a one 10 this bit enables the generation of
periodic interrupts. This bit is cleared to a zero by a system reset.

‘Writing a zero to this bit enables the Update Cycle and allows the Real
Time Clock to function normally. When set to a one, the Update
Cycle is inhibited and any cycle in progress is aborted. The SET bit is
not affected by 2 system reset,

Figure 6-8. Register C (OCH) Read Only
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UF:

The update-ended flag bit is set after each cycle. When the UIE bit is
a ong, the one in UF causes the IRQF bit to be a one, asserting IRQ,
UF is cleared by a Register C read or by a system reset.

A one appears in the AF bit when ever a match has occurred between
the time register and alarm register during an update cycle. This flag
is also independent of its enable (AIE) and generates an interrupt if
AlE is true.

‘The Period Interrupt Flag is set to a one when a transition, which is
selected by RS3-RS0, occurs in the divider chain, This bit becomes
active, independent of the condition of the PIE control bit. The PF bit
then generates an interrupt and sets IRQF if PIE is a one.

The Interrupt Request Flag is set to 2 one when any of the conditions
that can cause an interrupt is true and the interrupt enable for that
condition is true. The condition that causes this bit to be set also
generates an interrapt. The logic expressions for this flag are:

IRQF = (PF & PIE) + (AF & AIE) + (UF & UIE)

This bit and all other active bits in this register are cleared by reading
this register or by a system reset. 'Writing to this register has no affect
on ihe conienis,
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Figure 6-9. Register D (ODH} Read Only
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VRT:  The Valid RAM and Time Bit indicates the condition of the contents
of the Real Time Clock. This bit is cleared to a zero whenever the PS
input pin is low. This pin is normally derived from the power supply,
which supplies Vec to the device and allows the user to determine
whether the registers have been initialized since power was applied to
the device. -PS has no effect on this bit and it can only be set by
reading Register D. All unused register bits will be zero when read
and are not writable.

Update Cycle

During normal operation, the Real Time Clock performs an update cycle once
every second. The performance of an update cycle is contingent upon the

' divider bits DV<0:2> not being cleared, and the SET bit in Register B being

" cleared. The function of the update cycle is to increment the clock/calendar

registers and compare them to the Alarm Registers. If 2 maich occurs between
the two sets of registers, an alarm is issued and an interrupt is issued if the alarm
and interrupt control bits are enabled.During the time that an update is taking
place, the fower ten registers are unavailable to the CPU. This is done to
prevent the possible corruption of data in the registers or the reading of incorrect
data. To avoid contention problems between the Real Time Clock and the CPU,
a flag is provided in Register A to alert the user of an impending update cycle.
This Update In Process Bit (UIP) is asserted 244us before the actual start of the
cycle and is maintained until the cycle is complete. Once the cycle is complets,
the UIP bit is cleared and the Update Flag (UF) in Register C is set. Figure 5-8
illustrates the update cycle. CPU access is always allowed to Register A
through D during update cycles.
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Figure 6-10.  Update Cycle
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NOTE: . _ . -
1. REGISTER 0-8 ARE UNAVAILABLE TO BE READ OR WRITTEN DURING THIS TWE
2. UF BIT CLEARED BY CPUJ READ OF REGISTER C.

Two methods for reading and writing to the Real Time Clock are recommended.
Both of these methods aflow the user to avoid contention between the CPU and

the Real Time Clock for access to the time and date information.

The first method is to read Register A, determine the state of the UIP bit, If the

UTP is zero, perform the read or write operation, For this method to work

- successfully, the entire read or write operation (including any interrupt service

routines which might occur) must not require more that 244us to complete from

the beginning of the read of Register A to the completion of the last read or
. write operation 1o the Clock Calendar Registers.

The second method of accessing the iower ten registers is to read Register C

once and disregard the contents. Continve reading this register until the UF bit

is a one. This bit becomes true immediately after an update is compieted. The
user then has until the start of the next update cycle to complete g read or write

Power-Up/Down

WMosi applications require the Real Time Clock to remain active whenever the
system power is turned off. To accomplish this the user must provide an
alternate source of power to the 82C235. This alternate source of power is
normally provided by connecting a battery to the Vee supply pin of the device.

A means should he nmvldad for switching hehween the cvctam nnwer ennnlv

SRl 200N Yraeias 2l SIVALCILANLE MW Y SRAL Wi PSRl pRSTY e Sy

and the battery. A circuit such as the one shown in Figure 6-11 may be used to

elirinate power drain on the battery when the entire 82C235 is active. The
circuit shown here allows for reliable transitions between system and battery
power without nndue battery power drain.

Chips and Technelogies, nc. PRELIMINARY

61



B System Interface

Figure 6-11.
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The user should also ensure that the Vin maximum specification is never
exceeded when powering the system up or down. Failure to observe this
specification may reselt in damage to the device,

A pin is provided on the device to protect the contents of the Real Time Clock
and reduce power consumption whenever the system is powered down. This pin
(PWRGOOD) should be low whenever the system power supply is not within
specifications for proper operation of the system. This signal may be generated
by circuitry in either the power supply or on the system board. The PWRGCOD
input disables all unnecessary inputs during the time the system is powsred
down to prevent noise on the inactive pins from causing increased Icc current,
This pin must therefore be inactive for the remainder of the device to operate
properly when system power is applied.

Another pin is provided to initialize the device whenever power is applied to the
82C235. This pin (-PS) does not alter the CMOS RAM or Clock/Calendar
contents but it does initialize the necessary control register bits, Assertion of
-PS disables the generation of interrupts and sets a flag indicting that the
contents of the device may not be valid. A recommended circuit for controlling
the -PS input is also shown in Figure 6-11.

6.5 /O Channel Interface

The 82C235 supports an IBM PC AT-compatible /O channel. It incorporates 2
state machine that produces IO channel bus cycles for ali CPU cycles not
claimed by internal I/O or memory address decode logic.

The state machine synthesizes the address strobe signal (ALE), the bus
command signals (-XIOR, -XIOW, -XMEMR, and -XMEMW), and MODAO
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and MODAZ0. It monitors the state of the -IOCS16 and -MEMCS16 signals to
determine if the device on the bus is capable of 16-bit operations for I/0 and
memory respectively. If a 16-bit operation is attempted with an 8-bit device, the
82(235 performs conversions of 16-bit CPU operations to paxred 8-bit bus

cycles. : -

The 82C235 supports XD-bus peripherals. Internal configuration resistor 44H
controls the SDIRH and SDIRL signals for different peripherals.

Basic ¥/O channel cycle operation occurs as follows:

1. During processor state Ts, internal decodes are examined to determine if a
bus cycle shonld be performed.

2. During the following Ts state, the 82C23S bus controlier initiates the bus
cycle by generating ALE. The bus controller then times out the
COMMAND DELAY interval and asserts the appropriate command output.

3. . Inresponse to the asserted command, the intemal wait-state logic imes out
for the number of processor BUSCLK s before beginning to monitor the
JOCHRDY input. When the IOCHRDY input sampling is active, the bus
controller deactivates the command. I the cycle in progress does not require
conversion cycles, the 82C235 generates processor READY, and the CPU
cycle terminates,

4, I the cycle in progress is a conversion cycle, the conversion logic sets
MODAGQ to logic one and begins to time out the ALE DELAY interval, At
the end of this interval, the bus controller is re-triggered to produce another
cycle as described in (2) and (3). Note that ancther ALE is not generated for
the second cycle.

. 5._ At the end of the second cycle, the 82C235 generates processor READY,

and the CPU cycle terminates. ) -

The 10 channel clock signal, BUSCLK, may be pmgrammed o have a
frequency of either PROCCLK/2 or PROCCLE/ under control of bit 2 of
internal configuration register 41H. All bus timings are with respect to
BUSCLK. Sec Figure 6-12 and 6-13 for the relationship between PROCCLK,
ADRL, BUSCLK, and ALE for different modes. Also see Figure 6-11 for the
1/0 cycle relationship with the programmed bus clock. Detailed timing
diagrams of typical I/O channel cycles are included in Section 10; Timing
Diagrams. .
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Figure6-12.  I{0 Channel Relationships BUSCCLK = PROCCLK+2
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Figure 6-14.  1/Q Channel Default Cycle
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Table 6-13. 110 Channel BUSCLK Periods

16-bit 16-bit 10 8-bit 8-bitlQ

Memory Memory
_ ) . ! Command delay rom ALE=+- <« = 0 12 12 12
2 Commsnd width 2 1112 412 4172

3 Command delay from first X X 112 1172
commend during conversion - .

Note: Numbers are in BUSCLK periods.

The 82C235 supports DMA masters on the I/O channel. A device on an I/O
channel can become master and control I/O channel operations. The -MASTER
line is sampled diring DMA to determine if an external bus master wishes to
control the I/O channel. If the line is active, the 82C235 expects that the
external address buffers have reversed direction. The 82C235 address lines also
reverse direction (they normally drive out during DMA), 50 the internal DRAM
controller can ohtain the address, The memory and O control signals also
reverse while -MASTER is active. X-Bus peripherals (other than 82C235

. controlled ROM) must emit -MEMCS16 or -IOCS516 themselves, The
following diagram shows a function DRAM timing when 82C235 is in Master

Mode.
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Figure 6-15.  Master Mode DRAM Timing
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The -REFRESH line is also bi-directional in the master environment. X the
master holds the /0 channel more than 15us, it should initiate a refresh cycle.
It accomplishes this by holding the -REFRESH line active untif the 82C235
refresh state machine asserts -XMEMR.

6.6  Power Management

Power management circuitry reduces system power consumption by slowing or
stopping the processor clock (PROCCLK) during idle periods. A non-static
CPU design allows the processor clock to be slowed down, while a static CPU
design allows the processor to be stopped completely.

Internal configuration register 46H, bits 3-2, are used to reduce the frequency of
PROCCLK by dividing the CPUX1 input clock signal by two, four, or eight.
Note, however, that PROCCLX returns to its normal frequency (CPUX1) during
DMA or refresh operations (see Figure 6-16). During Steep Mode, PROCCLK
reflects the frequency programmed into internal configuration register 46H, bits
1-0. The default value of bits 1-0 halts PROCCLK.
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Figura 6-156.  Clock Management
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CPUX1 E rz -
CPUX1
123 —
CPUX1
! 178 =
 oreeto LELRfARe ;EEE':&”?E‘:;E frpme—p  PROCOLK
FREQUENCY  SOURCE
LT m RAUN MODE
HALT
ICR46,7
CPUX1 > 1 )
AN S L
i ,GPU}(1 ) 14 - -
J cPUX1 e .
IC 3:2
Note: Any Interrupt, NMi, or Reset will put this clock back into Run Mode.
= Figure 6-17 indicates how PROCCLK behaves during sleep mode
implementation.
If a static CMOS processor is used in the system, PROCCLK can be halted
completely using intemal configuration register 46H, bit 7, 10 enable sleep
mode. If sleep mode is enabled, 8 HAL'T instruction will put the 82C235 into
sleep mode and CPU power consumption will be reduced to standby levels.
Sleep mode is aborted by all interrupts, maskable or not, and reset conditions.,
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Flgure 6-17.  Sleep Mode
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Section 7

Configuration Registers

74

Internal Configuration Registers

Internal configuration registers (JCRs) control the enhanced options of the

- 82C235. ICRs are accessed by addressing an index register at Port 22H, and by
immediately writing or reading data to or from Port 23H. The 82C235 containg
ICRs at index values 40H through 4FH. In the following definitions, power-on
default states of the registers are given. All ICRs are read/write except as noted.
AR reserved bits must be written as zero unless noted (the results are
onpredictable). The value read from a reserved bit is not defined.

Index

Descriptlon/Bit State

01H

The clock and wait-state conirol subsystem performs two functions: control of
the DMA command width and selection of the DMA. clock rate.

7-6

Reserved.

54

16-bit DMA WATT-STATE 1:0. These bits control the number of wait-states
inserted during 16-bit DMA transfers. The following table describes the
settings and operatiorn.

00 = One wait-stare {default)

01 = Two wait-states

10 = Three wait-states

11 = Pour wait-states

8-bit DMA WAIT-STATE 1:0. These bits control the number of wait-states
inserted during 8-bit DMA trensfers. The following table describes the scttings
and operation.

00 = One wait-state (default)

01 = Two wait-states

10 = Three wait-states

11 = Four wait-states

DMA XMEMR EXT DIS. The assertion of -XMEMR is delayed by one DMA
clock cycle later than -XIOR in the IBM PC AT. This may not be desizable in

sOme systems,

0 = Enables extended -XMEMR function (default).

I}ZDisabIesextmded -XMEMR function (starts -XMEMR at the same time 23
-XIOR).

DMA CLOCK SEL. This bit allows the user 1o program the DMA clock 1o
operate at either CPUX1/4 or CPUX1/2,

0= CPUX1/4. Drives both 8 and 16-bit operations {default}.
1=CPUX1/2.

Note T bit 0 is changed during operation, an internal synchronizer controls the
actual switching of the clock to prevent a short clock pulse from causing a
DMA malfunction.

Chips and Technologies, inc.
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]
Index 490H Version Register
Index Bit Dascription/Bit State
40H Read Only.
74  Family type 3-0 identifies the specific part within a pin-compatible family. The
- family type of the 82C235 is zer0,
30 Device revision cods 3-0 identifies the revision level of the 82C235 silicon.
I—
Index 41H  Clock Control Register
Index Bit Description/Bit State
41H 7-3  Reserved.
2 BUSCLKSEL.
O = selects BUSCLK as PROCCLK/4 (default).
- ) 1 =selects BUSCLK as PROCCLK/2.
1-0 RFSHCMDW 1-0. These bits specify the command pulse width during a
refresh cycle. These pulse widths are derived from OSC.
00 = 140ns
01 =210ns
10 = 280ns (defaulr)
11 =350ns
8
fndex 42H Reserved Register
Index Bit Description/Bit State
42H Reserved
|
indax 43H Reserved Register
index Bit Description/Bit State
- 43H Reserved.
PRELIMINARY + Chips and Technologies, inc.
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I
index 44H  Peripheral Control Register
index Bit Description/Blt State
44H This register controls whether peripherals are on the XD-bus or the SD-bus.

The SDIRH and SDIRL SD-bus controls sre affectad by bits in this register.

Reserved,

CHIPS VIDEQ ON THE XD-BUS. When this bit is high, a CHIPS video

- controller is resident on the XD-bus. The 1) address ranges covered for the

video controlier are 0102H-0104H, 03B0H-03DFH, and 46E8H. Memory
address ranges sre hetwaen AQMOOH and RFFFFH

0= CH[PS video controller is on the SD-bus (default).
1 = CHIPS videc controller is on the XD-bus.

GAME PORT ON THE XD-BUS. When this bit is high, game port is resident
on the XD-bus. The IO address range covered for the game portis
0200H-0207H.

0= game port on the SD-bus (defauls).

1 = game port on the XD-bus.

SERIAL PORT CHANNEL 2 ON THE XD-BUS. When this bit is high, serial
port 2 is resident on the XD-bus. The IO address range covered for serial port
2 is 02FSH-02FFH.

0 = serial port 2 on the SD-bus (default).

1 = serial port 2 on the XD-tus.

SERIAL PORT CHANNEL 1 ON THE XD-BUS. When this bit is high, serial
port 1 is resident on the XD-bus. The IO address range covered for serial port
1is 03F8H-03FFH.

0 = serial port 1 on the SD-bus {default).

1 = serial port 1 on the XD-bus,

PARALLEL PORT ON THE XD-BUS, When this bit is high, a parallel port is
resident on the XD-bus. The address range covered for the paxal}el portis
0378H-037FH.

0 = paralie] pori on the SD-bus {defauit).

1 = parallel port on the XD-bus.

HDC/FDC ON THE XD-BUS. When this bit is high, the hard drive and
diskette drive controllers are resident on the XD-bus. The /O sddress renge
covered for HDC/FDC is 01FOH-01F7H and G3FOH-03F7H.

0=HDC/FDC on the SD-bus (default).

1 = HDC/FDC on the XD-bus.

Reserved.
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Index 45H  Miscellaneous Status Register

index Bit

Dascription/Bit State

45H

Read Only.

NMI DISAELE. This bit indicates the current state of the NMI disable bit of
IO port 70, bit 7. Bit 7 of /O port 70 is write only,

0 =NMI enabled.

1 =NMI disabled.

GATEA20 FROM 8042. This bit indicates the current state of the GATEA20
input from the 8042 keybosrd controlier.

0=GATEA20 is low.

1 = GATEA20 is high.

BUSY TO 80286. ‘This bit indicates the current state of the laiched
coprocessor busy status.

0 = coprocessor busy.

1 = coprocessor not busy.

INTERNAL RTC INSTALLED. This bit indicates the state of the -EXRTC
(-DACKS) pin during reset.

© = extemal RTC used.,

1=internal RTC used.

Reserved.

20

SENSE LINES 2-0. These lines (2-0) sensc the power-up state of DACK lines

(2-0), respectively. A logic zero is latched if a TTL logic low is used. A logic

one is latched if a TTL logic high is used, These Jines can be used for user
_defined power-On setup parameters.

0= corresponding -DACK linepulled low.,

1 = corresponding -DACK line pulled high.

Index 46H Power Management Register

" Index  Bit

" Description/Bit State

46H

This register controls power management features, It controls sleep mode

functions &nd PROCCLK frequency under sofiware control. The PROCCLK

frequency can be reduced when CPU speed is not critical. This resulis in
_power savings.

7

SLEEP ENAELE. This bit enables sleep mode. If this bit is set, slecp mode
will be entered upon execution of a HALT instruction.

G = sleep mode disabled (default).

1 = slesp mode enabled.

AUX PARITY DISABLE (read/write). This bit, in confunction with the parity
disable bit (PARITY DISABLE) of 10 port 61H, is used to disable parity error
contributions o the NMI. The bitis logically ORed with the PARITY
DISABLE bit. Thus, system parity is disabled if either this bit (AUX PARITY
DIS) or the PARITY DISABLE bit is set to a logical one,

0 = auxilisry parity check is enshled (defauit).

1 = auxiliary parity check is disabled.

54

Reserved.

32

RUN FREQ. These bits select the frequency of the PROCCLK signal to the
80286 CPU when in normal rnm mode.

00 = CPUX] (default)

01 = CPUX1/2

10=CPUX1/4

11 = CPUX1/8

i-0

SLEEP FREQ. These bils select the fraquency of the PROCCLK signal 1o the
80286 CPU when in sleep mode.

00 = high-level DC (default)

01 =CPUX1/2

10 =CPUX1/4

11 =CPUX1/8
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I
Index 47H  Reserved Register

Indax Bit Description/Bit State
47H Do not write to this register.

I
index 48H ROM Enable Register

Indax Bit Dascriotion/Bit State

48H Fhis register is used to select the address ranges to be included in the -ROMCS
output. The power-on default address range is GFOO00H-OFFFFFH. The range
from FEOOOOH to FFFFEFH is always enabled.

T  OF3000R-OFFFFFH ROM ENABLE. This bit asserts ROMCS® for accesses o
mcse ranges.
0= dlsables -ROMCS for the above range.
1 = enables -ROMCS for the above range {(default).

6  OF0000H-OF7FFFH ROM ENABLE. This bit asserts -ROMCS for sccesses to
these ranges.

N Xt s DYOVRAD O al o
V= QISALHGS =DASIVIW-OD lU.l [T =3 EII)VG n:msc

1 = enables ROMCS for the above range (default).

5  OESO00H-OEFFFFH ROM ENABLE. This bit asserts -ROMCS for accesses to
these ranges.
0 = disables -ROMCS for the above range (default),

- .o 1= -n-k‘h.n BORACOES £rr o‘h. ahava ramna

TRV AT RN AW Nt kG s

4  OEQ000H-OETFFFH ROM ENABLE. This bit asserts -ROMCS for accesses to
these ranges.
0 = disables -ROMCS for the above range (defanls).
1 = enables -ROMCS for the above range.

NATOANNIT ATMVMECEEIT DAL PRATATIT T MM Lt e TIALEA S oo o
VI OUUIE-VA/OT L L AV CINADILE. IS bit B53ETIE -.I.\UJ;V.IL-D I.UI BALISCS

to these ranges.
0= disables -ROMCS for the above range (defauls),
1 = enables -ROMCS for the above range.

2 ODO00OH-OD7FFFH ROM ENABLE. This bit asserts -ROMCS for accesses
to thece ranoee,
0 = disables -ROMCS for the above range {default),
1 = enables -ROMCS for the above range.

1 OC8000H-OCFFFFH ROM ENABLE. This bit asserts -ROMCS for accesses
to these ranges.
6 =disables -ROMCS for the above range (defanlt).
1 = enables -ROMCS for the above range.

0 GCO000OH-OCTFFFH ROM ENABLE. This bit asserts -ROMCS for accesses to
these ranges.
0 = disables -ROMCS for the above range (default).
1 = enables -ROMCS for the shove range.

(0]
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Index 49H RAM Write Protect Register

Index

Bit

Description/Bit State

49H

~J

This register is used to write protect portions of RAM addresses.
OF3000H-OFFFFFH RAM READ ONLY. This bil rnakes this address range
read only.

0 = enebles read/writs operations for the sbove range (default).

1 = enables read only operations for the above ranpe.

OF0000H-OF7FFFH RAM READ ONLY. This bit makes this address range

fcad oniy.

0 = enables readfwrite operations for the above range (defautt).

1 = enables read only operations for the above range,
OESOOOH-OEFFFFH RAM READ ONLY. This bit makes thic address range
read only.

) = anahlor resdfowite nnaratinme fovr tha shnus renoe (dafanith
T SDRSICE TR/ WIS OPEIRACNE 10T IoS AOOVE IENge (Catl,.

1 = enables read only operations for the above range.

OEO0DOH-OE7FFFH RAM READ ONLY. This bit makes this address range
read only.

0 = enables read/write operations for the sbove range (default).

1 = enables read only operations for the above range.

0D2000H-CDFFFFH RAM READ ONLY, This bit makes this address range
read only.

0 = enables read/write operations for the above range (default).

1 = enables read only operations for the shove range.

. ODOOGOH-ODTFFFH RAM READ ONLY. This bit makes this address range .-

read only.
0 = enables read/write operations for the above range (default).
1 = enables read cnly operations for the sbove range.

OC8000H-OCFFFFH RAM READ ONLY. This bit makes this address range

. read only.

0 = enables read/write operations for the above rangs (defaulr).
1 = enables read only operations for the above range.

OCDO00H-OCTFFFH RAM READ ONLY. This bit makes this address range
7ead only.

0 = enables read/write operations for the above range (default).

1 = enabies read oniy operations for the above range.

PRELIMINARY . Chipe and Technologies, Inc.
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Index Bit Description/Bit State

4AH This register controls whether shadow RAM is enabled or disabled for
individual 16KB sepments of the address range from OAO000H 1o OBFFFFH.

OBCO00H:0BFFFFH SHADOW RAM.
0 = disables this 16KB segment {default).
1 = enables shadow RAM in this I6KB segment.

OB30C0H:0BBFFFH SHADOW RAM.
0= disables this 16KB segment (default).
1 = enables shadow RAM in this 16KB segment,

0B4000H-0B7FFFH SHADOW RAM.
0 = disables this 16KB segment (dzfault).
1 = enables shadow RAM in this 16KB segment.

0BOOOOH:0B3FFFH SHADOW RAM.
0 = disables this 16KB segment (defauls).
1 = ensbles shadow RAM in this 16KB segment.

OACO00H:0AFFFFH SHADOW RAM.,
0 = disables this 16KB segment (default).
1 = enab]es shadow RAM in this 16KB seement.

Q0ABOOUH:0ABFFFH SHADOW RAM.
0 = disables this 16KB segment (default).
1 = enables shadow RAM in this 16KB segment.

0A4000H:0A7FFFH SHADOW RAM.

0 = disables this 16KB segrment (default).

.1 = enables shadow RAM i this 16KB segment.

OAOOODH:0A3FFFH SHADOW RAM.
0 =disables this 16KB segment (default).

1 = enables shadow RAM in this 16KB segment.
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Index 4BH Shadow RAM Enable 2 Register
index  Bit Description/Bit State
4BH This register controls whether shadow RAM is enabled or disabled for

(W aias)

.

individuai 16KB segments of the address range from GCO000H 1o ODFFFEH.

ODCO0OH:0DFFFFH SHADOW RAM.
0 = disables this 16KB segment (defaulr).
1 = enables shadow RAM in this 16KB segment.

OD8000H:0DBFFFH SHADOW RAM.
Q== disables this 16KB segment (default).
1 =enables shadow RAM in this 16KB segment.

OD4000H:0D7FFFH SHADOW RAM.
O =disables this 16KB segment (default).
1 = enables shadow RAM in this 16KB segment.

I 1Y

ATVAANANLT.ATVIEEEIT SITATWVAI D ALY
WILANAAAIL LWL/ L LR SILPAATTY D3IVl

0 = disables this 16KB segment (default).

1 = enables shadow RAM in this 16KB segment. -

OCCO00H:0CFFFFH SHADOW RAM.
0 = disables this 16KB segment (default).
1 = enables shadow RAM in this 16KB segment.

OC8000H:0CBFFFH SHADOW RAM,
0 = disables this 16KB segment (defanlt).
1 = enables shadow RAM in this 16KB segment.

0C4000H:0C7FFFH SHADOW RAM.
0 = disables this 16KB segment (defanlt).
1 = enzbles shadow RAM in this 16KB segment.

0CO000H:0C3FFFH SHADOW RAM.
{0 = disables this 16KB segment (defaulr).
1 = enables shadow RAM in this 16KB segment.
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index 4CH Shadow RAM Enable 3 Register

Index

Bit

Description/Bit State

4CH

This register controls whether shadow RAM i enabled or disabled
for individual 16KB segments of the address range from OEQO00H to

OFFFFFH.

OFCO00H:0FFFFFH SHADOW RAM.
0 = disables this 16KB segment (default).
1 = enables shadow RAM in this 16KB segment.

OF8000H:0FBFFFH SHADOW RAM,
0 = disables this 16KB segment (default).
1 = enables shadow RAM in this 16KB segment.

OF4000H:0F7FFFH SHADOW RAM.
0 =disables this 16KB segment (default).
1 « enables shadow RAM m this 16KB segment.

OF0000H:0F3FFFH SHADOW RAM.
0 = disables this 16KB segment (defanir).
1 = enables shadow RAM in this 16KB segment,

OECOCOH:0EFFFFH SHADOW RAM.,
0 =disables this 16KB segment (default).
1 = enables shadow RAM in this 16KB segment.

OES000H:0EBFFFH SHADOW RAM.
O = disables this 16KB segment {default).
1 = enables shadow RAM in this 16KB segment.

OE4000H:0E7FFFH SHADOW RAM.
O = disables this 16KB segment (default).
1 = enables shadow RAM in this 16KB segment,

OEODOOH:0E3SFFFH SHADOW RAM.
0 = disables this 16KB segment (default).
1 = engbles shadow RAM in this 16KB segment.

PRELIMINARY '
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index 4DH DRAM Configuration Register

index Bit Description/Bit State
4DH

7  MASTER DRAM TIMING: This bit specifies whether 12 MHz or 16 MHz
DRAM timings are executed during bus master cycles,
0 - PROCCLK =24 MHz (defanlt)
1-PROCCLK =32 MHz (default)
64 LOCAL DRAM TIMING 2-0. These bits define the Jocal DRAM timing.

BS BE B.‘. Jiming

0 Zzero wait-state with extended RAST
0 0

0 1

1 ONe Processor wait-state
(1] one processor wait-state default (with RAS delay)
(-RAS sxgnn!s sre delayed by one half of a PROCCLK

G’yul: in ihis QL)
| 0 0 2ezo wait-state

other combinations are RESERVED.

3-0 CFG3-0. These bits specify the planar DRAM configuration. The default
value after reset is 0001 (512KB total DRAM).

T DO NOT use for 16 MHz, zero wait state operation

I
Table 7-1. DRAM Configuration

Mix DRAMCFG CFG3:0(hex)  Bank0 Bank 1 Bank2 Bank3  TotslMemory Extended/EMS
index 4EH, Index 4D, Memory
* Bit6 Bits <0:3>
‘ 0 0 o 0 o 0 0 0
0 1 512K 0 0 0 512K 0
0 2 512K 128K 0 0 640K 0
0 3 512K 512K 0 0 IM 384K
‘ 0 4 512K 512K 0 0 IM 0
. 0 5 512K 512K 512K 0 1.5M 512K
. 0 6 512K 512K 512K 512K 2M 1M
. 0 7 Reserved
. 0 8 2M 0 0 1] 2M 1M
0 9 M 2M 0 0 M M
X 0 A 2M oM 2M 0 M 5M
0 B M M - M 2M M ™M
0 [ Reserved
0 D Resarved
0 E Reserved
[1] F Reserved
1 1t 512K 2M 0 0 25M 1.5M
1 2t 512K 2M M 0 45M 3.5M
1 3t 512K 2M 2M 2M 6.5M 5.5M
1 4t 512K 512K 2M 0 3M 2M
3 5t 512K 512K M M 5M 4M

% In these configurations, mephyncalmappmgordarofﬂwbmkshasbemdzmgcdsoﬂxnthesmﬁ:xgaddxmbcgh:udm
the firet 2M honl-, The firct §12K hanl ic after the lact 20 hanl
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Index 4EH  Extended Boundary Register S

indox Bit Description/Bit State
—4EH

-3

Reserved

6 MIXED DRAM CONFIGURATION. When this bit is set, mixed DRAM
configuration is enabled and Table 7-1 DRAM Configuration is used for
memory configuration.

0 = no intermixing
1 =256K/1M intermixing supporting

5 RAM DISABLE 040000H-09FFFFH. This bit disables the 82C235°s internal
DRAM controller for accesses in the range 040000H-09FFFFH. These
accesses are directed to the IO charmel.

0 = enables 040000H-09FFFFH DRAM range (dafault),
1 = disables 0400008 -09FFFFH DRAM range.

4  Special Reserved Bit
Must be set to *1° by BIOS and remain in this state for the 82C235 to operate
correctly.
0= Default state
1 = Must be set

3.0 EXTENDED BOUNDARY. These bits specify the upper boundary of the
extended memory within the total memory defined by the internal
configuration register 4DH (see Figure 6-3)

Bit Extended Momory Boundary

e T S . :

0000 No Boundary (default)

0001 1MB

0010 1.25MB

00611 1.5MB

01 0¢ 2MB

01 01 iMB

0110 4MB

01 11 6MEB

1000 8MB

1 001 10MB

1010 12MB

1 011 14MB

1100 No Boundary

1101 No Boundary

11190 No Boundary

1111 No Boundary
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index 4FH EMS Control Register

Index Bt Description/Bit Stat
4FH

7 GLOBALEMS ENABLE, This bit enables the EMS memory.
N 0= EMS is disabled (default),
1=EMS is enabled.
6 EMS J/O ENABLE. This bit enables access to the EMS J/O ports.
0=EMS /O port access is disabled (defauli).

1 =EMS I/O port access is enabled.

5-1 Reserved.

0 T/OBASE. This bit specifies which IX) pege registers are used to read or wrile
EMS page register contents.

0 = EMS page registers are 0208H, 0209H, and 020AH (default)
1=EMS pege registers are 0218H, 0219H, and 021AH.

7.2 IBM PC AT-Compatible Registers
| |

Port61H  Control Port/Status Register

Index  Bit DescriptionBitState

61H This port controls several system-level functions. The port can be accessed
through any odd 1/ port address between (and including) 61H and 6FH.

7  PARITY CHECK (read only). This bit indicates an error has occurred on the
planar memery.

0 = no error oceurred.
1 = an error occurred. -

5 TMR 2 QUT (read only). This bit rehnms the condition of the timer 2 output.

3  CHCKDIS (read/writc). This bit disables NMI generation for channel check
etrors.

0 = enables NMI {defaulz).
1 =disables NMI.

2  PARITY DISABLE (readfwrite). This bit, in conjunction with the auxiliary
parity disable bit {AUX PARTTY DISABLE) of internal configuration ragistar
46H, is used 1o dissble parity error contributions to the NMI. This bit is

_ logically ORed with AUX PARITY DISABLE. Thus, system parity is
bl disabled if either this bit (PARITY DISABLE) or the AUX PARITY
DISABLE bit is s=t o a logical one.
0 = parity is enabled (default).
1 = parity is disabled.
1 SPKR DATA (readfwrite). This bit gates the output of channel 2 of the
timer/counter,
0 =output is disabled (default).
1 = output is enabled.
0 'TMR 2 GATE (read/write). This bit gates the output of channel 2 of the
timer/coumter.
{) = output is disabled (defanlt),
1 = output is enabled.
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I
Port70H  RTCICMOS Index and NMI Mask Register

index Bit Descripion/Bit Stata

ToH This register is used to access to the RTC and its CMOS RAM, It also masks
NMIs from aceessing the CPU. Bits 6-0 are not used when the external RTC
option is selected.

7  NMIDISABLE (write only). This bit disables the generation of NMIs.
0 = enables generation of NMIs (default).
1 =disables the generation of NMIs, i
6-0 RTCINDX 6:0. These bits are used as index peinters to the 128 locations (114
user RAM, 14 RTC registers) contained in the internal real-time clock.

]
Port71H  RTC Data Register

index Bit Description/Bit State

71H This register is used to transfer data to and from the internal real-time clock,
The RTC register is selected by bit 6:0 of 10 port 70H as described above. If
an external RTC is used, this register must be provided externally.

7-0 _RTCDATA T7:0.

|
Port82H  System Control Register

index Bit Description/Bit State

92H This register is used as a faster alternative for gating A20 and resstting the CPU
rather than using the 8042 keyboard controller. This register is compatible with
1BM PS/2 architecture. - '

7-2  Reserved.

1 FASTGATE A20.
0=MODA20 is forced low.
1 = Address bit A20 (on the CPU) goes directly to the MODAZ20 pin.

0  FAST CPU RESET.

If a zero to one transition occurs, a reset pulse is provided on the CPURST pin
1o reset the CPU. After setting, the stats is maintained after 8 CPU reset so the
BIOS can determine if the reset was caused by a FAST CPU RESET condition.
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Section 8

Pin Description M

Pin Description

8.1 The Input and Output Pin Assignments

This section contains a complete Hsting of all 82C235 signal names, descriptions
of the signals, and the pins on which the signals are found.

I
Table 8-1.  Clock Input and Quiput Signals
Pin Type Nama Description
122 Input 08CX1 Crystal Oscillator Input is a 14.318MHz input either from an external
crystal oscillator or from a parallel resonance, fundamental mode
crysta] that is glso tied 10 QSCX1.
121 Output -O8CX2.. .. Crystal Oscillator Output is the output from the internal crystal
" oscillator. If an external crystal oscillator is used, leave OSCX2
_ unconnected.

3 Input CPUX1 CPU Clock Oscillator Input is an nput used to derive PROCCLE.
CPUX1 is either from an external crystal oscillator or from a parallel
resonance, fundamental mode crystal that i also tied to CPUX?2.

4 Output CPUX2 CPU Clock Oscillator Output is an output from the internal crystal
oscillator. If sn extemal crystal oscillator is used, Jeave CPUX2
unconnectsd.

2 Quiput PROCCLK  Processor Clock is the clock output to the 80286 processor. The
frequency of PROCCLK is twice the processor's intemal clock

. frequency.
56 Ourput BUSCLK Bus Clock is the bus clock output, programmable to one-half or
. one-fourth the frequency of PROCCLK.
s |
Table 8-2. Local BusInterface Signals

Pin Type Name Description

5-18 Bi-directional A00-A13 Address Bus Bits 00 1o Z"! are gmu'aled by the 80286 dunng
processor cycles. During HLDA (bus hold acknowledge), the
82C235 drives the sddress bus. During J/O channel master

- operations, a DMA controller or a microprocessor drives the address
bus. AOO and A20 are driven by the $2C235 during /O channel
master operation.
20-21 Bi-directional Al4-AlS
_2330 Bi-directional Al6-A23 )

58 Bi-directional MODAOQ Modified AOU is the internally Iatched state of address bit A00 routed
to the XD-bus interface instead of A00. The 82C235 toggles this bit
during conversion cycles. MODAO is an input signal during master
mr“nm f!em ﬂ\n Tﬂ t\hmﬂn'!

160 Bi-directional D00 Local Data Bus Biw 00 to 15 compose thc local data bus connected
directly to the processor.
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Table 8-2. Local Bus Interface Signals (continied)

Pin Type Name Description

158 Bi-directional Dol

156 Bi-directional Da2

154 Ri-directional D03

152 Bi-directional D04

150 Bi-directional D05

148 Bi-directional D06

146 Bi-directional D07

159 Bi-directional D08

157 Bi-directional D09

155 Bi-directional D10

153 Bi-directional D11

151 Bi-directional Di2

149 Bi-directional D13 -

147 Bi-directional D14

145 Bi-directional D15

32,31 Input -51,-80 Processor Starus Signals 1 and 2 are active-low inputs from the
80286 that, along with -M/IO, define the type of cycle. -S1 and -50
are tri-stated during a hold acknowledge state.

34 Input -M/IC Memory/IC select is the input from 80286 that distmguishes between
mernory accesses and IO accesses. If -M/IO is high during Ts. 2
memory cycle is in progress. If iow, an 1/0 cycle is in progress.

33 Bi-directional -BHE Byte High Enable is an input from the 80286 during processor cycles
and an output during DMA cycles. -BHE and A00 indicate the type
of bus transfer. -BHE is pulled high internally.

BHE Ao Function
¢ 0 Word Transfer
0 I Odd Byte Transfer
1 0 Even Byte Transfer
1 1 Reserved

37 Cutput -READY  READY is an active-low signal that indicates the end of acysle o
the 80286. -READY is driven by the 82C235 and should be
connected to the 802867s -READY Ene, -READY is & tri-stated
sipnal and a puli-up resister is required,

36 Output HOLD Hoeld Request is an active-high output to the 80286 processor that
requests bus access for a DMA or a refresh cycle. HOLD should be
cormected to the 80286 processor’s HOLD pin.

3. Input HLDA Hold Acknowledge is an active-high input from the 80286 processor
that indicates when the bus has been given up by the processor,
HLDA should be connected to the 80286 processor’s HDLA pin.

143 Ot NME Non-Maskahls Internumt is peneratad g5 2 result of 2 parity emvoror en
I/O channel exror. A low-to-high transition on NMI causes a
non-maskable interrupt at the end of the current cycle. NMI should
be cormected to the 80286 processor’s NMI pin.

144 Cutput INTR Interrupt Request is an sctive-high request to the 80286 that it

suspend the current process and acknowledge the request. INTR
should be connected to the 80286 processor’s INTR pin.

PRELIMINARY
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Tabio 8-3.

Pin Description H

Numeric Processor Interface Signals

Pin Type

Name

Dascription

133 Output

-BUSY

Numeric Processor Busy Status is an active-low output to the -BUSY
input of the 80286 that echoes the state of -BUSY from the 80287,

127 Input

Busy Status is an active-low input that comes directly from the 80287
numezic processor’s -BUSY pin. The signal indicates that the 80287
is cumrently executing & command.

131 Ourput

Numeric Processor Chip Select is an active-low output that goes
dm_y_'ﬁv to the -NPS1 inmat of the 0287 nimeric nencacene _-NPCS

Tiog W =oT SRl LA R RIC GOS0 T SRRl U Ay TAND et

mﬁeaddressdecodcforﬂw&ﬂ%? select, and is active for addresses
OFSH-OFFH.

Error i an active-low input from the 80287 numieric processor that
indicates an 80287 error,

0
%3
?
i

| DO . -4 - NP, RSP Ry

Nuwmetic Processor Reset is an active high Otifpiit Inai reseis ne
80287 numeric processor. NPRSI‘ is activated during power-up and
write operations o 1A port OF1H,

Pin Type

Doscription

108-117 Output

Multiplexed DRAM Address Bits MA 0 to 9 are outputs to the

DRAM: which muct ha iaraly hirffarad end tarminatad

A AN Rk VArAPy WY A AAWAE BRI W G L AR TL LG Y LAALE Wl A AU KDL A A, -

107-104 Cutput

-RAS0-3

Row Address Sirobes 0103 are active-low strobes used as RAS
inputs to the banks of DRAM. Each bank is 18 bits wide (2 bits for
perity). Each byte is addressed with a low or high CAS signal. For
further detaiis, refer to the DRAM section of this data book.

-RARN.2 perform different fimennne in an ancaded RAR onada

N BN Vet rh ALTALLL WhhL A AR AAMAWAIW LS M S A S TR

ReﬂxtoﬂzeDRAchuonofﬂusdocmnemmsuthe

_implementation of this mode.

101 Ourput

Column Address Strobe High is an active-low output to all high byte
DRAMS.

o P 1

. a =1 R
W ULLPUL 1O alt 10w DYyLT

119 Bi-directional

Parity High is the parity bit from the high-order bytes of the DRAMs.
If the bit is high, it indicates there are an odd number of ones in the
high byte, which includes the parity bit itself. Thus, parity is odd.

ii8 Bi-directional

Thany

FARKL

Parity Low is the patity bit from the jow-order bytes of the DRAM:,
If the bit is high, it indicates there are & odd number of ones in the
low byte, which includes the parity bit itself. Thus, parity is odd.

103 Qurput

Memory Write Enable is an active-low output connected 10 all
DRAMs. -MWE is normaliy low, bunslnghforr:adcycl:s This

[PV, . U, [y, SRR [, R L .

SIETAl 15 8150 USEq W conaul Iné meinoTy asia buffers; it controls the
direction of the transceivers that buffer the ROM/DRAM =mrray from
the local data bus.

38 Output

-ROMCS

ROM Chip Select is an active-low output to the EPROM(s).
-ROMCS becomes active for the programmed address range. For

further information, refer 1o Saction 6.2 Memory Jnterface, the

Subsection titled ROM!Shadow RAM Interface.

Chins and Techmologies, Inc.
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|
Table 8-5. I/0 Channel Interface Signals
Pin Type Name Description
60-61 Bi-directional XD00-XDQ1  16-Bit Data Bus is the 16-bit system data bus. 16-bit CPU cycles xre
converted to one 16-bit or two 8-bit bus cycles depending on the
states of -IOCS16 and -MEMCS16. The IO chammel data bus
ah {SD-bus) is buffered from this bus.
63-76 Bi-directional XD02-XD15
= 79 Bi-directional -XIOR 1/0 Read Command is an active-low output used by IfO devices to
put their data an the bus. Thix signal is used by on-board peripherals
as well as the IO channel. During IO charmel master operations
-XIOR is am input command to the peripherals and the 82C235.

80 Bi-directional -XTOW 1O Write Command is an active-low output usaed by IO devices 1o
captm'edataﬁ'ommebus. msagndmusedbymbuspmphcnls
azs well as the [/O channel. Euuug 10 channe] masisr upcaxuuns
-XIOW is an inprut command to the peripherals and the 820235,

77  Bi-directional -XMEMR  Memory Read Command is an active-low output vsed by XD-bus
video memory and IfO channel memory. During I/O charmel master
operations -XMEMR is an iInput commang to the peripherals and the
82C235. During memory refresh cycles -XMEMR is always an
output,

78 Bi-directional -XMEMW  Memory Write Command is an active-low output used by XD-bus
video memory and I/O charmel memery. During IfO channel master
operations -XMEMW is anmpm command to Ihepmphurals and the

... B2C235. L
124 Bi-directional -MREF Memory Refresh Control is an a.cu\rc-low output 1o the I/O channel
: that indicates a refresh cycle. During I/O channel master operations
) -MREF is an input to the pcnphcrals and the 82C235. -MREFisa
tri-state signal and = pull-up Tesisior is required.

57 Cutput ALE Address Latch Enable is an active-high cutput used to latch valid
addresses on the JJO channel. ALE is forced high during DMA
cycles.

41 Input IOCHRDY YO Charnel Ready is used by I/O channel or XD-bus devices to
lengthen their R/W cycles, Nmms]ly. IOCHRDYY is high; it ic pulled

i low for extending the cycle time. This input should be driven by an
open coilector output driver.

42 Input SOCHCK  J/O Chamnel Check is an active-low signal from the [0 channe] used
to trigger an NMI in the 80286 processor in the event of an

- urrecoverable J/Q channe] error.
54-50 Input IRQ03-07  Interrupt Requests 3-7, 9, 10-12, 14-15 sre asynchronous inputs to
the 82C235 interrupt controllers. Thesz requests are prioritized with
IRQO3 having the highest priority and IRQ1S5 the Jowest. The
request line is held active until acknowledged by the processor with
an nterrupt acknowledsee cycle.

49 Input IRQ09

B4-86 Input IRQ10-12
88-87 Input IRQ14-15

90 Input DRQO DMA Requests (-3 and 5-7 are asynchronous requests nsed by
pezipherals to request DMA services. These raquests are prioritized
with DRQO having the highest priority and DRQ7 the lowest. DRQ
must be held active until the corresponding DMA acknowledge
(DACK) line goes active,

48 Input DRQ1

46 Input DRG2

44 __ Input DRQ3 .

92 Input DRQ5

94 Input DRO6

96 Input DRQ7
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Table 8-5. 11O Channel Interface Signals (continued)

Pin Type Name Description
89 Bi-directional -DACKO DMA Acknowledge 0-3 and 5-7 are active-low acknowledge signals
issued by the 82C235 after 2 DMA service request (via a DRQ Iine)
and successful arbitration.
47 Bi-directional -DACK1 o
45 Bi-directional -DACK2
43 Bi-directional -DACK3 o

91 Bi.directional (-EXRTC)}  Exizmal Real Time Clock is zn active-low input during power-on
-DACKS reset. When this signal is pulled low, the inteznal RTC is disabled
and an external RTC can be used. 'When this signal is pulled high,
the internal RTC is used. The 82C235 changes the functions of the
MIP4 and MFPS pins accordingly.
93 Bi-directional -DACK6 Must be pulled up to Vec with & 10K resistor.
.95 Bi-directional (16-bitROM) 16-bit ROM is an active-low input during power-on reset. When this
-DACKT7 signal is pulled low, 16-bit ROM can be used; if this signal is pulled
high, 8-bit ROM can be used. The §2C235 converis 16-bit ROM
cycles into two 8-bit ROM cycles in 8-bit ROM mode operation.

55 Output TC ‘Terminal Count is an active-high output pulse to the I/O channel that
indicates the end of 2 DMA transfer.
h 81 Qutput LOMEGCS Low Meg Chip Select is an active-low output that is a decode of

memory accesses below 1MB. This output is used to generate

B ] memory command signals for the lower 1IMB address range.

- 97 Input -MASTER  Master is an active-low input from the I)O channel’s 16-bit extension.

- : . -MASTER allows a microprocessor or a DMA controller residing on

the IX) channel to control the system address, data, and control lines.

40 Input WS Zero Wait-state is an active-low input from the I/O channel. This
signal allows the present bus cycle to terminate without inserting any
additional wait-states. WS should be driven with an open collector
or & tri-state driver.

- 83 -~ DBidirectional ©  -IOCS16  I/O 16-bit Chip Select is an active-low signal. -IOCS16, an input
- : i . from the 1/0 channel and XD-bus perigherals
- 82 Bi-directional -MEMCS16 Memory 16-bit Chip Sclect is an active-low signal. -MEMCS16, an

input from the I/O channel and XID-bus peripherals, indicates that the
present cycle is 2 16-bit memory cycle. -MEMCS16 is an output for
: bus cycles controlled directly by the 82C235. -MEMCS16 should
-- - ) L : o be driven with an open collector or tri-state driver.
98 Bi-directional MODA20  Modified (Gated) A20 is gated A20 from the §2C235°s gate A20
logic and should be used instead of CPU A20. MODA?0 js an input
during 1O charmel master operations.
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Table 8-6. Miscellaneous Signals
Pin Typo Name Description
137 Output -ADRL.  Address Laich is an active-low output strobe that latches the
sddresses,
138 Output CPURST CPU Reset is an active-kigh cutput that resets the 80286 processor.

CPURST goes active at power-up, when PWRGOOD goes low, or
_ chrring a software controlled fast reset.

=

134 Qutput XRST Peripheral Reset is an active-high output that resets external
peripherals during power-up.

123 Cutpmt SPEKOUT Speaker Data is 2 waveform (the output of channel 2 of the
) timez/counter gated by bit 1 of port 61H) that is routed to a driver
circut, & low-pasg filter, and then to the speaker.

136 Output SDIRH Channel Data Bus Control are cutputs that control the direction of the
data buffer between 82C235 and the /O channel. When the signals
are high (the default), data flows from the system to the 10 channal;

JCHI S O .+ - 2% whenthe signals are low, data flows from the 10 channel to the
. sysiem.

135 Qutput SBIRL Channel Data Bus Control are cutputs that control the direction of the
data buffer between 82C235 and the 1/O charmel. When the signals
are high (the default), data flows from the system to the IO channel;
when the signals are low, data flows from the I/O channel 1o the

- 39 Input PWRGOOD Power Good is an active-high input from the power supply. When

~ thie stanal ie hich it indisates that all naorer ety valtacse hava
i ms.um L Jl.lall' B L PALWAR M bl diih SLLL yuwn-d. .H*Jyl; 'Ullﬂs‘-ﬂ ELER Y

reached their working levels, CPURST (pin 138) and XRST (pin
134) go high when PWRGOOD is low.

141 Bi-directional MFP5 Mnuit Function Pin 5 is & bi-directional pin that has two finctions:

MFP5 is Real Time Clock Chip Select (\RTCCS) in external RTC
mode. -RTCCS is an active-low output in this mode. -RTCCS isz
decode of the IfQ address range G70H-071H.

MFPS5 is Power Sense (PS) in internal RTC mode, PSisan
active-high input in this mode that indicates the state of the battery,

‘The signal should be commecisd io the bamery back-up circuit.
140 Input MFP4 Muld Function Pin 4 is an input that has two functions:

MFP4 is Interrupt Request 8 (IRQO8) in external RTC mode. IRQUS
is an interrupt request (with & priority of 8) from an extemal (type
MC164818) RTC.

MFP4 is 32KHz Oscillator Input {OSCT) in intemal RTC mode.
OSCl should be cormected to a square wave source with a frequency
of 32.768 KHz. This input signzl is used as a clock that times the
internal RTC of the 82C235.

126 Input MFP3 Multi Function Pin 3 is am input pin that is used to reset the CPU
(-CPURST2). This signal, an active-low input from the 8042
keyboard controlier, is usad to generate the CPURST signal 1o the
80286 microprocessor. The signal is under software control.

130 Output MFP2 Multi Function Pin 2 is ant cutput pin that is vsed for 8042 Chip
Select (-8042CS). This signal, an active-low output to the 8042
keyboard controller, is a decode of the J/O address range 060H-06FH.
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I
Table 8-5, Miscellaneous Signals (continued) .
Pin Type Namae Description
129 Input MFP1 Multi Function Pin 1 is an input pin that generates Gate A20
: (GATEA20). This signal, an active-high input from the 8042
keyboard controller, is used by the 82C235 to keep its 0-1IMB
memory address range under software control when the 80286
" _ processor is in real mode. _ ___

. 125 fnput MFP0 Muld Function Pin 0 is an input pin that acts as Interrupt Request 1
(IRO1), Thic signal, am active-high inpot from the 8042 kevhoard
controller, is an interrupt request (with 2 pricrity of 1) nsed by the
82(°235's internal interrupt controller.

19 Voo +5 Volts

62 Vo +5 Volts

102 Yeo +5 Volis

. 139 Veo +5 Volts
1 Vss _Ground
22 Vss Ground
59 Vse Cromnd
99 Vss Ground
120 Vss Ground
142 Vss Ground

Chips and Technologies, inc. 89
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I Pin Description

8.2 Pinouis
This section reveals the relationship between the 82C235 signal names and pins.

’ T b
—~ - - - - .- TJableg7 Alphabetical Pin Definitions

Signal Name Pin Signal Name Pin Signai Name Pin Signal Name Pin
OWS 40 D05 150 IRQ12 86 -RAS3 104
AOD 5 Dos 148 IRQ14 28 READY 37
A0L 6 D07 146 IRQIS 87 -ROMCS 38
A02 7 D08 159 -LOMEGCS 81 -S0 31
A0z g Doz 157 -MAC 34 -51 32
A04 9 D10 155 MAO 108 SDIRH 136
A0S . 10- D1l 153 MA1 19 SDIRL 135
A0S 11 D12 151 MA2 110 SPKOUT 123
AQ7 12 D13 149 MA3 111 TC 55
A08 13 D14 147 MA4 112 Veo 19
. A9 14 D15 145 MAS 113 Veo 62
o Al0 15 -DACKD 89 MAS 114 Vo 102
- All 16 -DACK1 47 MA7 115 Veo 139
‘ Al2 i7 -DACKZ 45 MAS 116 Vss 1
. Al3 18 -DACK3 43 : MAS 117 Vs 22
—_ . Al4 20  ___ -DACKS #1 -MASTER 97 Vss 59
. _LALS o1 -DACKS 93 MEMCS16 82 Vss 99
- . Als 23 -DACK? 95 MFPO 125 Vis 120
- o Al7 24 _DRQO 90 MFP1 129 Vss 142
. . Al§ - 25 -~ _DRQ1 48 _ MFP2 130 XD0o €0
_ Al9 26 DRQ2 46 MFP3 126 XD01 61
.. A20 27 _ DRO3 44 MFP4 140 D02 63
_ A 28 DRQS 92 MFP5 141 XD03 . 64
_ A% 29 . DRO% 94 MODAO 58 XD04 65
—_— A3 30 __DRrRQ? 96 MODA20 98 XDO0S 66
— : __-ADREL 137 -ERROR 128 -MREF 124 XDOs 67
ALE 57 HLDA 35 -MWE 103 AD07 68
-BHE 33 HOLD 36 NMI 143 XDog 59
BUSCIK 56 INTR 144 . -NPBZ 127 XDo9 70
BUSY 133 IOCHCK 42 NPCS 131 XD10 71
-CASH 101 IOCHRDY 41 NPRST 132 XD11 72
- -CASL 100 -IOCS16 83 0SCX1 122 XDi12 73
- , CPURST 138 IRQO3 54 OSCX2 121 XD13 74
- ___ CPUX1 3 TRQO4 53 PARH 119 XD14 75
. CPUX2 4 TROQD5 52 PARL 118 XDl15 76
D00 160 TRQ06 51 PROCCLK 2 -XIOR 79
D01 158 IRQO7 50 PWRGOQD 39 -XIOW 80
D02 156 IRQOS 49 -RASD 107 XMEMR 77
o3 154 TIRQ10 84 -RAS1 106 -AMEMW 78
o4 152 IRG11 83 -RASZ i05 ARST 134
80 PRELIMINARY + Chipe and Technologies, lnc.
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]
Table 8-8. Numerical Pin Definitions
Pin  Signal Name Pln  Signal Name Pin  Signal Name Pin  Signal Name
1_ Vs 41__IOCHRDY 81 LOMEGCS 121 0SCX2
-2 PROCCLK 42 JOCHCK 82 -MEMCS16 122 OSCX1 .
3 CpUX1 43 DACK3 83 JOCS16 123 SPKOUT
4 _CPUX2 44 _DRQ3 84 _IRQI0 124 .MREF
5 A0 45 -DACK2 85 IRQI1 125 __ MFPO
6 A0 46 DRQ2 g8 RO 126 MFP3
7. A2 47 __-DACK1 IRO15 127 ' -NPBZ
8 A03 48  DROI 88 _TRQH4 128 -ERROR
9 A4 49 IRQO 89 -DACKO 129 MFP1
10 A05 50 IRQO7 90 _DROQO 130 MFP2
11 A06 51 _IRQO6 91 _-DACKS 131 _-NPCS
12 A07 52 . IRQOS. . 92 DRQ5 132 NPRST
13 A08 53 TRQO4 93 _-DACKS 133 -BUSY
14 A® 54 _TRQ03 94 DRO6 134 XRST
15 AiD 55 TC 95 _-DACK? 135 SDIRL
16 Al 56 BUSCLK 96 _DRQ7 136 SDIRH
17__AI2 57 _ALE 97 _MASTER 137 _-ADRL
18 A13 58 MODAO 98 _MODA20 138 _CPURST
12 Veo 39 Vs ' 90 Vss 139 Voo
20 Al4 60 XD00 100 _-CASL 140 MFP4
<21 AlS 61 XDOl 101 _-CASH 141 MFPS
2 Vg -~ 62 Ve 102 Ve 144 Vu
_ 23 Al6 63 XD02 103 _-MWE 143 NMI
24 Al7 - 64 XD03 104 _-RAS3 144 INTR
25 __Al18 65 __XD04 105 -RAS2 145 D15
26  Al9 66 XDOS5 106 -RASI1 146 D07
27 _A20 67 XDO6 107 _-RASO 147 D14
28 A2l 68 XDO7 108 MAD 148 D06
20 A2 69 _ XD08 109 MAl 149 D13
30 A23 _70  XDog 110 _MA?2 156 D05
31 -S0 71__XDI10 111 _MA3 151 D12
32 .81 72 XD 112 MA4 152 D04
33 BHE 73 XDi2 113 MAS 153 D1l
34 -MfiO 74 _XD13 114 MA§ 154 D03
35 HILDA 75 __XD14 115 MA7 155 D10
36 HOLD 76 XDI15 116 MAR 156 D02
37 _-READY 77__XMEMR 117 _MA9 157 D09
38 -ROMCS 78 XMEMW 118 _PARL 158 DOl
39 PWRGOOD 79 __-XIOR 119 PARH 159 D08
40 OWS 80 XIOW 120 Vss 160 D00

Chips and Tachnologies, #nc.
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I Pin Description

8.3 Pin Diagram

82C235 Pin Diagram

Figure 8-1.
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System Characteristics

Section 9

System Characteristics

9.1 Physical Characteristics

bia 5-7.  Absoiute Maximum Ratings

N Parametor - '  Symbo!  Min

Max Units
- B Sumniv Valtaca Ve 58 v
Supply Voltage Vee 55 V
Input Voltage Vi -0.5 5.5 Vv
Output Voltage Vo -0.5 5.5 v
Operating Temperamre Top 25 85 C
- ) Storage Temperature o ) Tstc -40 125 C
" Note Permanent device damage may occur if absolute maximum ratings are
exceeded. Functional operation should be restricted to the conditions
described under Operating Conditions.
|
Table 9-2.  Operating Conditions
Parametar Symbol Min Max Units
Supply Voltage _ , Vee 45 5.25 v
- Ambient Temperature ) Ta 0 70 C
|
Table 9-3. Capacitive Characteristics
i Paramator Symbol Min Max Units
2 Input Capacitancet cm 10 PF
}O Capacitance} Cio 20 pF
Output Capacitance? Cour 20 pE
1 fc = 1 MHz unmeasured pins returned to ground.

Chips and Technologies, inc. PRELIMINARY . 9
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B Systam Characteristics

9.2 DC Characteristics

I
Table 9-4.  DC Characeeristics of the 82C235

Parameter Condltions Symbol Min Max Units
Input Low Voltage Vo 0.5 0.8 v
Input High Voltage Vec=35.0 Vi 20 v
CPUX1 Input Low Voltage Vec=50V Vi 0.1xVcc v
CPUX1 Input High Voltage Vee=5.0V Vi 0.9xVee v
Cutput Low Voliage IoL=4.0mA Vou 04 v
Drive for pins
MAGQ:9, RAS0:3, CASL, CASH, PARL, PARH,
ROMCS, XD0:15, DACKO:7, IOC516, MEMCS16,
ADREL, XRST, BUSCLK, MODA(, MODA20,
READY, LDO:15
- Drive forpins - Inc=6.0mA VoL 04 v
-XMEMR, -XMEMW, -XIOR,——X[OW MREF
-MWE, ALE
Drive for all other pins Ior=2.0mA VoL 0.4 v
Output High Voltage Iog=-4.0mA Vou 24 v
Drive for pins
MAO0:9, RASO:3, CASL, CASH, PARL, PARH,
_. ROMCS, XDix15, DACK0:7, IOCS16, MEMCS16,
ADRL, XRST, BUSCLK, -XMEMR, -XMEMW, -XIOR, ™~
-XIOW, -MREEF, MW'E, ALE, MODAG, MODA20
__READY, LDG:15 ~
Drive for all other pins h Iog=-20mA Vou 2.4 v
PROCCLX Output Low Top = 4.0mA VoL 0.2 x Vec v
PROCCLK Output High Iop=-4.0mA Vou 0.8 x Ve v
 Input Leskage Current VI=Vecto OV In. -10 20 LA
Qutout Leakage Current VO=Vec10045V IoL -10 20 BA
Vee Supply Current Vee=50V Inc 80 mA
- CPUX1 =32 MHz &0 mA
CPUX1 =24MHz
Standby Supply Current Vee=35.25 Iccss 50 HA
Vee=3.0 Jocse 20 A
Vec Standby Voltage Vcese 3.0 525 v
84 PRELIMINARY . Chips and Technologies, Inc.
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9.3 AC Characteristics (16 MHz 82C235)

All timing parameters are specified under capacitive load of 50 pF and
temperature of 70 degree C, unless otherwise stated. These timings are for
16MHz, zero wait state, 40% / 60% PROCCLK, and 60 nanosecond DRAMS.

Tinlacs atherwice enecifiad all tha imitc disoneeed in tha {-'n!_llcu.:ng tablag arain

AW ENF

L. g Ht

nanoseconds. Also, the AC specifications mentioned in this document are

subject 1o change,
| Table 9-5.  Reset Timings (16 MHz)
Symbol Parameters Min Mayx
} 1l PWRGOOD Active from Vec High (Vee =4.5V) 100 ps
R 7 CPURST XRST Active from PWRGOOD 50ns
e B CPURST XRST Inactive from PWRGOOD T 1024 x (Fox1/12) __ 1026 x (Tox1/12)
2 PWRGOOD Rise Time (i.0V 10 3.6V) 500 us
5
[ ]
Tabla 9-6. Clock Timings (16 MHz)
Symbol Parameterg~~.- -~ - - - - - - Min Max
1l CPUX! Cycle Time 31
- 112 CPUX1 Rise Timne (Oscillator Input) 5
~ 113 - CPUX1 Fall Time (Oscillator Input) 5
o S 1 . CPUX1 High Time {Oscillator Input & Veof2) 12
’ I 3 - CPUX1 Low Time (Oscillator Input @ Vec/2) 8
Fexl CPUX]1 Frequency DC 32 MHz
" Fox1 OSCX1 Frequency DC 15 MHz
Tox] OSCX1 Cycle Time 35
= ‘21 CPUX1 1o PROCCLK Delay 29
- 22 PROCCLK Rise Time {1.0v to 3.6v) 5
e 123 " PROCCLX Fal! Time (3.6v to 1.0v) 5
- 124 PROCCLX High Time (3.6v) 11
25 PROCCLE Low Time (1.0v) 3
- 126 PROCCLK Cycle Time 31
it 30 PROCCLK to BUSCLK Delay 0 20

Chips and Tachnologies, inc.
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]
Table§-7. DRAM Control (16 MHz)

Symbol Parameters Min Max
- 140 LA Setupto PROCCLK 1 30
- 141 ‘ Row Address Delay fram CPU Address 0 39
o #la Row Address Delay from PROCCLK 0 27
- 142 Column Address Delay from PROCCLK T 0 22
143 -RAS Active Delay from PROCCLK | 0 17
144 -RAS Inactive Delay from PROCCLK T/ 0 20
©Ss -CAS Active Delay from PROCCLK Tl 0 20
46 -CAS Inactive Belay from PROCCLK | 0 18
148 -MWE Active Delay from PROCCLX 3 25
t48A -MWE Active Delay from -50 3 20
51 Read Data Setup Time to PROCCLE | 7
152 Read Data Hold Time from PROCCLK 3
53 - D Bus to Parity Delay (4] 17
54 Write Parity Hold Time from PROCCLK 39
Note: for 16MHz opezation, it is recommended that the RAS, CAS, and MAD:9 signals all have equvalent buffer
delays to the DRAM.,

9.4  Tracking Parameters

.o : In a worst case system analysis, it is not realisdc 1o compare the minimum of

- . one parameter to the maximum of another parameter. A given part will have
- — : signal delays with predictable relationships. These delay times should track one
. . another as the silicon experiences different operating conditions. These tracking
- - - - parameters are relationships between critical signals. They can be used in
s - : system unnnganalysxstogmmmeethauhcumebeﬂwcms:gnalswﬂlfaﬂmthm
- the specified range.
i I
) Table 89-8. Tracking Parameters (16 MHz)
Symboi Farameters Min Max
1El RAS Tracking (t44-143) -2 8
E2 Column Address Tracking (142-145) 7
£3 RAS Hold Tracking (145-144) 3
B4 RAS to Column Address Delay (142-143) -1 11
£S5 Colunm Address to RAS Lead Time (142-t44) 10
$E6 Write Data Setup (£53-145) 5
E7 RAS Address Setup (141-143) 25
86 PRELIMINARY . Chips and Tachnologles, knc.
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]
Table $-9.  8-Bit Bus and ROM Cycle (16 MH:)
Symbol Parameters Min Max
61 -ADRL Active Delay from PROCCLK 4 -2 15
52 -ADRL Inactive Delay from PROCCLK 4 0 15
63 ALE Active Delay from BUSCLK { -10 15
. 163A ALE Active Delay from PROCCLK 0 23
. thd ALE Inactive Delay from BUSCLK T 10 12
164A ALE Inactive Delay from PROCCLK T/l 0 22
165 Command Active Delay from BUSCLK TH) -10 15
155A Command Active Delay from PROCCLK 1 3 42
166 €Command Insctive Delay from BUSCLK T -10 12
166A Command Inactive Delay from PROCCLK T/l 0 22
. 157 SDIR Active Delay from PROCCLK L 0 28
68 MODA?20 Delay from LA20 0 22
169 JAMEGCS Delay from PROCCLK | 0 23
71 XD Bus Sewp Time from PROCCLK | 35
172 XD Bus Hold Time from PROCCLK | 5
73 IOCHRDY Setup Time to BUSCLK T 26
75 -ROMCS Active Delay from BUSCLK T 0 40
{75A -ROMCS Active Delay from PROCCLK 1 0 26
76 -ROMCS Inactive Delay from BUSCLE To.. - .. . - -2 15
(16A ROMCS Inactive Delay from PROCCLK TA 0 26
177 -MREF Active Delay from PROCCLK T 0 31
178 -MREF Inactive Delay from OSC T 0 40
5 79 Refresh Address Valid from -REFRESH 0 50
' 1”0 HOLD Inactive Delav from OSC T 0 31
181 -XMEMR Active Delay from OSC T 0 50
182 = -XMEMR Inactive Delay from OSC T 0 50
- 183 ~ -RAS Active Delay from OSC T 0 50
- 184 -RAS Inactive Delay from OSC T 0 50
185 XD Bus to D Bus Delay 0 30
186 . -MEMCS16 Setup Time to BUSCLK T 30
187 -MEMCS16 Hold Time 1o BUSCLK T } 17
7 188 JOCS16 Setup Time to COMMAND { 30
189 -MEMC516 Hold Time to BUSCLK T 31




M System Characteristics

I
Table 9-10. CPU Interface (16 MHz)

Symbol Parameters Min Max
i1l -S0 and -S1 Setup Time to PROCCLK | 13
iz -30 and -$1 Hold Time from PROCCLK { i
1113 4 Bus Sewp Time to PROCCLK | (1]
114 A Bus Hold Time from PROCCLK | o
15 -BHE Setup Time 1o PROCCLK L 3
tl16 -BHE Hold Time from PROCCLK 1 1
t117 D Bus Active Time to PROCCLK | 5
118 D Bus Inactive Time from PROCCLK | 3
1120 Write Data Hold Time from PROCCLEK 0
121 -READY Active Delay fram PROCCLK T 0 31
1122 -READY Inactive Delay from PROCCLK T 0 31
1123 OWS Setup Time to BUSCLK 32
ti24 OWS Hold Time to BUSCLK 4
128 XD Bus Invalid from COMMAND T 5 25
1129 SAL Valid fom BUSCIX J 10 20
1294 SAQ Valid from PROCCLK 0 _20
1132 -MEMCS16 Active Delay from PROCCLK | 0 40
11324 -MEMCS16 Active Delay from -S0, -S1 0 22
1133 -ADRL snd ALE Active Delay from HIDA T . . 0 40
© 1134 -ADRL and ALE Inactive Delay from HLDA . 0 40
- T H13S -READY Active Delay fom PROCCLK { 2 18
- 136 -READY Inactive Delay from PROCCLK { 2 31
o 1137 DBusbeQBus Delay 0 48
Tabla 5-11. Miscellansous (16 MHz)
- Symbol Paramatars Min Max
- t151 . CPURST Active Delay from PROCCLK -2 21
e 152 . CPURST Inactive Delay from PROCCLK 0 21
e mr 1153 -8042CS Active Delay from ADRL 0 31
- ~ 1163 NPBUSY Active Pulse Width 26
1164 -ERROR Hold Time 1o -NPBZ 30
165 -ERROR Senp Time 1o -NPBZ 10
1167 -BUSY Active Delay from -NPBZ 0 18
168 -BUSY Inactive Delay from -NPRZ. 0 23
1169 RBUSY Inzctive Delay from -XIOW 5 &0
1170 NPRST Active Delay from -XIOW -10 50
171 NPRST Inactive Delay from -XJOW 0 50
1173 __IOCHRDY Setup Time to OSC 20
174 TOCHRDY Hold Time to QSC 17
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Tablo 812, Reset Timings (12 MHz)

System Characteristics W

9.5 AC Characteristics (12 MHz 82C235)

All iming parameters are specified under capacitive load of 50 pF and
temperatre of 70 degree C, unless otherwise stated, These timings are for 12
MHz, zero w:ait state; 40% / 60% PROCCLK, and 80 nanosecond DRAMs.
Uniess otherwise specified, all the units discussed in the following tables are in
nanoseconds. Also, the AC specifications mentioned in this addendum are

Symbol Parametors Min Max
[+ PWRECOON Astive from Voo Hich Voo =45V 100 usg
- 2 CPURST XRST Active from PWRGOOD 50ns
- B CPURST XRST Inactive from PWRGOOD T 1024 x (Tox1/12) 1026 x (Tox1/12)
14 PWRGOOD Rise Time (LOV o0 3.6V) - 500 s
||
Table 9-13. Ciock Timings (12 MHz)
Symbal Parameters. ... . Min . Max
- 1l CPUX1 Cycle Time - 41
- 12 CPUX1 Rise Time (Oscillator Input) g
N e tl3 CPUX1 Fall Time (Oscillator Input) 8
- 4 CPUX1 High Time {Oscillator Input @ Vec/2) 16
tl5 CPUX1 Low Time (Oscillator Input @ Vec/2) 16
Fexl CPUX]1 Frequency DC 24 MHz
Foxl OSCX] Frequency DC 15 MHz
x Toxl 05CX1 Cycle Time - 35
_ 21 _CPUX1 to PROCCLK Delay 29
o B2 PROCCLK Rise Time (1.0v to 3.6v) 8
. 23 PROCCLK Fall Time (3.6v to 1.0v) _ 8
B - 4 PROCCLK High Time (3.6v) 13
- 25 PROCCLK Low Time (1.0v) 11
i 26 PROCCLK Cycle Time 41
- 130 PROCCLK o BUSCLK Delay 0 20
Ghips and Technologies, nc. PRELIMINARY 99
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Table $-14. DRAM Control (12 MHz)

Symbol Paramalors Min Max
140 LA Setup to PROCCLK | 30
i Row Address Delay from CPU Address 0 39
t1la Row Address Delay from PROCCLE Q 41
1“2 Colurmm Address Delay from PROCCLE T 1] 2
143 -RAS Active Delay from PROCCLK | [1] 20
144 -RAS Inactive Delay from PROCCLK T/l 0 20
45 CAS Active Delay from PROCCLK T/l 0 20
46 -CAS Inaciive Delay from PROCCLK | 0 32
143 -MWE Active Delay from PROCCLK 4 3 32
H8A -MWE Active Delay from -S0 3 20
51 Read Data Setup Time 1o PROCCLK 1 7
52~ Resd Data Hold Time from PROCCLX | 6
153 D Bus to Parity Delay 0 31
54 Write Parity Hold Time from PROCCLK | 40
Table 8-15. Tracking Parameters (12 MHz)
Symbo! Parameters Min Max
tE1 RAS Tracking (144-143) -2 8
. (B2 . Colurnn Address Tracking (t42-145) 7
tE3 .. RAS Hold Tracking (145-144) 3
" tE4  RAS 1w Column Address Delay (142-143) -1 11
1E5 Column Address to RAS Lead Time (t42-144) 10
1E6 Write Data Setup (t53-145) 5
j12¥) 25

RAS Address Setup (141-t43)

PRELIMINARY
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I
Table $-16. 8-Bit Bus and ROM Cycle (12 MHz)

Symbol Paramsters Min Max
61 -ADRL Active Delay from PROCCLK J 2 20
" 62 -ADRL Insctive Delay from PROCCLK { 0 20
153 ALE Active Delay from BUSCLK | -10 15
- t63A ALE Active Delay from PROCCLK { 0 23
164 ALE Inactive Delay from BUSCLK T -10 12
BAA ALE Inactive Delay Som PROCCIX T4 0 22
%5 Command Active Delay rom BUSCLK T/l A0 15
165A Command Active Delay from PROCCLK ! 3. 42
. 66 Command Inactive Delay from BUSCLK T -10 12
166A Command Inactive Delay from PROCCLK T/l 0 22
%7 SDIR Active Delay from PROCCLK 1 0 35
e 158. MODAZ20 Delay from LA20 0 22
59 -LMEGCS Delay from PROCCLK 0 23
t71 XD Bus Setwp Time from PROCCLK { 35
T g2 XD Bus Hold Time from PROCCLK { 5
173 IOCHRDY Setup Time to BUSCLK T 26
75 -ROMCS Active Delay from BUSCLK T 2 40
t75A -ROMCS Active Delay from PROCCLK ! 0 26
i t76 -ROMCS Inactive Delay rom BUSCLK T~ - - - 0 - 20°
t76A -ROMCS Inactive Delay from PROCCLK. TH 0 26
77 -MREF Active Delay from PROCCLK T 0 40
78 -MREF Inactive Delay from OSC T 0 42
179 Refresh Address Valid from -REFRESH | 0 57
) 180 " __HOLD Inactive Delay from OSC T 0 40
181 -XMEMR Active Delay from OSC T 0 50
182 XMEMR Inactive Delay from OSC T N 0 _50
183 -RAS Active Delay from OSC T 0 50
184 -RAS Inactive Delay from OSC T 0 50
. 185 XD Bus to D Bus Delay 0 50
N 186 -MEMCS16 Setup Time to BUSCLK T 35
187 -MEMCS16 Hold Time to BUSCLK T 17
188 -IOCS16 Senm Time to COMMAND L ap
189 -MEMCS16 Hold Time to BUSCLK T 40
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|
Table 8-17. CPU Interface (12 MHz)

Symbol Paramaters Min Max

i1l -S0 and -S1 Setup Time to PROCCLK | 22

iz -S0 and -S1 Hold Time from PROCCLK | 3

t113 A Bus Setup Time to PROCCLK | 0

t114 A Bus Hold Time from PROCCLK 0

uis -BHE Setup Time 10 PROCCLK | 5

t116 -BHE Hold Time from PROCCLK | 3

t117 D Bus Active Time to PROCCLK 1 5

t118 D Bus Inactive Time from PROCCLK 4 6

1120 ‘Write Data Hold Time from PROCCLK ! 0

1121 -READY Active Delay from PROCCLK T 0 36

122 ____-READY Inactive Delay from PROCCLK T 0 40

123 OWS Setup Time 1o BUSCIK | 32

124 0WS Hold Time to BUSCLK 4

128 XD Bus Invalid from COMMAND T 5 25

125 SAD Valid fom BUSCLK 4 10 20 .

t129A SA0 Valid from PROCCLK { 0 40

1132 -MEMCS16 Active Delay from PROCCLK 4 0 40

t132A -MEMCS16 Active Delay from -S0, -S1 0 22

133 -ADRL and ALE Active Delay rom HLDA T .. 0 40

t134 -ADRL and ALE Inactive Delay from HLDA | 0 40

1135 -READY Active Delay from PROCCLK 2 24

136 -READY Inactive Delay from PROCCLK 2 40

1137 D Bus 1o XD Bus Delay 0 43

Table 8-18. Miscellaneous (12 MHz)

Symbol Parameters Min Max

1151 CPURST Active Delay from PROCCLK -2 21

152 CPURST Inactive Delay from PROCCLK 0 21

1155 -8042CS Active Delay from ADRL 0 31

1163 NPBUSY Active Pulse Width 26

1164 -ERROR Hold Time to -NPRZ 30

1165 -ERROR Semp Time to NPBZ 10

167 BUSY Active Delay from -NFBZ 0 23

1168 _-BUSY Inactive Delay from -NPBZ 0 23

1163 -BUSY Inactive Delay from -XIOW -5 60
- t170 NPRST Active Delay from -XIOW 10 50
- . 171 NPRST Inactive Delay from -XIOW 0 50

u73 IOCHRDY Setup Time to OSC 20

ti74 IOCHRDY Hoid Time to OSC i7

Led
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Figure 10-1.

8 Timing Dlagrams

Section 10
Timing Diagrams
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Figure 160-2.  ClockInput

CPUX1
Figure 10-3.  Clock Qutput
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Figure 104.  Zero Wait State DRAM
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e~
Figure 10-5.  Zero Wait State with Extended RAS DRAM
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I

Figure 10-6.  One Wait State DRAM
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t
Figure 10-7.  16-Bit ROM Cycle
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Figure 10-8.  8-Bit ROM Cycle
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| |
Figure 10-5.  Memory Refresh Cycle
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Figure 10-10.  Numeric Coprocessor

M Timing Diagrams
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Figure 10-12.  Software Reset
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|
Figure 10-14. IO Channel
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B Physica! Dimensions

Section 11
Physical Dimensions

11.1 System Controller

]
Figure 11-1. 160-Pin Plastic Flat Package

Lead Pitch
0.65 (0.0256)

Non-Accumiative

§ mmel WLhabtds
=Talu PRl

0.03 +/-0.10
{0.012 +/-0.004)

Lead Length

See Noto i

y=:

1 teadlength
T SeeNote 1

!

| Dimensions:
mm (in)

30.7 (1.209)
324 (1.276)

Plastic Flat Pack

Clearance

0.000 (0.000)

—

|

— L q’ "0.600 (0.024)
Sea Note 1 o Max Height
Pin 1 — _Jl-—- 4.2 (0.165)
. 30.7 (1.209)
Footprint — Seating Plane
. torin 324 (1.276)
Notel  Lead Length=0.740.2 (0.028 +0.008) Package Vendor= A
Lead Length = 0.8 £0.2 (0.031 +0.008) Package Vendor =B
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Address Mapping W

Appendix A

Address Mapping

r—

A1 /O Address Maps

The following tables indicate the I/O ports used in the 82C235. Ifan address is
not shown, it is not used. Refer to an IBM PC AT technical reference manual

for reserved locations,
I
PortOHOFH DMA Controlier 1
1O Port Address ReadWrita Description
O000H R/W DMA Channel 0 current address
0001H R/W DMA Channel { current word count
0002H | . B DMA Chansiel 1 current address
0003H __RW _ DMA Channel ! current word count
0004H R/W DMA Channe! 2 current address
0005H R/W DMA Channel 2 current word count
G006H RIW DMA Charnel 3 current address
0007H R/W DMA Charmel 3 current word count
0008H R/W Command/Status Register
0009H R/W DMA Request Register
000AH R/W DMA Single Bit Mask Repister
O00BH R/W DMA Mode Register
: ODOCH R/W DMA Clear Byte Pointer
' 000DH R/W DMA Master Clear
- O00EH R/W Clear Mask Register
- 000FH R/W DMA Write AIl Mask Register Bit
I
Port 20H-21H Interrupt Controller 1
1O Port Addrass RaadWrite Destiiption
0020H W INTCICW1
W INTC OCW?2
W INTC OCW3
R INTC Interrupt Request Register (HR)
R INTC In-Service Repister (ISR)
R INTC Polling Data Byte
0021H W INTCICW?2
W INTC ICW3
W INTC ICW4
W INTC OCW1
R INTC Interrupt Mask Register (IMR)
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Il Address Mapping

I
Port 22H-23H Internal Configuration Registers (ICRs)
10 Port Addross indax Read/Write Description
0022H o W Only _Internal Configuration Index Register
- 0023H R/W Internal Configuration Data Register
01H R/W DMA Wait-state Control Register
40H Read Only  Version Register
41H R/W Chennel Control Register
42H RW Reserved
43H R/W Reserved
44H R/W Pegipheral Control Register
45H RO Miscellaneous Status Register
46H RIW Power Manapement Repister
4TH —_ Ressrved
48 -- - RfW ROM Enable Repister
45H RW RAM Write Protect Register
4AH RIW Shadow RAM Enable Register 1
4BH RIW Shadow RAM Enable Register 2
4CH R/W Shadow RAM Enable Register 3
4DH R/W DRAM Configuration Register
4EH R/W Extended Boundary Register
) &FH - B EMS Control Repistar -
« I
. Port 40H-43H TimeriCounter Registers
YO Port Addrass Read/Write Description
0040H _RW Timer 0 Count Load/Read
0041H R/W Timer 1 Count Load/Read
Tt 0042H RIW Timer 2 Count Load/Read
O043H W Timer Control Word
||
Port 61H-92H Miscellaneous IfO Registers
10 Fort Addrass Read/Write Dascription
0061H . R/W Control/Staus Port
0070H W Real-Time Clock Index and NMI Mask
007IH _ RW Real-Time Clock Data Port
0092H RIW _System Control Port
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Porit 81H-8BH DMA Page Registers

Address Mapping Wl

10 Port Address Read/Write Descripticn
0081H w DMA Charmel 2 Page Register
008Z2H W DMA Channel 3 Page Register
0083H w DMA Chamnel 1 Page Register B
0087H w DMA Chamnel 0 Page Register
0089H W DMA Channel 6 Page Register
003AH W DMA Channel 7 Page Register
00RBH W DMA Channel 5 Page Register
]
Port AOH-A1H Interrupt Controller 2
VO Port Address Read/Write Dascription
Q0ACH W INTCICW1
kil INTC OCW?2 _
W INTC OCW3 -
-R INTC Interrupt Request Register (IR)
R INTC In-Service Register (ISR)
R INTC Polling Data Byte
00A1H W INTCICW2
W INTCICW3
w INTC ICW4
W INTC OCW1
R INTC Interrupt Mask Register (IMR) .
1
Port COH-DEH DMA Controller 2
U0 Port Address Read/Write Dascription
O0COH R/W Channel 0 base and current address
00C2H R/W Channel] O base and current word count
00C4H R/W Channel 1 base and current address
00CsH RW Channe! 1 basc and current word count
00CSH R/W Channel 2 base and current address
00CAH R/W Channel 2 base and current word count
. _00CCH R/W Channe! 3 base and current address
0OCEH R/W Channel 3 base and current word count
QODOH RW Read Status Register/Write Comnd Reg
O0D2H RW Writs Request Register
00D4H R/W Write Single Mask Register Bit
00D6H R/W Write Mode Register
00DSH R/W Clear Byte Pointer Filp-Fiop
00DAH RW Read Temporary Register/Write Msir Cir
OCDCH R/W Clear Mask Register
O00DEH R/W Write All Mask Register Bits
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]
Port OH-1H Coprocessor Registers
VO Port Addross Read/Write Description
O0FOH Clear Co-processor Busy
00F1H Reset Co-processor
]
Port 8BH-AH EMS Page Registers
V0 Port Address Read/Write Description
02x8H R/W EMS Page Register
02x9H R/W EMS Page Register
02xAH R/W EMS Page Register

Note

I
Table A-1.

“x" is equal to 0 or I depending on ICR 4F, bit 0.

A2 Memory Address Map

__The following table indicates the memory addresses used in the 82C235. For

more detailed information about memory addressing, refer to the IBM PC AT

Technical Reference Manual,
Memory Address Map
Mamory Address Read/Write Daseription
000000-09FFFFH R/W System RAM
QADO00-0BFFFFH R/W Yideo Memory or Shadow RAM
DCO000-DEFFFFH R/W BICS extension or Shadow RAM
OF0000-OFFFFFH RIW ROM or Shadow RAM _
“100000-FBFFFFH RIW Expanded or Extended Memory
FCO00-FEFFFFH R Only BIOS extension
FF0000-FFFFFFH RIW ROM
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M 82C235 Revisicn A Slicon

" Appendix B
82C235 Revision A Silicon

B.1 Features

The operation of Revision A 82C235 silicon (marked F82C235 A), differs from
the descriptions provided in the previous sections.

» . . - The following table outlines the functional differences between the 820235
Revision D silicon and the 82C235 Revision A silicon.

1 .
Yoo A W e
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B 82C235 Revision A Silicon

P
Table B-1. Feature Differences Between 82C235 A and 82C235D

Feature/Ragister 82C235 Rovision A 820235 Ravision D

Master DRAM Timing Master DRAM timing is not programmuable in  This bit selects the proper DRAM timing for Master
Revision A silicon. ‘This bit is 8 RESERVED  accesses 1o DRAM.
Index Configuration Register bit in 82C235 A silicon.

4DHBit7 0= 12 MHz (default)
1=16 MHz

Local DRAM Timing These bits define the local DRAM timing as  These bits define the local DRAM timing as shown in the
shown in the following: following:

L ) . B BS B4 Timina B B5S B4 Timing

Ei.fff‘gco"“f.i‘“""“ Register 57 0 0  Zero WaitState 0 0 0 ZeroWaitStae

s & (with Extended -RAS) (with Extended -RAS)
0 0 1 OneWaitSue 0 0 1 OneWaitStae
60 1 0 OneWsitState 0 1 0 OneWaitState with -RAS delay
with -RAS delay 1 0 0 ZeroWaitSure

All other combinations are RESERVED All other combinations are RESERVED

Mixed DRAM configuration ~ The intermixing of 256K and IM DRAM ~ This bit enables the intermixing of 256K and 1M DRAM

] types is not supported in 82C235 A silicon. types per the following table:
Index Configuration Register 4EH This bit is a RESERVED bitin 82C235 A

Bitb silicon. 0= No intermixing allowed (default)
- - . 1 = Intermixing supported vie Table 7-I DRAM
e Configuration fourd in Section 7: Corfiguration
- Registers.
Index Configuration Register 4EH RESERVED . SPECIAL RESERVED. During each system resets, the
Bitd POST routine must writs a logic cne to this bit position.
All subsequent writes to this register must place a logic
one value in this bit position.
JOPort 61H Bit 3 CHCK DIS (read/write bit) CHCK DIS (read/write bit)
- ) " This bit enables/dissbles NMI generation for  This bit enables/disables NMI generation for IO channe]
I/O channe! check emrors. check errors.
" (= Disables NMI generation (defanlt) 0 = Enables NMI generation (default)
1 =Enables NMI zeneraton 1 = Disgbles NMI generation
XRST Active Time The active duration of the XRST output for  ‘The active duration of the XRST output for 82C235 D
82C2335 A silicon is: _ silicon is:
Min Max Units Min Max Units
64 66 PROCCLK cycles 10724 x Tox1 1026 x Tox1 ne
12 12

where Tox1 is the OSCX1 cycle time in nanoseconds

-ROMCS Decode . -ROMCS is asserted for all memory read -ROMCS is asserted for all memory read accesses to the
accesses o the FCOOO0H to FFFFFFH range  FEOOOOH to FFFFFFH range of addresses.
of addresses.

Note: ATl RESERVED bits must have a logic zero written to them for all write accesses.
All SPECIAL RESERVED bits (JCR 4EH, Bit 4) must have a logic one written during all system resets and for all subsaquent write
ACCCESES,

122 PRELIMINARY . Chips and Technologles, inc.




B.2 AC Characteristics

I 82C235 Revislon A Silicon

All timing parameters are specified under capacitive Ioad of 50 pF and
temperature of 70 degree C, unless otherwise stated, These timings are for
12 MHz, zero wait state, 45% / 55% PROCCLK, and 80 nanosecond DRAMS.

Unless otherwise stated, the units of these AC specifications are in nanoseconds

, and are subject to change.
I
Table B-2. Reset Timing (12 MHz)

Parameters

Max

PWRGOOD Active from Voc High (Vee =4.5V)

CPURST XRST Active from PWRGOOD T

100 us

50

CPURST XRST Inactive from PWRGOOD T

64 66 PROCCLK cycles

-~ PWRGOOD Rise Time (1.0V to 3.6V)

500 us

Symbaoi

Parameaters

S 111

CPUX1 Cycle Time .

41

112

CPUX1 Rise Time (Oscillator Input)

CPUX1 Fall Time (Oscillator Input)

R 114

CPUX1 High Time (Oscillator Input @ Vcc/2)

16

1 ]

CPUX1 Low Time (Oscillator Input @ Vec/2)

16

Fexl

CPUX]1 Frequency

24 MHz

Foxl1

OSCX1 Frequency

15 MHz

Tox1

0OSCX1 Cycle Time

35

CPUX1 to PROCCLK Delay

PROCCLK Rise Time (1.0v 1o 3.6v)

PROCCLK Fall Time (3.6v to 1.0v)

- PROCCLK High Time (3.6v)

13

PROCCLK Low Time (1.0v)

il

PROCCLEK Cycle Time

41

ZRBIEBIRIR

PROCCLK to BUSCLE Delay

Chips and Technologies, lnc.
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B 820235 Revislon A Silicon

|
Table B-4. DRAM Contro!

Symbol Parameters Min Max
1 Row Address Delay from CPU Address 0 35
142 Column Address Delay from PROCCLK T 8 22
143+ -RAS Active Delay from PROCCLK 1 8 20
44t -RAS Inactive Delay from PROCCLK T7l 6 20
154 - -CAS Active Delay from PROCCLK T/l g 20
6 -CAS Inactive Delay from PROCCLK | 6 32
48 -MWE Active Delay from PROCCLK 3 32
151 Read Data Setup Time 10 PROCCLK L 5

52 Read Data Hold Time from PROCCLK 6

153+ D Bus to Parity Delay 0 17
54 Write Parity Hold Time from PROCCLK [ 31

1 Timings for 12 MHz, zero wait state, 45% / 55% PROCCLX, and ustng DRAMs with the following parameters:
RAS Precharge Time ((RP) = 60 ns max.
CAS Access Time (ICAC) =25 ns max.

I
Table B-5. 8-Bitand ROM Cycle

Symbol - - Parameters - . Min Max
1651 -ADRL Active Delay from PROCCLE | 3 20
T 162 -ADRL Inactive Delay from PROCCLK 3 20
163 ALE Acrive Delay from BUSCLK -10 10
164 ALE Inactive Delay from BUSCLK T -10 12
165 Command Active Delay from BUSCLK /) -10 13
166 Command Inactive Delay from BUSCLK T -10 15
57 SDIR Active Delay from PROCCLK 0 43
171 XD Bus Senup Time from PROCCLK | 35
172 XD Bus Hold Time from PROCCLK | 5
173 IOCHRDY Setup Time to BUSCLX. T 26
175 -ROMCS Active Delay from BUSCLK T 0 40
176 -ROMCS Inactive Delay from BUSCLK T 0 20
77 -MREF Active Delay from PROCCLK T 0 40
{78 -MREF Inactive Delay from OSC T 0 42
79 Refresh Address Valid from -REFRESH | 0 57
80 HOLD Inactive Delay from OSC T 0 40
181 -XMEMR Active Delay from OSC T 0 50
182 -XMEMR Insctive Delay from OSC T 0 50
183 -RAS Active Delay from OSC T 0 50
t34 -RAS Inactive Delay from OSC T 0 50
185 XD Bus to D Bus Delay 0 58
35 MEMOS1E Satun Time 1o BUSCLE T as
187 -MEMCS16 Hold Time to BUSCLK T 17
138 -JOCS16 Setop Time to COMMAND 1 30
189 -MEMCS16 Hold Time to BUSCLK { 31
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Table B-6. DMA Timing

I 82C235 Revision A Sllicon

Symbol Parameters Min Max
90 DRE() Setup Time to PROCCLK 4 20
91 HLDA Setup Time 1o PROCCLK | 20
192 Address Valid Delay from PROCCLK { 0 35
93 -DACK Active Delay from PROCCLK | 0 40
194 -DACK Inactive Delay from PROCCLK { 0 40
195 Command Valid from PROCCLK | 0 50
196 Command Active Delay from PROCCLK | 0 50
197 Command Inactive Delay from PROCCLK 4 0 50
03 Command Invalid from PROCCLK 0 40
199 TC Active Delay from PROCCLK 4 0 50
1100 TC Inactive Delay from PROCCLK | 0 50
|
Table B-7. CPU Interface

Symbol Parameters Min Max
11 ~$0 and -S] Setup Time to PROCCLK 1 22

) 1112 ~§0 and -S1 Hold Time from PROCCLK "L 3
113 A Bus Setup Time to PROCCLK { 0
t114 A Bus Held Time from PROCCLK. | 0
1115 -BHE Serup Time 1o PROCCLK { 5
1116 -BHE Hold Time from PROCCLK | 9
117 D Bus Active Time to PROCCLK { 5
1118 D Bus Inactive Time from PROCCLK | 6
120 ‘Write Data Hold Time from PROCCLK 1 0
1121 -READY Active Delay from PROCCLK T 0 36
122 -READY Inactive Delay from PROCCLK T 0 40
1 v I OWS Setup Time w0 BUSCLK 1 32
24 - QWS Hold Time 10 BUSCLK . 4
1128 XD Bus Invalid from COMMAND T 5 25
1129 SAQ Valid from BUSCLK -10 20
1132 -MEMCS16 Active Delay from PROCCLK { 0 40
1033 -ADRL and ALE Active Delay from HLDA T 0 40
t134 -ADRL and ALE Inactive Delay from HLDA 0 40
1135 READY Active Delay from PROCCLK { 0 24
1136 -READY Inactive Delay from PROCCLK { 0 40
1137 D Bus to XD Bus Delay 0 74
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I 82C235 Revision A Sllicon

e

Table B-8. Miscellaneous Timing
Symbol Parameters Min Max
151 CPURST Active Delay from PROCCLK 2 22
1152 ' CPURST Inactive Delay from PROCCLK 4 22
t153 -8042CS Active Delay from ADRL 0 40
1163 NPBUSY Active Pulse Width 26
t164 -ERROR Hold Time to -NPBZ 30
t165 -ERROR Setep Time to -NPBZ 10
1167 -BUSY Active Delay from -NPBZ 0 23
1168 -BUSY Inactive Delay from -NFBZ 0 23
169 -BUSY Inactive Delay from -XIOW 0 60
1170 NPRST Active Delay from -XTOW 0 50
1171 NPRST Inactive Delay from -XIOW 0 50

- 1173 TOCHRDY Setup Time to OSC 20

1174 IOCHRDY Hold Time to OSC, 15

Notes: T denotes a low-to-high transition, { denotes a high-to-low transition

- B3 Timing Diagrams - Revision A Silicon
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MODAO
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Figure B-1.  Memory Refresh Cycle - Revision A Silicon
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8 82C235 Revision A Silicen

Figure B-2.  Zero Wait State DRAM - Revision A Silicon
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