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B Introduction

Section 1

Introduction

Features

100% IBM PC AT Cache based 386/AT Compatible CHIPSet
Supports 16, 20, 25 and 33 MHz 80386DX based Systems .
Independent clock to suppart correct AT bus timing

»

Flexible architecture allows usage in any iAPX 386 design

A complete 386/AT Cache based PC AT now requires only 19 IC’s plus
memory

Integrates Cache Directory and CPU/Cache/DRAM Controller on a single
chip to provide PEAK integration and PEAK performance

* Integrated CPU/Cache/DRAM Controller enhances 80386DX CPU and
. memory system performance

*  Averages to nearly zero wail state memory access, | |
s Zero wail state non-pipelined read hit access
*  Zero wait state non-pipelined write access

*  Buiffered-write through DRAM update scheme to minimize write cycle
penalty

®*  Cache hitrate up to 99%
s  Supports 32KB, 64KB, and 128KB two-way set assqciative cache

organization
- DY Lcvien Do i
- L DYLC LG DLLG

* 4 byte sub-line size with associative valid bit

¢ Supports blocks (of variable size - 4KB to 4M} of main memory as
non-cacheable address space

¢ Supports caching of data and code

CHIPS and Tachnologies, Inc. PRELIMINARY o 1-1




B Introduction

The 82C311 CPU/Cache/DRAM
Controller

* Tightly coupled 80386DX interface
¢ Designed to interface directly with the 80386DX
¢  Suppors 16, 20, 25 and 33MHz operation
*  Integrated support for 80387DX a Weitek 3167 coprocessor
*  Flexible memory architecture to support:
*  Memory configurations up to 128 MRB
*  Programmable DRAM wait states

* 256K, IMB, and 4MB DRAMs in configurations of up to 4 blocks and
8§ banks

* Staggered RAS during refresh
Hidden refresh and burst refresh

256K/512K/1M PROMSs

*  Supports shadowing of BIOS EPROMSs

*

The C38233 PEAK/386 AT CHIPSet is a three chip VILSI implementation of
most of the system logic required to implement a CACHE BASED iAPX
386DX based system. The CHIPSet is designed to offer a 100% PC AT
compatible integrated solution. The flexible architecture of the CHIPSet allows
it to be used in any iAPX386DX based system design, such as CAD/CAE
worksiaiions, office sysiems, indusirial and financial transaciion sysiems. The
CS8233 PEAK/386 AT CHIPSet provides a complete CACHE BASED 386/AT
system using only 19 components plus memory devices. The CS8233 PEAK/386
AT CHIPSet consists of one 82C311 CPU/Cache/DRAM Controller, one
82C315 Bus Controlier, and one 82C316 Peripherals Controller. The CHIPSet
supports a Iocal CPU bus, a 32-bit system memory bus, and AT buses as shown
in the system diagram. The 82C311, 82C315, and 82C316 are all available in
160 pin PFP package. Figure 1-1 shows the system block diagram.

The 82C311 provides the peneration and synchronization of control signals for
all buses. The 82C311 also supports an independent AT bus clock, and allows
selection of different processor and AT bus clock speed.

The 82C311 contains a high performance and high integration Cache/DRAM
controller designed to interface directly to the 80386DX microprocessor. By
integrating Cache/DRAM control functions on-chip, simultaneous activation of
cache and DRAM accesses minimize the cache miss cycle penalty.

The 82C311 Cache Controller supports a two-way set associative cache
architecture and cache sizes of either 32KB, 64KB or 128KB. It implements a
buffered-write through scheme and a Least Recently Used (LRU) replacement
algorithm.

PRELIMINARY CHIPS and Technologies, Inc.




82C315 Bus Controller

82C316 Peripheral Controller

Manual Conventions

CHIPS and Technelogies, Inc.

M Introduction

The 82C311 also has hardware support to allow the user 1o designate up to four
blocks (of variable size from 4KB to 4MB) of main memory as non-cacheable
address space. This feature is important for compatibility issues when operating
in a multi-processing LAN environment, dual-port memory environment, and
non-caching of video RAM, In addition, this feature eliminates‘the need to use
very fast PALs externally to decode non-cacheable regions and gives the user
much more flexibility.

The 82C315 Bus Controller contains the data buffers used to interface between
the Jocal, system memory and AT data buses. In addition to having high current
drive, they also perform the conversion necessary between the different sized
data paths. The 82C315 also includes all the interface logic required to directly
interface to the 80387DX and Weitek 3167 co-processors with no additional
discrete logic required.

The 82C316 Peripheral Controller contains the address buffers used to interface
between all address buses and the addresses needed for proper data path
conversion, In addition to integrating a variety of TTL/SSI interface logic, the
82316 includes the equivalent of the 82C206 Integrated Peripberal Controller
(TPC). The IPC section contains: -

Two (2) 82387 DMA controllers
Two (2) 8259 interrupt controliers
One (1) 8254 timer/counter _

One (1) MC146818 real time clock
One (1) memory mapper

The following conventions are used throughout this document to refer to the
configuration and diagnostics registers intemal to the 82C811, 82C315, and
82C816: ' B T -

* REGnH denotes the internal register of index n in hexadecimal notation.

- Lol i & SR PP BN NP .. JUL B I SUSUNR S P B PUIL 1 MU P
e IO <XV ACHOLES UIC DIL LICHT ITOIN DILX 10 DIL Y WIUL HIMCX 7 1
hexadecimal notation.

. '(;_cxx) denotes default value after power on Reset. Where xxx are register
1LS.

The following methods are used to indicate an active low signals:

® A dash after the signal name -
* A bar over the signal name

The following terms are used throughout this document:
*  MB = megabyte

* Mb = megabit

® XB =kilobyte

* Kb =kilobit

* 1§ =nano seconds

PRELIMINARY ' 1-3




Hl Introduction

Figure 1-1.

PEAK/(386 System Block Diagram
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Functional Description
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W 82C311 CPU/Cache/DRAM Cantrolier

Section 2

82C311
CPU/Cache/DRAM
Controller

Features

The $2C311 provides most of the logic reguired to interface with the 80386D
processor. The 82C311 also implements state machines required to control the

CPU, AT bus, DRAM, and the bus arbitration.

¥

The 82C311 CPU/Cache/DRAM Controller consists of the following functional
subsystems as illustrated in Figwe 2-1, ~

*  Reget and shutdown logic
*  (Clock selection logic
*  Action code generation and data conversion logic

*  State Machines for:

* CPU )
*  Local Memory
* ATbus

. Rue arbiftration
Bug 1fratio

[ b e ERILR 1R LRI 8

*  Memory Control logic for:

*  DRAM Access

* (Cache Memory Access
* Refreshcycle

¢ EPROM Access

¢ Shadow RAM

e

[ S e Tomoren o
DYSLC GO UL 11w

*  (S/2 Optimization

¢  FastRESET _

s  FastGATEAZ20 —~ 77 77
*  803837DX and Weitek interface logic

*  Configuration registers

"PRELIMINARY 2.4
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2-2

Reset and Shutdown Logic

Two reset inputs (RESET1- and RESET?2-), and two reset outputs (RESET3 and
RESET4) are provided on the 82C311. RESET1- is usually connected to the
power good signal from the power supply. When RESET - is active, the
82C311 issues RESETS3 and RESET4 for a sysiem resei. Boih RESET3 and
RESET4 are synchronized with CLK2. RESETS3 is active for a minimum of 64
CLK?2 cycles. RESET4 is active as long as RESETI- is active. RESET?3 and

RESET4 meet the setup and hold timing requirements of the 80386 processor.

RESET2- is generated by keyboard controller (3042 or §742) when a warm reset
is used. RESET2- activates only RESET3, and this in tumn resets the 80386
CPU.

RESETS3 is also activated by the 82C311 when a shutdown condition is detected
in the CPU. Afler a shutdown condition is detected, RESET?3 is asserted and is
held high for at least 85 CLK2 cycles and then deasserted. An active RESET3
resulting from a shutdown is synchronized with respect to CLK2 to ensure
proper CPU operation. RESET3 is also nsed to reset the coprocessor(80387 or
Wietek),

Additionally, a fast reset option is provided in the 82C311 to generate a warm
reset without the delays normally associated with the keyboard controller.
RESET?3 is asserted for at least 85 CLK2 cycles during the power on reset and
warm reset.

RSTDRYV is used 1o reset the AT bus. RSTDRYV is generated by RESET4.
RESETH4 is used to reset the 82C316 peripheral controlier, and the keyboard
controller, It is synchronized with respect to CLK2 and is asserted as long as
the power good signal is held low.

BCLK. CLK2Z is the same as the 80386 CPU clock and is used to drive the CPU
state machine. SCLK- is the CLK2 divided by 2 and is internally synchronized
by the 82C311 to be in phase with the internal states of the 80386 CPU. BCLK
is used 1o drive the AT bus state machine clock and it is also used for the AT
bus interface.

The 82C311 has 1 clock output, BUSCLK. It is used to drive the AT bus clock.
BUSCLK is equal to BCLK divided by 2.

In traditional AT-compatible designs, the bus clock and the CPU clock are the
same. In PEAK/386, it is not necessary for the CPU and the AT bus to share the
same clock. The CPU and local memory state machines are typically driven by
the CLK2, and the AT bus state machine runs off the BCLK. This allows the
CPU to operate at much higher frequencies, while the AT bus runs at an
AT-compatible 8 MHz speed. By allowing the different clock source for the
CPU and the AT bus, high performance systems can be designed which are
compatible with standard AT bus peripherals.

Figure 2-2 shows the phase relationship between the CLK2, SCLK and SCLK-,
SCLK is 180 degrees out of phase with SCLK- and is used within the 82C311.
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Figure 2-1.  82C311 Block Diagram
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2:4

CPU State Machine, Local Memory State Machine, AT Bus
State Machine, and BUS Arbitration

The 82C311 contains several state machines to control all the accesses initiated
from the CPU, DMA/Master or refresh request to the DRAM, cache memory, or .
the AT bus.

The CPU state machine and local memory state machine control all the accesses

to the local bus (DRAM and cache memory); where the AT bus state machine y
controls the non-local buses. The CPU state machine and local memory state |
machine support only 32-bit transfers between the 80386 and the system )

memory. Because no bus conversions are required, the BS16- input of the
80386 is not used in a PEAK based system and should be pulled high to +5 V.

The AT bus state machine is responsible for all non-local bus accesses and
controls the AT bus for proper bus conversions.

CPU State Machine

The interface to the 80386 processor requires proper interpretation of the status
lines upon assertion of ADS- and generation of READY - upon completion of
the requested operation. The 82C311 CPU state machine monitors ADS-,
M/IO-, W/R-, and D/C- to determine the CPU’s cycle type.

This state machine generates MALE- to indicate the start of 2 new CPU access
cycle. MALE- is generated in response to ADS- being asserted by the CPU.

A local memory access is distinguished from a non-local memory access by

assertion of the AF32- signal. The AF32- is generated intemally by the 82C311.

At end of T2, after generation of MALE-, the CPU state machine samples the A
AF32-, If AF32- is asserted, it is a local cycle and Iocal bus state machine is

activated. In response to MALE-, if AF32- is detected inactive, then the control

is passed to the AT bus state machine. The CPU stale machine generates

READY- when the AT cycle has completed. Figure 2-3 shows the timing

relationship for the MALE- and AF32- in respect to CLK2, ADS-, and READY-.

AF32- is an open collector signal and can be pulled low by external logic if a
local cycle is required. For example, if there is a special device on board which

[
Figure 2-:{ _ CPU S tate Machine
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responds to an address range above 16 megabytes, the AF32- can be pulled low
to accomodate that address range; so that 311 generates local cycle instead of
AT ¢ycle. The READY- should be generated by the special device at the end of
the cycle. Refer to Index Reg<08> for more details.

Local Memory State Machine

When AF32- is asserted at start of the memory cycle, then the 82C311 starts its
local memory state machine and does not allow the AT bus state machine to
begin. The local memory state machine generates the corresponding RAS- and
CAS-and other control signals. It can be programmed to insert wait states in
units of SCLK (two CLK2) to extend the memory cycle such that slower
DRAMS may be used to implement the memory sub-system.

Atend of the cycle, the local memory state machine generates READY- to
terminate the local cycle. If the 82C311 local memory state machine does not
generate READY - after 128 clock cycles, then the 82C311 AT bus state
machine pptionally (if bit 2 of register 26 is set to I)generates READY-, The
82C316 sets a bus time out flag in one of its inteimal registers, and generaies
NM if it is enabled.

AT Bus state Machine

The AT bus state machine is activated when the AF32- is not active at the end of
T2. The AT state maching is driven by BCLK, which is two times the frequency
of the AT system clock, BUSCLEK. The 82C311 performs the necessary
synchronization of control and status signals between the AT bus and the
processor. The 82C311 supports 8- , 16-, or 32-bit ransfers between the
processor and 8-, 16-, or 32-bit memory or I/O devices located on the AT bus.

An AT bus cycle is initiated by asserting the BALE signal and is terminated by
asserting READY-. After a programmed number of delays, AT stale machine
then enters the command phase. The command signals for the memory or I[/O
remain active until the programmed number of wait siates are executed. On the
falling edge of the BCLK, IOCHRDY is sampled. If IOQCHRDY is active, the
command becomes inactive on the next rising edge of BUSCLK. If IOCHRDY.
is not active, the commands are extended for an additional cycle and IQCHRDY
is sampled again. This process continues indefinitely unti! IOCHRDY becomes
active,

The AT bus state machine has programmable registars(registers 05, 06) to
provide additional wait states or delay the command (MEMR:, MEMW-, IOR-
and IOQW-) These controls provide more setup time for slow AT bus
peripherals 10 maintain compatibility, These registers can be programmed to
insert wait states(wait states are additional BUSCLK. cycles added to the time a
command is active} in units of BUSCLXK and to delay the generation of IOR-,
IOW-, MEMR-, MEMW - commands in one half units of BUSCLK (a command
delay is one BCLK delay between end of BALE and start of command)within
the selected wait states.

The OWS- signal from AT bus is sampled in the middle of Tc (falling edge of
BUSCLXK) and if OWS- is active the command is terminated at the end of Tc.
Thus, a 0 wait state AT cycle consists of iwo BUSCLK cycles, Ts and Te. The
READY - to the CPU is generated by the 82C311 one or two CLK?2 after the
command is terminated. Figure 2-4 shows the timing diagrams for a one wait
state AT bus cycle, _ o
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Figure 2-4,
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Some AT cards, such as those with long write recovery times, have been found
to perform better with “additional address hold time.” This is 2 programmable
option (programmable via Register 05H, bit 1) that delays the generation of
READY to the CPU by 2 CLK2 (one CPU T state). This causes the current
address to remain on the bus for one additional T state.

Actlon Codes Generation and Data Conversion Logic

The AT bus state machine provides controls to the 82C315 to perform data
conversion for CPU accesses to devices not on the CPU or memory bus. The
AT bus conversions are performed for 32-, 16-, and 8-bit read or write
operations. 32-bit transfers 1o or from the CPU are broken into smaller 16- or
8-bit AT bus or peripheral bus reads or writes. When performing the data
conversions, 4-bit action codes AC<0:3>, are generated to control the buffers in
the 82C315 for the alignment of data paths and to control the direction between
the D, MD, and SD data buses. The definitions for the action codes are given in
the functional description of the 82C315. Byte addresses XA<0:1> are
generated to drive the lower two bits of the AT address bus during AT cycles.
-SBHE is generated when 2 high byte ransfer is taking place.

During memory cycles, on the falling edge of BALE, MCS16- and MC832- are
sampled to determine the bus size conversion required. During I/O cycles,
IOCS16- and IOCS32- are sampled on the falling edge of BALE and must
remain valid for the duration of the cycle. If none of the above signals are
asserted, 8-bit transfers are assumed and the request is converted into 2, 3, or 4
AT bus cycles; based on the CPU byte enable signals BE<0:3>-, When
MCS16- for memeory or I0CS16- for 1/O is asserted, the AT bus state machine
converts a 32-bit access into two 16-bit AT bus accesses.

The AT bus state machine also supports 32-bit transfers between the processor
and the memory or I/O devices on the AT bus, MCS32- and I0CS32- inputs
allow a device to request a 32-bit transfer. The AT bus has to be extended 1o
32-bit wide in order to utilize this feature (currently there is no AT bus
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Figure 2-5.

M The 82C311 CPU/Cache/DRAM Controiler

specification for 32 bit bus transfer). MCS32- and IOCS32- have priority over
the MCS16- and I0OCS 16- signals.

A master cycle is a cycle where an AT card will take control of the bus (for
example a disk controller). Before an AT bus master takes control, The CPU
should program a DMA channel (the bus master uses this channel) in cascade
mode. The bus master pulls DREQ- low and once the 82C316 provides the
DACK- signal to the master, the master pulls MASTER- signal low. During
master cycles, the MASTER- input is low to the 82C311, indicating that it is 2
master cycle. The 82C311 provides logic for master io access DRAM and on
board I/O ports. the 82C315 does data path steering for master cycles. The
82C316 provides the address path via SA and A lines during master cycles,
MASTER- should not be held for more than 15 micro seconds without
requesting a REFRESH, or else data in the system memory may be lost due to
lack of refresh cycles. The bus master pulls REE- low and the 82C316 generates
the refresh address for the AT bus and the 82C311 generates MA<(:10>
MEMR-, SMEMR- signals to refresh the memory on the AT bus and the local
memory.

Bus Arbitration

The 82C311 controls bus activity and provides arbitration between the CPU,
DMA, bus MASTER devices, local masters, and AT refresh logic. For any of
these other devices io gain control of the system, the CPU must be put into hold.
The §2C311 arbitrates between HRQ1, HRQ?2, and REFREQ ina
non-preemptive manner by generating HOLD request to the CPU. The CPU
relinquishes the bus by issuing HLDA. The 82C311 responds by issuing

Refresh Cyele Arbitration

e~ \__/
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o / N
e \ '
e \ /
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MA<GTEs Y VALID PEFFRESH ADDRESS. } G

HLDAI, HLDA2, or REF- depending on which device prevailed during
arbitration. During the AT style refresh cycles, the refresh logic has control of
the bus until REF- goes inactive. During a DMA cycle, the DMA controller has
control of the bus until HRQ becomes inactive. the 82C311 controls the bus
sizing and conversion with the action codes. . .

Figure 2-3 shows an AT style refresh cycle arbitration. The rising edge of
REFREQ sets an internal flag in the 82C311. On the first rising edge of
BUSCLK, a HOLD request to the CPU is generated. When the CPU finishes
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Figure 2-6, ~
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(HLDA). The 82C311 then begins the AT style refresh cycle by asserting REF-.
There is no bus arbitration for hidden refresh as CPU is not put on hold.

Figure 2-6 shows a DMA cycle arbitration. If a DMA device requests control of
the bus, it activates HRQ1 or HRQZ, The 82C311 receives HRQ1 or HRQ2 and
an HLDAI1 or HL.DA2 and relinguishes the bus. Once the DMA device is no
longer asserting the HRQ1 or HRQ2, the 82C311 desserts the HLDAI or
HIL.DA2 and retuns the control 1o the CPU. HRQ2/HLDAZ are for local
masters. The data buffers do not turn around, and the 82C311 does not generate
byte enables from XA<Q:1> and SBHE.

Memory Control logic

The 82C311 provides all the logic to interface to the DRAM and cache
memories. It utilizes two way set associative cache organization of up to
128KB and conventional DRAM accesses of up to 128MB. It also contains the
logic to perform refresh, DMA, access EPROMs, and shadow RAM.

DRAM Access

The 82C311 provides the control logic for generating RAS<0:7>-, CAS<(0:7>-,
MA<(:10> and DWE- (o control the DRAM accesses. It also provides
LDBCARB, BWBUSY, LDBDIR, and LDBEN- signals to control the direction
of the data flow between the D and MD buses through a set of external 74F646
transceivers. :

The 82C311 supports 256K, 1MB, and 4MB DRAMSs in configuration of up to 4
blocks or 8 banks,thereby providing a maximum of 128MB of memory. Each
block has 2 banks, every two banks within a block have their own configuration
register (REG10 thru REG18) to allow usage of different type/speed of DRAM
and to program their starting addresses. For example, Index Reg 10 determines
the starting address for BLOCKO (banks 0 and 1) and the type of DRAMS used.
If 256K type DRAM is used, and the starting address is set to 0, then banks 0
and 1 will cover address ranges from 0 to 2MB. The starting address for block 1
{banks 2 and 3) then begins at 2MB. Register 11 is used 10 program wait states
for BLOCK 0 and RAS precharge time for DRAMSs in block . Register 11 is
also used to program RAS pulse width during refresh for all eight banks. Parity
generation and checking is also implemented in conjunction with the 82C315
data buffers. .
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The 82C311 conirols the DRAM memory accesses from three sources:

* CPU

e DMA request

* Refresh request
¢ MASTER

These accesses are arbitrated based on the inputs HLDA1-, HLDA2, MASTER-,
and REF-; and are handled by their own state machine.

The refresh state machine is in control whenever REF- is active. When
HLDA<1:2> i3 active, the DMA state machine is in control. In all other cases,
the CPU state machine is in control for valid DRAM memory accesses as
defined by the memory map in the configuration registers. The arbitration is not
preemptive, that is, the current active state machine always runs. to completion
prior to relinquishing the control of the system.

The CPU initiated accesses are decoded according (o the memory map defined

in the vGﬂﬂgmaHGﬂ reg{:-tnro These acresses are conventional DRAM

accesses; DRAM access begins by strobing in a valid row address with RAS-
while CAS- remains high. Then, the addresses on MA<0:10> are changed from
row addresses to column addresses and strobbed in by CAS-. This is the
beginning of the DRAM cycle in which a memory location is agcessed. The
specific type of cycle is determined by the state of the DRAM write enable pin
and other control signals. The DRAM cycle is terminated when both RAS- and
CAS- are returned 1o the high state. The 82C311 generates READY- o

terminate the current CPU cycle, DWE- is connected to each DRAM wrile
enable input.

During a DRAM write cycle, the parity bits (one parity bit for each byte) are
generated by the 82C315 (if PEN input is low). These bits are written into
DRAMSs along with the data. During the DRAM read cycle, the data and parity
bits are strobed into the 82C315 data buffer on the rising edge of CAS
(generated by the 82C311 which is a combination of CAS signals for all banks}.
The 82C315 generates internal parity and compares with the parity read. If a
parity error is preseni, LPAR- is generated by the 82C315, and 82C316
generates NMI io the CPU. The parity checking can be turned off by
programming the index register 28 (bit 7) in the 82C311. When the parity
checking is turned off, the parity enable signal (PEN-) is high from the 82C311
and parity checking logic is disabled inside the 82C315.

Posted Write Cycle

During a DRAM write cycle, the data is written into 74F646 buffer and the
READY- is generated by the 82C311 at the end of the first T2; thus providing
zero wait state write cycle, The actual write to the DRAM takes place -
subsequently. If the next cycle is a read hit cycle, the cache access is performed
while main memory is being updated. This is the posted write cycle which
increases the performance of the system. If a DRAM write cycle is already in
progress, then the 82C311 does not perform another posted write cycle or read
miss cycle, but waits until the current write cycle is completed. Therefore, if
two consecutive DRAM write cycles are performed, the first cycle is zero wait
state write cycle and the next DRAM write takes place after the first write is
completed.
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2-10

DMA accesses are initiated by asserting HLDA1 or HLDA2. The MEMR- and
MEMW - determines if it is a read or write memory access. The bytes accessed
are conirolled internally with the BE<0:3> signals that are generated by the
82C311 based on XAQ, XAl, and SBHE-, The DMA state machine makes one
memory access per DMA bus cycle and does not attempt to pack or unpack data
transfers to make full 32-bit transfers. The 82C311 supports both one wait state
and zero wailt state posted write cycles{ This feature is not supported in revision
B of the 82C311).

The 82C311 supports 32K, 64K, and 128K of cache memory organized in a two
way set associative manner.” All cache memory cycles: read hit, read miss, write
hit, write miss are explained, in detail, in the section entitled Cache Operation.
The 82C311 provides all the logic for generating CRD<0:1>-, CWE<0:1>-, and
CALE signals to control the cache memory. For a detailed description of cache
organization and structure, refer to the Cache section.

The cache memory doesn’t have its own separate state machine to control its
accesses. It is controlled by the CPU state machine during the read hit cycles

and local memory state machine for all other cycles.

Refresh Cycle
The 82C311 provides the following refresh schemes:

AT style refresh

Burst refresh
* Hidden refresh
In an AT style refresh scheme, The 82C311 arbitrates the bus after receiving the
REFREQ, and generates a HOLD request to the CPU. The CPU relinquishes
the bus by issuing HLDA. The 82C311 responds by issuing REF- and starts the
refresh cycle. After REF- is activated, the 82C311 places the refresh address on
the MA<0:10> but and activates MEMR-. After refresh cycle is completed,
REF- and MEMR- are driven to inactive states, HOLD is also returned to
inactive state, and the CPU regains control of the bus. RAS-Only refresh is
performed by strobing in a row address while CAS- remains high.

The Burst refresh allows multiple AT style refresh cycles per one refresh request
(REFREQ) and ignores the next programmed number of incoming REFREQ);
depending on its programmed state. The configuration register REG2B<1:2>
controls the number of burst refresh ¢ycles. The number of refresh cycles per
REFREQ can be programmed to 4, 8, and 16. For example, when the 82C311 is
programmed for burst of 8, it performs 8 refresh cycles per REFREQ and
ignores the next 7 REFREQ. The advantage of performing burst over the single
cycle refresh is in the refresh arbitration overhead required on every cycle. Thus

t ¢ rafreach A th frach 1
burst refresh reduces the refresh overhead. The CPU stays on hold during the

entire burst refresh cycle.

During the hidden refresh cycle, the 82C311 does not go through the bus
arbitration, HOLD, and HLDA sequences. The hidden refresh is transparent to
the CPU, allowing the CPU to continue operating from its cache memory.
Therefore, hidden refresh and CPU cache hit cycles may occur concurrently.
The CPU has to wait for all other accesses requiring the DRAM. All DMA and
AT bus accesses are deferred until the completion of the on-going hidden

refresh cycle.

PRELIMINARY CHIPS and Technologies, Ine.




M The 82C311 CPU/Cache/DRAM Coniroller

Figure 2-7.  Burst (of 4) Refresh Timing Diagram o -
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Figure 2-7 and 2-8 show the timing séquénce or burst and hidden refresh
cycles, respectively.

EPROM accesses. The AT bus state machine generates the READY - for this
cycle. ROMCS- is connected to the EPROM chip enable (CE-) 1nput
ROMCS- is always generated for the address range:

1. FFFCOO00H to FFFFFFFF.
2. 00FCOO00H to O0FFFEFFH if index register 2C enables the ROM.

3. 000CO000H to O00FFFEF if index register 09 enables the ROM. The power
up default has ROM Chipselect at the top 256K at 4Mb, top 64K at 16Mb,
and top 64K at 1Mb.

Shadow RAM

In order to enhance system performance, it is preferable to execute BIOS code
through RAM rather than throngh slower EPROMs. The 82C311 provides a
featre called shadow RAM that, when enabled, allows BIOS code to be
executed from sysiem RAM resident at the same physical address as the BIOS
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EPROM. The software should transfer code stored in the BIOS EPROM to the
system RAM before enabling the shadow RAM feature. This feature
significantly improves the performance in BIOS-intensive applications.
Performance improvements as high as 300% to 400% have been abserved in
shadow RAM benchmark tests. The shadow RAM feature is invoked by
enabling the corresponding bits in the ROM enable register and RAM mapping
registers (REG9H, REGUEH, and REGOFH). Figure 2-9 shows the system
memory with and without shadow.

Index registers 09 and 2C provide the option to disable writing to the RAM
located in the BIOS area. Register 09 is used to enable or disable writing to the
address range CO000H to FFFFFH. Each bit register disables or enables a 64K
block of RAM. Similarly, register 1C provides the option to enable writing in
the RAM area FCO000H to FFFFFFH.

Index register OC through OF provide the option to turn off the RAM on the
system board from 512K to 1MB. These registers are enabled if bit 1 of register
Sissetto 1.

Figure 2-9, Shadow RAM
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System Control Logic

The system control logic of the 82C311 generates the LDBEN-, LDBDIR-,
XDEN-, and AF32- for system control. XDEN- is issued for /O accesses to the
internal configuration registers of the §2C311. It is nged to enable the XD<0:7>
onto the MA<0:7> address lines from an external buffer, for accessing the
internal registers. LDBEN- and LDBDIR- are generated for enabling and
controlling the 74F646 data buffers. AF32- is genérated for local 32-bit
MEemOoTy aCCesses.
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0S5/2 Optimization

The PEAK/386 architecture features OS/2 optimization using fast resei and fast
GATEA20 (FGA20). O5/2 makes frequent DOS calls while operating in
protected mode of the 80386 CPU. In order to service these DOS calls, the CPU

hag to switch from protected 10 real mode quickly, Typical PC/AT architectures
require the processor to issue two commands to the 8042 (or 8742) keyboard
controller in order to reset the processor and to activate GATEAZ0. REG60<5>
of the §2C311 is used to invoke a software reset and REG2B<6> is used 1o
enable/disable the fast GATEA20. When fast GATEA2Q is enabled, the
82C311 detects the /O writes to keyboard controller port 60 a2nd 64 and
generates the GATEA20 interpally. Therefore, the GATEA20 signal from the
keyboard controller has to be connected through an open collector gate to the
82C311. When fast GATEZ20 is enabled using REG2B<6> the software should
do I/O writes to port 60 and 64 to activate GATEAZ0. In the §2C311C the
REG?2F<5> is available to enable fast GATEA20 and writing to port 60 and 64
is not required when REG2F<5> is used. Hence,this is a faster way of
implementing GATEA20. The REG2F<5> overrides REG2B«<6> when the fast
GATEAZ20 is enbaled in REG2F<5>. In order to disable fast GATEAZ20 in the
82C311C both REG2B<6> and REG2F<6> should be disabled. _

80387DX and Weitek Interface

The §2C311, in conjunction with the 82C315 and 82C3 16, provides the logic
necessary to interface with the 80387 and Weitek coprocessors.

. The 82C311, during the 80387 cycle, generates an AF32- 1o set the current cycle
into a non-AT cycle. The 82C316 generates the READY - at the end of the
cycle.

If the Weitek WT3167 coprocessor is addressed and is not present, then the
82C311 generates READY- to terminate it. When the Weitek WT3167 is
present and is addressed, the AF32- and READY - are generated by the
coprocessor. The WT3167 memory address range is CO000000H to .
CIFFFFFFH. This address range is not accessible if the Weitek processor is not
present. However, external logic present (on the motherboard) in this address
range can force a local memory cycle by either pulling AF32- low or WTPRES-
low, The external logic should generate reéady.

During RESET1-, or power ON, the 80387 pulls the error signal low. The error
signal is connected to the 82C3135, lached by the falling edge of RESET4. If
error is low, then bit 4 of Register 7 is set in the 82C315. The BIOS should read
Register 7 and set bit 0 of Register 2B to 1.

Cache Functional Overview

The functional overview outlines the cache architecture and provides an insight
inio the operation of the 820311 with 80336 interface. The 8§2C311 performs as
an integrated CPU/Cache/DRAM memory controller in an 80386 based system.
By maintaining the most frequently accessed code and data in hi;gh speed
memory, it allows the 80386 processor to operate at its maximum rated

frequency with near zero wait states.
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2-14

The 82C311 cache controller portion is designed to be a cost effective solution
for achieving the full performance of the 80386 based system. This is
accomplished by maintaining the most frequently accessed code and data in
high specd memory (cache memory}) such that most memory requests can be
satisfied from this memory. If the data resides in the cache memory (hif), the
data is returned to the 80386/486 without wait states. If the data is not present
in the cache memory (miss), then it is retrieved from the slower main memory
with wait states.

Since the cache controller and the main memory controller are both integrated
into a single device, cache memory access is performed in parallel with the main
memory access. In case of a hit, main memory access cycle is terminated and
the data is provided by the cache memory. In case of a miss, the main memory
cycle is completed. Performing cache access and main memory access in
parallel reduces the miss penalty.

During write operation, the data is held in a temporary buffer and the CPU is
released so it can start a new cycle before the write cycle to main memory is

annth t 1 a rand mige ryele 1@ narfarmead
Comple!.e\’} HG‘\"V’&‘V’G[ if another write CyCi€ Of a 18ad miiss CyCil 18 pErioiimneda,

then additional wail states are inserted antil the previous cycle is completed.

The effectiveness of the cache ts determined predominantly by the size and
organization of the cache, the hit and miss access times, and the dynamic
behavior of the program. An efficient cache organization results in a high hit
rate. The majority of the accesses are to cache and are completed without wait
states. Very few accesses are to the main memory. Consequently, the average
access time approaches that of the fast cache memeory.

imt bt an bbb A ke T e PP oy S o

The 82C311 InlCEraics e cacne Queciony anda in he control lugu. rcqum,u 18]
support an external 32K/64K/128KB Cache and up 10 4 blocks of 2 banks of
DRAMs. The cache directory supports two way set-agsociative cache
organization and maps 128MB of memory space. The minimum amount of
local memory is IMB if 256Kb memory devices are used (If 1Mb DRAMSs are
employed, the minimum amount of local memory is 4MB; and if 4Mb DRAMS
are employed, the minirmum armount of local memory is 16MB). A memory
enable map is provided for memory residing within the 1MB memory address
space. This mechanism can be used (0 prevent contention between the IMB
local memory and memory residing at predefined addresses on the AT
expansion bus. For system memory above 1MB, memory can be installed in
increments of 1IMB,

All DRAM access and refresh control signals are presented by the 82C311 with
programmable configuration for 256Kbx 1, 256Kbx4, 1Mbx1, 1Mbx4, 4MbX 1,
and 4MbX4 devices. Every block can have different type/speed of memory
devices and its starting address. Parily generation and checking is implemented
in conjonction with the 82C315 data buffers.

The on-chip tag RAM dircctory can be accessed through the 8-bit peripheral
data bus. The entire tag dircctory RAM can be written or read through 1/O
instructions for initialization or diagnostic purposes through REG21, REG22,
REG23, and REG25. See the section titled Cache Directory Testing for more
details. :
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Cache Concepts

Cache memory optimizes processor performance and enhances bus-bandwidth
within cost, size, and power limitations. A cache reduces the average access
time if it is organized such that it holds the most often requested code and data.
The effectiveness of the cache is deiermined by the size, the physicai
organization, cache replacement algorithm and the behavior of the program.
When a cache satisfies the processor access requirements, the overhead resnlting
from accessing the slower main memory is eliminated. The cache can operate at
the speed of static memories while maintaining the economic advantages ofa
slower main memory storage.

Program Locality

Almost all programs exhibit some “locality of references.” Programs usually
access memory in the neighborhood of locations already accessed recently.,
Program locality makes cache systems possible. There are two aspects of

locality:

Temporal
*  Spatial
According to temporal locality, information used in the future will afready be in
mea Thic tvms AF nraoram PI;\QU"H‘\Y' IG evhirhitad by nrn(rrnm ] (\no in whirnh tha
L ¥ I L 4 LEL DJH\J WL A\JED(:I.IAI W LEEL Y AN, MW ALLLIL AR I/J tl bll-l-lj.l AN PD ALE WY ALRAAL Kkiw

code and data are rensed.

According to spatial locality, programs generally consist of a fairly small
number of individually contignous segrments of memory. A cache memory
buffers these contiguous segments, thereby increasing the probability that the
requested code and data can be found in the cache.

Cache Size

The cache size is one of the most important parameters in terms of both cost and
performance trade-offs. Cache miss rate reduces asymptomatically with the size
of the cache. The increase in performance with an ever increasing cache size
reaches a saturation point. Increasing the cache size bevond this point only
increases the cost of the memory subsystem with minimal improvement in
performance. The 82C311 supports 32K/64K/128K of cache memory.

Figure2-10.  Line of a Cache

I LINE ADDRESS | SUB-LINE O
SUB-LINE 1

SUB-LINE 2
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SUB-LINE 4
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Cache Organization

The basic characteristic of a cache is the fast access time, Therefore, very little
or no time must be wasted when searching for words in the cache. For

maximum efficiency, the cache is sub-divided into many smaller blocks of .
storage called “lines™ that range in size from a single machine word {4 bytesina
80386} to multiple words (32 to 64 bytes).

Each line has an address associated with it that must be stored and compared
(using tag comparators) against the address of the memory request. These are
kept as entries (one per line) in a directory (tag directory) to establish the
correspondence between the data in the cache, and the particular fragment of
main memory represented.

If the size of the lines are as smafl as possible, then the cache directory becomes

1 sinna th
large since there is a cache directory entry for each line in the cache. Doubling

the size of a cache lifie, while holding the cache size fixed, reduces the size of
the directory by a factor of two because two items (sub-lines) in the same line
share the same directory entry. Figure 2-10 shows a typical implementation of a
line of cache memory. This line is 16 sub-lines wide; where each sub-line isa
double word (single addressable item of 80386). Address lines A2 thru A5
determine the desired sub-line within the line.

The 82C311 supports cache line size of 16 double words for 32K and 64KB of
cache memory and 32 double words for 128KB cache memory.

The wansformation of data from main memory to cache is referred to as the
mapping process. Three mapping schemes are normally used:

*  Fully associative .
*  Setassociative
*  Direct mapped

Fully Associative

Programs consist of various subronfines, stack areas and data variables located
at different address locations. Therefore an efficient cache should be capable of
holding several non- contiguous blocks of memory. A fully associative cache
includes a tag comparator with each entry. A 16 block cache could hold 16
most often accessed blocks. As there is no relationship between the various
blocks, it is necessary 1o maintain the entire address of the block. When the
processor presents the address for the next instruction, the cache has to compare
the addresses wiih each of ihe i addresses mainiained in the cache. This would
require 16 comparisons to determine if a match is found.

Few caches use this organization due 1o the complex circuitry required and the
fact that the decrease in the miss rate achieved with the full associative
algorithm is very small. Additionally, the number of comparisons required to
determine if ¥t is a hit or miss makes this mapping scheme unacceptably slow
and expensive.
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Direct Mapped Cache

In a direct mapped cache every memory block has only one possible location in
cache. The lower crder addresses presented by the processor are uscd as an
index to select one of the entries in the tag directory. The most significant
processor address bits are compared with the contents of the tag directory to
determine if it is a hit or a miss access. Unlike the fully associative cache
organization, only one address comparison is required to determine if the
requested data is in the cache.

UJICLI. Illdpplllg, wnuc Dﬂlﬂg Ll'lG bllllplbbL io ICdJ.Il.C Ildb LUI‘I.dl[] UIdWUdLKb J.VU
two addresses with the same index can reside in the cache memory at the same
time. If the code jumps back and forth between two address locations that have
the same index, the cache controller must access the main memory frequently,
as only one of the addressed location can exist in the cache. )

Sef Associative Cache

The set associative cache compromises between the direct mapped and the fully
associative cache. In a set associative cache, the index selects several entries.
In a two way set associative cache, two entries can have the same index or the
same lower order address bits.

The set associative cache is more complex than the direct mapped cache. In the
two way set associative cache, there are two locations for each index field. Two
comparisons are required to determine if the requested data is in the cache.
Additionalty, the tag field is wider and rcqmres larger SRAMS to store the tag
information.

Now that two locations exist for each index field, the controller must decide
which block to update. When a cache miss occurs and all the locations have
been used up, the controller has to decide which location to overwrite, The most
commen replacement algorithms used are:

* Random Replacement
*  First-in-first-out {(FIFQ)
* IcastRecently Used (LRU)

With the random replacement policy, the cache controller choses one tag data
item for replacement at random. The FIFO procedure replaces the item that has
been in the set the longest. The LRU algorithm selects for replacement the item
that has been least recently used by the CPU. The LRU algorithm is the most
efficient and can be implemented by adding a few exira bl[S in each line in the
cache. -

Consider a 64KB cache memory, with 16 Double-Word wide lines.

Figure 2-11 shows the implementation of this cache in a fully associative
manner. Each tag entry is 21-bits wide and each validity field is 16-bits. To
construct this cache, 64KB of cache memory, 1K X 21-bits wide (21Kb) for
cache directory, 1K X 16-bits wide (16Kb) for validity field, and 1024 21-bit
comparators are required. When the processor presents the address for the next
instruction, address lines A6 thru A26 are compared with all 1024 entrdes of the
cache directory to determine a match. AZ thru AS select a sub-line within the
line (one out of sixteen double word).
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Figure 2-11.  Fully Associative Cache Organization
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Figure 2-12.  Direct Mapped Cache Organization
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Two-Way Set Associative Cache Qrganization
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Figure 2-12 shows the implementation of the same cache in a direct mapped
manner. Each tag entry is 11-bits wide and each validity field is 16-bits. To
construct this cache, 64KB of cache memory, 1K X 11-bits wide (11Kb) for
cache directory, 1K X 16-bits wide (16Kb) for validity field, and one 11-bit
comparator is required. When the processor presents the address for the next
instruction, address lines A6 thru A15 are used as an index to select one entry
from the cache directory. The value contained in the tag directory is compared
with A16 thru A26. If there is a match, then address line A2 through A5 selects
the desired subline within the line and the dara is retreived from the cache
memory. If amiss is detected, then the data is obtained from the main memory.

Figure 2-13 shows the implementation of the same cache in a two-way set
associative manner. Each tag enu-y is 12-bits wide and each validity field is

Lotan PREPRRIRPI S5 JEpppag PR, el h'd
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wide (12Kb) for cache directory, 2 X 512 X 16-bits wide (16Kb) for validity
field, and two 12-bits comparators are required. When the processor presents

|| )
Figure 2-14,  Implemeniing the Cache
NlJil__\:!BEFI OF TOTAL TAG DIRECTORY
FULLY ASSOCIATED ’ 1024 21-BIT 37K
TWO-WAY SET 212.BIT 28K
DIRECT MAPPED 1 11-BIT 27K
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the address for the next instruction, address lines A6 thru A14 are used as an

index to select one line from the cache directory which points to two entries.

The values contained in the tag directory are compared with A15 thru A26 to

determine a match. If there is a maich in any of the two eniries, 4 cache hit .
cycle occurs; otherwise, a miss cycle in performed.

Figure 2-14 shows the hardware required to implement the cache in three
different mapners. The amount of hardware required to implement the two-way
set associative cache is vety close to the direct mapped cache; however, there is
a significant difference between the two-way set and fully associative cache,
The additional hardware required to implement the fully associative cache does
not compensate for the percentile gain in its hit rate,

Cache Updating

Cache maintains a copy of the most often used code of the main memory. The
data in the cache should be identical to the main memory. When the cache
memory is modified, the data in the main memory has to be updated as well. To
meet this requirement, there are two basic approaches: write through and write
back.

In a write through system, the controller copies the data into memory as well as
the cache. This ensures the main memory and the cache contain the same data,
The drawback with this type of implementation is ¢ach write cycle is treated as a
write miss cycle, and the CPU has to wait for the slow memory to be updated.

Using a huffered write through algorithm, alleviates the problem. During the
write operation, data is writien into a teriiporary buffer. The CPU is released to
begin a new cycle before the write cycle to the main memory is completed. If a
write access is followed by a read hit cycle, the cache access is performed while
the main memory is being updated. However, if a write cycle is followed by
another write cycle or 2 read miss cycle, the processor has o wait for the |
completion of the previous cycle. The buffered write through is by far the most

popular implementation.

@

In a write back system, the memory updates are not performed immediately.
This method of implementation adds another bit called the altered bit. This bit

is set if the cache is being written to with new data. This bit indicates that the
cache data and the main memory data are different and the cache contains the
most up-to-date information, When the cache is fully occupied, and a new data
has to be brought into the cache, the allered bit is checked to see 1f the cache and
the main memory contain the same data. If this bit is set, thea the main memory
is updated with the old data present in the cache, before over writing its contents.

This policy is more efficient as the number of accesses to main memary is
minimized (main memory is not always updated). But the circuit complexity )
required to implement this policy defeats the minimal performance -
improvement.

The 82C311 supports a one stage buffered write through scheme to update the
cache.
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Cache Coherency

The buffered write through and the write back schemes ensure under normal
operations, that the data present in the cache mirrors the data in the main
memory. But, in a system environment, other bus masters and slave DMA
devices access main memory and modify the contents. cache controllers that
have a built in mechanism to update the corresponding cache contents are said

to maintain coherency. Many schemes are used to maintain cache coherency,
the easiest being to invalidate/flush the cache during DMA opération. This,
though convenient, degrades the performance; as all subsequent memory
accesses will be misses until the cache is filled with new data. The most popular
method of maintaining cache coherency is by ensuring all accesses to the main
memory go through the cache controller.

82C311 Cache Organization

The 82C311 supports 32K/64K/128K two way set associative cache
organizations. The 82C311, depending upon the size of the cache, uses a
configuration of two sets of 256 lines (for 32K) or 512 lines (64K or 128K).
This allows two addresses with the same index to be resident in the cache
concurrently. For a given cache size, the two way set associative organization
yields a significantly better cache hit rate as compared to direct mapped cache.
However the increase in hit rate for a four way set associative i$ not substantial
encugh to justify the additional complexity.

Two way set associative Cache architecture

Each entry in the 82C311 tag directory corresponds to 64 bytes (16 double
words) for 32K and 64K cache memory and 128 bytes (32 double words) for
128K cache memory. It is further sub-divided into 16 sublines of four bytes
{double word) each. This reduces the number of tag directory entries and,
correspondingly, the tag directory size.

In a two way set associative organization, there are two banks of cache SRAMs
and tag directory. For the 32K organization, each SRAM bank is 4K double
words (4K X 32 bits = 16KB) and the tag directory consists of 256 entries. For
the 64K organization, each SRAM bank is 8K double words (8K X 32 bits =
32KRB}), and the tag directory consist of 512 entries. Each entry in the tag
directory represents 32 bytes of data. For the 128K organization, each SRAM
bank is 16K double word (16K X 32 bits = 64KB) and the tag directory consists
of 512 entries. Each entry in the tag directory represents 64 bytes of data.

Address Assignment for 32Kb Cache Memory

T Indax Subire

JAds Azr |Aze Ard |A13 AS |AS A2
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Figure 2-16.  Address Assignment for 64Kb Cache Memory
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Figure 2-17.  Address Assignment for 128Kb Cache Memory
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Physical Address Field Assignment

The 80386 supports 32 address bits (30 address bits and four byie enables).
While the 82C311 monitors all the 30 bits, it supports'a maximum of 128MB of
physical memory (AC thru A26).

The physical address assignments for the 32K B, 64KB and 128KB cache
memory are shown in Table 2-1, 2-2, and 2-3, respectively.

Figures 2-15, 2-16, and 2-17 illustrate the cache directory assignment for 32KB,
64K and 128K cache memory, respectively.

.
Table 2-1.  Physical Address Assignment for 32Kb Cache Memory

Bits Address Fleld

A<2:5>  .Sublinelndex = )
Selects the subline within aline. There are 16 sublines in a line and each subline
cait be individually validated/finvalidated.

A<6:13>  LineIndex

Selects the correct line within the cache directory. The line index varies with the
size of the cache RAM. For 32Kb, there arc 8 address bits corresponding 1o 256
entries in the directory RAM.

A<ld4:26>  Address Tag

These are the most significant 13 bits of the 1ag address stored in the 1ag directory.
This address is compared against the tag selected by the line index to determine if
the correct line is available 1n the cache.

A<27:31>  Highest Order Address Bits
'i['izlé:ﬁgits kave to be zero since the system memory has to be located below
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[
Table 2-2.  Physical Address Assignment for 64Kb Cache Memory
. Bits Address Ficld
A<2:5> Subline Index

Selects the subling within a line. Thr:re are 16 sublines in a lme and each subline

A<6:14> Line Index

Selects the correct line within the cache directory, The line index varies with the’
size of the cache RAM. r64Kb there are 9 address bits correspondmg to 512
entries in the directory Rs )

A<15:26>  AddmssTag

These are the most significant 12 bits of the tag address stored in the tag directo!
This address is compared against the 1ag selected by the line index 1o delermine i .

the correct line is available in the cache.

A<27:31>  Highest Order Address Bits
These bits have 1o be zero since the system memory has to be located below
128Mb.

|
Table 2-3.  Physical Address Assignment for 128Kb Cache Memory

Bits Address Field
A<2:6> Subline Index

Selects the subline within a l.me 'I'hcn: are 32 sublines in alme and each subline
can be individually validated/invalidated.

A<T:15> Line Index

Selects the correct line within lhe cache directory. The Bne index varies with the
size of the cache RAM. For 128Kb, there are 9 address bits oorrcspondmg 0512
entries in the directory RAM.

A<16:26>  Address Tag
. These are the most significant 12 bits of the tag address stored in the tag directory.

This address is compared against the tag selected by the line index to determine if
the correct line is available 1n the cache.

A<2731>  Highest Order Address Bits
}lzagls\etgits have 1o be zero since the system memory has 1o be located below
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Table 2-4.  Cache Directory Organization

Bits Entry Field Description
Iy IRU Indicates which set was most recently used,
01:16 VDI Valid bits for set 1.
17:28 TAG 1 A<14:265 address lines selected by index in set. Al4 is ignored i
for 64Kb cache sysicm, Al4and K

15 are ignored for 128Kb
cache system. i _

30:45 VDO  Valid bits for set 0.
46:58 ' TAGO A<14:26> address lines sclected by index in set 0, Aldis Ii&mmd
" for 64Kb cache system. Al4 and AlS are ignored for 128
cache system. i _

Cache Directory Organization

There are 59 bits per entry in the cache directory. The various [ields within the
entry are defined in Table 2-4.

Figures 2-18 and 2-19, and 2-20 illustrate the cache directory organization for
32K, 64K, and 128K cache memory, respectively. There are 59 bits per entry in
the cache directory.

Figure 2-18.  Directory Organization for 32Kb Cache Memory
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Figure 2-19.  Directory Organization for 64Kb Cache Memory
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Figure 2-20.  Directory Organization for 128Kb Cache Memory
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The cache dala array is configured 4s two sets of 4096 double words (4K} each.
1t can be implemented using sixteen 4K by 4 SRAM. When the 82C311 is
configured for 32KB of cache memory, it allocates a valid bit pcr douh!e word
and uses 256 entries of its cache directory. o

Figures 2-21 and 2-22 illustrate the logical and physical cache organization for
32KB cache memory.

There are 59 bits per entry in the cache directory.

Logical Organization of 32Kb Cache Memory
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Figure 2-22.  Physical Organization of 32Kb Cache Memory Using 4K x 4 SRAMs
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I
Figure 2-23.  Logical Organization of 64Kb Cache Memory

Figure 2-24.  Physical Organization of 64Kb Cache Memory Using 8K x 8 SRAMs
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64KB Cache Implementation

The cache data array for this size cache is configured as two sets of 8192 (8K)
double words. A simple design could use eight 8K by 8 fast SRAMS, with 4
chips for each set. When the 82C311 is configured for 64KB of cachie memory
(REG24<5>), it allocates a valid bit per double word and uses ail 512 entries of
its cache directory.

Figures 2-23 and 2-24 illustrate the logical and physical cache organization for
64KB of cache memory.

128KB Cache Implementation

Tha Ao ~ha thi Aha o= 5 oy
11i& Gata <alne armay for this size cache is \,uuusdi'ad as two sets of 16384 ‘(léK}

double wards. Sixteen 8K by 8 SRAMSs may be used to implement the cache
memory. When the 82C311 is configured for 128KB of cache memory
(REG24<4:5>), it allocates one valid bit per two double words and uses all 512
entries of its cache directory. The significant difference between implementing
a 128KB cache versus 64KB is in the read miss cycle, all other cache cycles:
read hit, write miss, and write hit, are the same.

During a read miss cycle, the 82C311 moves in data from the DRAM memory

intn the cache memory 2 and cetg a valid bit rnrrMnnndlnrrIv For 128KR cache

L LV

memory, one valid bit is allocated to twa double words, Lhat is, for every read
miss ¢ycle, two double words must be moved into the cache memory prior 0
setting the corresponding valid bit. In order to move in two double words into
the cache memory, two DRAM accesses must be completed prior to generating
the READY- to the CPU to terminate the current cycle. During the first DRAM
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Logical Organization of 128Kk Cache Memory

Physical Organizaiton of 128Kb Cache Memory Using 8K x 8 SRAMs
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access, address line 2 (A2) is inverted inside the 82C311 and the inverted A2 is
presented to the DRAM controller state machine, RAS and CAS are generated
during the DRAM cycle. During the second DRAM access, the A2 is returned to
its original state. RAS and CAS are again generated for second DRAM cycle,
At end of the second DRAM access, the requested data is available on the bus
and READY- is generated to terminate the read cycle. The 82C311 provides the
signal BST128K to invert the A2 extemnally. The address line A2 should
become exclusively OR’ed with the BST128K prior to getting connected to the
SRAM address lines. Figures 2-25 and 2-26 iilustrate the logical and physicai
cache organization for 128KB of cache memory.

The 82C311 has an option in 128K cache mode to access DRAM in page mode
during a cache read miss cycle. In this mode only one RAS is generated for both
DRAM cycles and two CAS signals are generated one for the first DRAM cycle
and the second for the next DRAM cycle. The READY- is generated at the end
of the second DRAM cycle. This increases the performance of the system. The
page mode option can be turned on by programming bit 3 of register 2F to 1.

Th =y P N N N V. Cr vt PN N PRI SIS . Y o B, T Y L R
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Cache Operation
This section illustrates the following types of cache cycles:

Read hit cycle

Read miss cycle
Write hit/miss cycle
Direct SRAM access
DMA cycle
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Read Hit Operation

When a physical address is presented to the 82C311, it uses the line index field
(A6 thra Al4 in 64KB cache memory) to select a line from the cache directory.
A line of a cache directory points to two tag entries, one from each set. The tags
stored in these locations are simultaneously compared against the processor
address lines. If a tag hit is detected and the corresponding valid bil for the
selected subline is valid, then the corresponding data in the cache is forwarded
io the processor, and the 32C311 drives the READY - signal low t0 lerminate the

read cycle.

The CRD- signal (CRDO- or CRD 1~} is generated during the read hit cycle. The
CRD- signal is connected to the ontput enable of SRAM. The Chipselect of
SRAM is grounded. If the CRD- is programmed for Chip enable mode (bit 6 of
Register 24 = 1), the CRD- is generated for write cycies aiso. The CRD- would
then be used as Chip select for SRAMs. However it is always recommended 0
use CRD- as output enable (bit 6 of régister 24 = 0} to SRAM.

However, if the current address matches the tag of both sets and both sets are
valid, a cache error occurs. An error flag is set and no memory accesses are
performed. This forces a READY to be generated by the 82C311.

Read Miss Operation

‘When a cache read miss cccurs (the requested data is not in the cache memory),
the main DRAM memory provides the data to the CPU. [t also presents the
same data to cache memory. A replacement algorithm which has the least
amount of potential performance penalty is used. The least-recently-used
(LRU} bit is an indication of which set should be replaced. A set which is not
recently used, and therefore less likely to be used in the near future, is the set
that should be replaced.

Write Hit Operation

When the CPU initiates 4 write cycle, a DRAM cycle also starts immediately
independent of cache hit or miss result. If a cache hit happens in a write cycle,
that ig the corresponding data location in DRAM is also in cache memory, both
DRAM and cache memory must be updated simultancously. Therefore, SRAM
and DRAM write cycle are initiated at the same time. SRAM cycle is much
faster than DRAM cycle and additional wait states are required to complete the
DRAM cycle. Instead of having the CPU wait for the completion of the DRAM
cycle, a temporary register between CPU and the main memory temporarily
holds the data for DRAM so the processor can continue. This is achived through
the 74F646 buffers present between CPU data bus and memory data bus in the
PEAK system.

If a cache miss occurs in a write cycle, no cache write operation accurs, only
data in the main memory is updated.

If any of the cycles, immediately following the first write cycle requires another
TATY ARA nmmmmm ssle 2l slemn s T cam moam s 2o b S1T Eenninwr srritle dlan £lmd ssremttn masmla
LIDVAUYL diAond WILLIC LG LA LIECLEIULY 1o sULL UUDY Wikl ULG LIIOL WIS LYLIG,
then additional wait states are asserted until the DRAM has completed the
previous operation.
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Direct DRAM Access

The CPU can bypass the cache to access the data in the DRAM directly. This is
achieved by writing a 0 to bit 7 of index register 20. This feature is necessary
during initial boot-up to check the integrity of the DRAM subsystem. In this
mode, no SRAM cycle is done. Every memory cycle is a single RAS- followed
by CAS access with user’s option of 2 to 4 wait states.

DMA Operation

For local memory read cycles initiated by DMA or other masters on the bus,
regardless of cache hit or miss, no SRAM is accessed. All memory read cycles
are directed to main memory and the data buffer (82C315) receives data from
the MD bus and drive the D and the SD busses.

For a local memory write cycle, the buffer’s direction is from SD bus toward
MD and D busses. Therefore, a cache miss causes the data to be written into the
DRAM only and a cache hit writes the data into the DRAM and SRAM to
maintain the coherency.

Functions Supporied by BIOS Extension

The 82C311 provides diagnostic registers to allow the user to access the on-chip
tag RAM directory through the 8-bit peripheral data bus. The entire tag '
directory RAM can be written or read from lhrough I/O instructions for
initialization or diagnostic purposes.

Cache Directory Testing
Entries within the cache directory may be read and written via the SRAM data

nort at Chingset Index Recoister 23h. The user may galect which field within the

PULt QL LRUPISUL AUGA AN Hiow LUl LS e ) Sl VWAL AL AR VY Auilil

cache directory is accessed by programming index registers 21h, 22h, and 25h.
All entries within the cache directory are contained within the 82C311 chip, and
are not dependent on the physical SRAM size.

The cache directory contains 512 cache lines in edch cache set. For each cache
line, there exists a 16-bit valid field, a 13-bit tag field, and a
Least-Recently-Used (LRU) bit. The high bytes and low bytes of tag and valid
fields must be accessed separately through Index Register 23h, and may be
tesied as separate entities. Tag fields only contain 5 bits within their high bytes,
and the upper three bits always read back as 1's,

To access a field in the cache directory, use the following procedure:

1. The cache directory may be read while the cache is enabled, but not written.
When writing to the cache directory, always disable the ¢cache first.

2. Enable access to the cache directory by setting bit 7 in index register 21h.
Also, set bil 6 when accessing a cache line number above 255, This bit, in
conjunction with the 8 bits in index register 22h, form a 9-bit cache line
number O0h to 1FFh (512 total cache lines). If accessing a tag field, specify
the byte and set using bits 3, 4, and 5 within index register 21h. When
accessing a valid or LRU field, these bits must be 0s.
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3. Register 25h is used to select the byte and cache set when accessing a valid
or LRU field. See the description of this register for the proper bit
configuration. This register must be written with the value 00h when
accessing & tag field.

4, Once index registers 21h and 25k have been programmed, write the lower 8

bits of the Cache Line Number to index register 22h.,

5. After programming registers 21h, 22h, and 25h, the user may now access the
data in the specified tag/valid/LRU field. This is done by reading/writing

Mimnnt Trndaw Dasiotae 12k Tha riaam maner sambios 17t nasnacs tha Anta in
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this field without reprogramming registers 21h, 22h, and 25h.

Line Invalidation

Any line in the cache directory can be selectively validated/invalidated through
the configuration registers. The registers involved are REG21, REG22, REG23,
and REG25.

Directory/Cache Purge

‘The directory purge can be done in the same way as line invalidation by IO
cycles through REG21, REG22, REG23, and REGZ5. The I/O read cycles read
the current values in the directory RAM, and the 1/O write cycles load the
desired values into the directory. The advantage of this mode of purging is that
a program can non-destructively examine the contents of cache directory RAM.

To purge the cache data RAM, the cache has to be disabled by REG20<7> and
tha SR AM diract accacs hit REG20<04> chourld ha tnrned QN Then, the cache

AL AN RAT A LML el GO AR L ke e b DA I AN L Taas aa

data RAM appears as part of the main memory in a 32K/64K/128KB block at an
address specified by REG24<4:0> in the first IMB,

Another way to flush the directory RAM is by using REG20<2>. If this bit is
set to 0, then all following memory access act differently. The valid field of
both sets of the particular line selected by the index field is reset to invalid (all
16 sublines/16 valid bits). To flush the entire TAG RAM, one pass through the
entire line index field is required. The LRU field in this case is ignored.

Cache Directory Freeze

The 82C311 gives an option io freeze the cache directory. A cacahe read miss
will not cause a tag RAM updtae and change of data in the cache RAM. Instead
anormal DRAM cycle will be performed. A cache write hit will update the
cache data RAM. This feature is useful for diagnostics purposes.

Cache Enable/Disable Sequence

After power-ON reset, the cache is disabled. Valid data can be loaded into
DRAM without affecting the cache. All valid bits in cache directory should be
disabled by executing /O cycles. Then the cache can be enabled. As soon as
the cache is enabled, the hit rate is set to zero since all valid bits are invalid and
the cache data RAM is empty. As the program is executed, the cache data RAM
is filled up gradually and the hit rate increases until an equilibrium point is
reached.

To disable the cache, REG20<7> can be turned OFF again to become direct
DRAM access mode only. Since the consistence between cache memory and
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main memory is always maintained, the program can continue execution from
main memory without intrusion.

SRAM Sizing

When Direct SRAM Access is enabled, (bit 4 of Register 20 = 1}, no DRAM
cycles are generated anywhere within the SRAM window. The size of the |
SRAM window is dependent on the size specified in index register 24h. If this
size specified in register 24h is larger than the amount of SRAM physically
present on the motherboard, the SRAM responds at multipie Iocations within the
SRAM window, This feature may be used as an easy method of determining the
physical SRAM size. S ' B

Examples:

1. While the cache controller is disabled, set the SRAM size to its maximum
(128Kb). At the same time, establish the SRAM window space (assume

60000h to 7FEEFh). Index register 24h should be written with the value 16h,
3 Trohla THrant CDARM Arnnaca foathit A in indaw raciotar 2MNhYy
ey Ll UL LU GLL D EUMALYL SALLUOD \M;I. UILL ™= L1 e ks oL Lr\.fll.'}I

Initiglize the entire 128Kb window to a known value {i.e., all zeros).

The SRAM used by cache set 0 begins at address 60000h, while the SRAM
for set 1 begins at 70000h. Write a pattern to the first 16Kb of set 0 (60000h
to 61ffth). Then scan the remainder of the set O address space for any
appearance of the test pattern outside of the first 16Kb. If the pattern does
not appear outside the first 16Kb, this indicates that set 0 contains 64Kb of
cache. Repeat the procedure for set 1. Both sets must be of equal size. Add
the total from set 0 and set I to obtain the total cache size.

5. If there is less than 64Kb of SRAM in set 0, then the 16Kb block repeats
itself within the allocated 64Kb set 0 address space. If there are only 16Kb.
of SRAM in set O (total of 32Kb in the system), then the user will find that
the pattern is repeated four times. If the pattern appears twice within the
window, then there are 32Kb of SRAM in set 0, or a total of 64Kb in the
system. Regardless of the total SRAM size, sets 0 and 1 must always have
the same length,

+

.-hUJ

Example:

‘Write a pattern to block I, then read blocks 2 through 4 and check for the
following conditions: T o '

* Block 1 =Block 2=Block 3 =Block4 — Setsize is 16Kb
* Block 1 =Block 3 and Block 2 = Block4 — Setsize of 32Kb
*  Pattern is in block 1 only » Sctsize is 64KDb

Set 0 and Set 1 must be of equal length, and may be added together 10
determing the total cache size. ' o

SRAM Testing

The Static RAM use by the cache controller may be tested by using the Direct
SRAM Access feature of the PEAK/386 Chipset. This feature is enabled by
setting bit 4 in Index Register 20h. Setting this bit maps SRAM over a portion
of motherboard DRAM. Read and write ¢cycles within this address space

accesses the data within SRAM, and the DRAM is effectively disabled.
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Before enabling Direct SRAM Access, make sure the cache is disabled (bit 7 in
Register 20h must be 0). Also, it is important to make sure that the SRAM
window is located at a non-intrusive location within the DRAM address space.
This is accomplished via the SRAM Configuration Register (Index Register
24h). In Register 24h, set the SRAM size and the high 4 address bits of the
SRAM Direct Access window.

Example:

If cache size is 64Kb, set bit 5 in register 24h. If the SRAM size is 128Kb, then
set bit 4. If peither of these bits are set, the PEAK/386 Chipset defaults to a
cache size of 32Kb.

In order to access 64Kb of SRAM in the address space 60000h to 6FFFFh,
Index Register 24h should be written with the value 26h.

Once that address of the SRAM window has been established, Direct SRAM
Access may be enabled by setting bit 4 in Index Register 20h. All memory
accesses within the window affect the contests of SRAM, but not the contents of
DRAM. The user may then perform pattern tests, address line tests, and other
inemory testing algorithms within the window for the purposes of testing
SRAM. The user should also test for corruption of the underlying DRAM, as
this should not occur and indicates a faulty part.

Cache Flush

QOace the cache SRAM has been tested and its size determined, the cache nust
be flushed before it can be enabled. The PEAK Chipset provides a Cache
Directory Flush feature in Chipset Register 20h. Cache Flushing is
accomplished by clearing all valid bits in the cache directory. The following

procedure is ar efficient method of flushing and enabling the cache.
1. Set the cache size in Index Register 24h to 64Kb.

2. In Chipset Register 20h, enable the flush feature (bit 2 = (), and enable the
cache controller (bit 7 = 1). The Direci SRAM Access should also be
disabled (bit 4 = 0).

3. Read any contiguous 32Kb block of memory. As each double-word of
memory is read, the cache controller determines its cache line number within
the tag directory and clear all valid bits, in both sets, correspondiing to that
line.

4, 3et the actual SRAM size in Chipset Register 24h.

5. Disable the Flush Feature by setting bit 2 in the Cache Control Register
(Index 20h)}. The cache is now enabled and ils operation will be fransparent
to any software executing on the system.

Non-Cacheabie Regions
The PEAK/386 Chipset allows the software to declare four areas of memory as
non-cacheable, Accesses to. memory within this address space will go directly

to DRAM, as though the cache controller were disabled. Any access outside
these blocks is cached normally.

The Cache Controller within the PEAK/386 Chipset allows the user to declare
any area of motherboard DRAM as being non-cacheable. This area must begin
on any 4Kb boundary, and have a minimum length of 4Kb. Up to four
non-cacheable regions may be declared. These non-cacheable blocks are
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unrelated to the memory blocks declared in registers 10h through 18h. They
may reside in any bank, and may even overlap. Declaring a noh-cacheable
block requires the user to program the following sets of registers:

Non-cacheable Block O Index Regs30h, 31h, and 38h
Non-cacheable Block 1 Index Regs 32h, 33h, and 38h
MNon-cacheable Block 2 - Index Regs 34h, 350, ;md 3%h
Non-cacheable Block 3 : Index Regs 36h, 37h, and 3%h

The following procedure is recommended for establishing a non-cacheable
block of memory:

1. Select the address at which the non-cacheable block is to start, Then clear
bits 11 through 0 of this address. This gives the address of the 4Kb
boundary on which the non-cacheable block must begin.

2. Write bits 15-12 of this address 1o the high 4 bits of index register 31h, 33h,
35h, or 37h; depending on which non-cacheable block is being programmed.
The low 4 biis shouid be icf as zeros for ihe time being. This leaves the
non-cacheable block disabled until the user is finished programming the
other registers.

3. Write bits 23-16 of the block’s startiing address to index register 30h, 32h,
34h, or 36h.

4. 'Write bits 26-24 of the block address o register 38h or 35h. Be sure to
preserve any bits relating to another non-cacheable block when performing
this step. ' ' '

5. Read back the register that was programmed in step 2. Now, set the low 4
bits to reflect the desired length of the non-cacheable region. See the '
description of these registers for the proper setting of these bits, Again, be
sure to preserve the high 4 bits of this register. ' When the length has been
set, no further cache ¢ycles will be executed within the block.

The PEAK/386 Chipset only caches areas where there is motherboard DRAM
present and enabled. Non-cacheable areas may reside anywhers within the 128
Mhyte address space supported by the PEAK Chipset. AT bus cyvcles are never
cached, so the user need not use this feature for video RAM or memory which
resides on AT adapier cards, unless these areas are shadowed in the DRAM.

Tristate feature

In this mode the outputs of the 82C311 can be tristated, This is useful in testing
the system board. The 82C311 can be put into thig mode by forcing MASTER-,
HILLDA, AEN16 low and TEST311 high.

82C311 Revisions

There are two 82C311 revisions identified as Revision B and Revision C. The
82C311 C supports both 25 and 33 Mhz, whereas the 82C311 B supports up to
235 Mhz. There are some feature differences between the 82C311 C and the
82C311 B. The differences between the 82C311B and the 82C311C are
described at the end of the section,
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I
Table 2-5.

Register Descriptions

There are 44 configuration and diagnostics registers in the 82C311. These are
accessed throngh IO ports 22H and 23H normally found in the interrupt
controller. An indexing scheme is used to reduce the number of /0 addresscs

—aainad 4 annaco

equired to access all registers needed to configure and control the CHIPSet.
Each access (either read or write) to an internal register is done by first writing
its index into port 22. This index then controls the multiplexers gating the
appropriate register data accessible as port 23H. Every access to port 23H must
be preceded by writing the index value to port 22H even if the same data port is
being accessed again. The { ) in the bit description of any bit indicates the
default value after power up. The registers mentioned here refer to the
82C311 Revsion C.

CPU/Cache Controllers Internal Registers

This indicates the version of the 82C311 bits 7:6 indicates the version number.

Name: Version Register (READ ONLY)

Indax Bits Values and Functions

04H 7:6  Versionnumber
10: Version mumber for 311C
5:0  Reserved (000000}
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Table 2-6, Name: AT Bus Command Delay (READ/WRITE)

Index Bits

Values and Functions

05H T:6

AT Bus 32 bit memory command delay.

800) : 0 BCLK delay.
1:1BCLK delay.

10 : 2 BCLK delays. -
11 : 3 BCLK delays. -

5:4

AT Bus 16 bit memory command delay.

(00) : Q BCLK delay.
01:1BCLK delay.

10: 2 BCLK delays.
11 : 3 BCLK delays.

32

AT Bus 8 bit memory command delay.

00 : 0 BCLK delay.

(01) : 1 BCLK delay.
10: 2 BCLK delays.
11:3 BCLK delays.

1:0

AT bus 1/O eycle cormumand delay.

00 : 0 BCLK delay.

(01): 1 BCLK delay.
10: 2 BCLK delays.
113 BCLXK delavs.

Table 2-7. Name: AT Bus Wait State Control (READIWRITE)

Index Bits

Values and Functions

06H 7:6

54

3.2

32 bit AT Bus wait state.
{00): 3 BUSCLK wair states.
01 : 2 BUSCLK wait states.
10: 1 BUSCLK wail statc.
11 : 0 BUSCLK wait states.
16 bit AT Bus wait state
(00): 3 BUSCLK wauit states.
01 : 2 BUSCLK wait states,
10: 1 BUSCLK wait state.
11 ; 0 BUSCLK wait states,
8 bit AT Bus wait state.
{00 5 BUSCLK wait states.
01 : 4 BUSCLK wait states.
10 : 3 BUSCLK wait state.
11 : ZBUSCLK wait states.

AT Bus address hold time. This feature is used if some AT cards
require extra address hold time for relaible operation. This bit causes
READY.- to be generated 1 CPU wait state later then normal AT
cycle. It keeps the data vaild longer for write cycles

(0) : Disable extra address bus hold time,
1 : Enable extra address bus hold time of one CPU wait state
Reserved
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Table 2-8.  Name: Identification (READIWRITE) {

Index  Bits Values and Functions .

08H 73 Keserved
2 {0): AF32 wil] not be asserted for non local memory cycle, AT cycle

is performed for address range not falling in the D adddress
area.
1

1 : If the address is more than 16MB and if no physical memory is
configured then AF32 will be asseried. In this case no READY- is
generated by the 82C311. There should be an external logic which
identifies this address and generate READY to end the cycle. If
READY- is not asserted by external logic then the 82C316 and the B
82C311 generates READ¥~ on time out if it is prﬁar{med(reg 26
bit 2 in the 82C316 and the 82C311) and also an NMI is generated
by 82C316{see note).
1 (0): Only 512K ensbied. Ignore memory address configuraiion
registers OCH thru OFH. en this bit 15 0.
0: Normal configuration controlled by registers 0CH through OFH.

0 Reserved default = 1 (should be always 1)

Note: If AF32- can be pulled low by external logic for any address range, as AF32-isa
bidirectional input, in which case READY_should be generated by extermal [ogic.

T -
Table 2-9. Name: Low Boot Space RAMIROM Configuration (READIWRITE)

Rits 7 1o 4 disable writing to RAM located in the BIOS area in 64KB blocks.
Bits 3 to 0 enable substitution of the BIOS ROM located below IMB with RAM
at the same location in 64K B blocks. This should be done after the BIOS code
has been copied from the ROM and the RAM locations have been write
protected using bits 7 1o 4.

y©- N
Index Biis  Values and Functions .
09H 7 64K B RAM type at 768K CQ000-CFFFFH (EGA).

(0): 64KB of RAM at 768k is read/write . ) y
1 : 64KR of RAM at 768k is read only.

6 64KE RAM 1ype at 832K DO000-DFFFFH .

(@) : 64KB of RAM at 832k is readfwrite .
17 : 64K of RAM at 832k is read only.

5 64KB RAM type at 896K E0Q00-EFEFFH.
(0) : 64KT2 of RAM at 896k is read/write .
1 : 64KB of RAM at 896k is read only.
4  64KB RAM type at 960K FOQ00-FFEFFH (BIOS).

(0) : 64KB of RAM a1 960k is read/write .
1 : 64KB of RAM a1 960k is read only.

3 64KB ROM type at 768K CUOU-CFFFFH (EGA).
(0) : 64KB of ROM at 768k is disabled.
1 : 64KB of ROM at 768k is enabled.

(0) : 64K B of ROM a1 832k is enabled,
1 : 64KR of ROM at 832k is dissbled.

1 64KBROM Lype at 896K EO000-EFFFFH.

{0} : 64KB of ROM ar 96k is cnabled.
1 : 64KB of ROM a1 896k is enabled.

0  64KB ROM type at 960K FO000-FFFFFH (BIOS).

(0) : 64KB of ROM a1 960k is readfwrite .
1 :64KB of RAMal‘i’éSk is read only.
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Sequence of tyurning ON the shadow RAM for BIOS ROM:
1. Enable the ROM space in registei 09H and make the RAM read/write-able.
2. Enable the corresponding local memory by using register OFH.

3. Read the contents of the ROM and wrile it to the local memory. Since a
memory write cycle will not generate ROMCS-, the data will be written into
the DRAM.

4. Upon completion of the data transfer from the ROM to DRAM, program
register 9 to disable the ROM and make the DRAM read only.

Sequence of turning ON the shadow RAM for EGA ROM:
1. Enable the ROM space in régister 09H and make the RAM read/write-able.

2. Disable local memory located at 0CO00H to OCFFFH using register 0EH bits
4-7, :

3. Read the contents of the EGA ROM into one of the CPU registers.

4. Enable the comresponding local memory located at 0CO00H to O0CFFFH by
using register OEH bit 4-7.

5. Write the data from CPU register(where data was stored) into the memory.
Since the memory located at 0CO00H to OCFFF is now enabled, the memory
write cycle will be directed to the local memory system instead of the EGA
memory. '

6. Go back to step 2 until all the data are transfered from ROM into DRAM.

7. Upon completion of the data transfer from ROM to DRAM, program the
register 9 to disable the ROM and make the DRAM read only.

Name: Memory Enable Map 080000-09FFFFH (READIWRITE)

Bit 0 enables the lowest and bit 7 enables the highest 16K block. For Example,
bit T will control the 16KB block from 512K to 528K. This permits 16K blocks
of memory to be disabled allowing ROMS, memory expansion schemes (EMS,
EEMS or XMA) or memory mapped /O devices to reside within the lower
1MB address space. . -

Index Bits Values and Functions
OCH 7:0  Enable bits for eight 16K blocks of memory.

0 : Address is on or contrelled by the system board; 16K block
enabled. !

(1): Address is on the I/O channel; 16k block disabled.
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Table 2-11.

||
Table 2-12.

|
Table 2-13.

N
Table 2-14.

Name: Memory Enable Map 0AC000-0BFFFFH (READIWRITE)

Index Bits Values and Functions

onu 7:0  Enable bits for eight 16K blocks of memory.

WALk

0 : Address is on or controlled by the system board; 16K block

enabled.

(1): Address is on the I/O channel; 16k block disabled.

Name: Memory Enable Map 0C0000-0DFFFFH (READIWRITE)

Index Bits Values and Functions

0EH 7:0  Enable bits for eight 16K blocks of memory.
0 : Address is on or controlled by the system board; 16K block

enabled.

(1): Address is on the I/O channel; 16k block disabled.

Name: Memory Enable Map OEQ000-0FFFFH(READIWRITE)

Index Bits  Values and Functions

OFH 7:0  Enable bits for eight 16K blocks of memory.
0 : Address is on or controlled by the system board; 16K block

enabled.

{1): Address is on the I/O channel; 16k block disabled.

Name: Block O Type and Starting Address (READ/WRITE)

This register defines the type of memory in block 0 and the starting address of
the block. Since a block contains 2 banks the memory type defined applies to

both the banks and starting address applics to the block.

Index Bits  Values and Functions

10H 7:6  DRAM typein block 0.
00 : Block 0 disabled.
(01} 256Kx1 or 256Kx4 DRAMSs.
10 : 1Mx1 or IMx4 DRAMS.
11 : 4Mx1 or 4Mx4 DRAMS.
5:0  Starting address 26:21 (000000).

TVionhlad Rlawma
LADGLRA LN

256K 26:21 {2MDB per pair of banks).
1M 26:23 (8MD per pair of banks).

4M  26:25 (32MB per pair of banks. A24:21 ignored in this register).

Default = 40H
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Table 2-15, Name: Block I Type and Starting Address (READ/WRITE) ,
This register defines the type of memory in block 1 and the starting address of

the block,

Index Bits

Values and Functions

12H 7:6

5:0

256K
1M
4M
Default = 3FH

DRAM rype in block 1.
{00): Block 1 disabled.
01: 256Kx1 or 256Kx4 DRAMs.
10: 1Mx1 or IMx4 DRAMs,
11 : 4Mx1 or AMx4 DRAMs.
Starting address 26:21 (111111).
Disabled None
26:21 (2MB per pair of banks).
26:23 (8MB per pair of banks).
26:25 (32MB per pair of banks. A24:21 ignored in this register).

Table 2-16. Name: Block 2 Type and Starting Address (READIWRITE)

Index Bits

Values and Functions

14H 7.6

5:0
256K

aM
Default = 3FH

DRAM type in block 2.
{00): Block 2 disabled.
01: 256Kx1 or 256Kx4 DRAMs. }
10: IMx]1 or 1Mx4 DRAMs. ' B
11: 4Mx1 or 4Mx4 DRAMs.
Starting address 26:21 (000000).
26:21 (2MB per pair of banks).
26:25(32MRB per pair of banks A24:21 ignored in this register)

Table 2-17. Name: Block 3 Type and Starting Address (READIWRITE)
This register defines the type of memory in block 3 and its starting address.

Index Bits  Values and Functions
16H T:6  DRAM iype in block 3. .
(00): Block 3 disabled.
01 : 256Kx1 or 256Kx4 DRAMSs.
102 IMx1 or IMxz4 DRAMS.
11 : 4Mx1 or 4Mx4 DRAMS.
5:0 . Starting address 26:21 (111111).
Disabled None
256K  26:21 (2MB per pair of banks). .
1M 26:23 (BMB per pair of banks). .
AM 26:25 (32MB per pair of banks A24:A21 ignored in this register).
Default = 3FH
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Table 2-18. Name: Block 0 RAM Timing and RAS- Pulse Width During Refresh of all

Barks(READIWRITE)
This register defines wait states, RAS precharge, and RAS pulse for all banks.

-

e

Index  Bits Values and Functions
11H 76 DRAM wait state,
00 : 3 wait states.

01 : 3 wait states.
(10): 4 wait states.
11 : 5 wait stales
5 Reserved. Default Value (0)
4:3  RAS- precharge time.
00 : 4CLK2Z cycles.
01: 6CLK2 cycles.
10 : 8CLKZ cycles.
(11): 8CLK2 cycles.
2:1 RAS- pulse widih during refresh (for ail banks).
00 : 4 CLK2 cycles.
01 : 5 CLK2 cycles.
10: 6 CLK2 cycles.
(11): 7 CLK2 cycles.
Iy} Reserved. Default Value (0)
Default = 9E . -

[ |
Table 2-19. Name: Block 1 RAM Timing (READIWRITE)}

Index Bits Values and Functions
13H 7:6 DRAM wait state.
00 : 3 wait states.

01 : 3 wait states.
{10): 4 wait states,
11 : 5 wait states
] Reserved. Default value (0)
4:3  RAS- precharge time.
00 : 4 CLK2 eycles.
01:6 CLK2 cycles
10: 8 CLK2 cycles
(11): 8 CLK2Z2 cycles
2:0  Reserved. Default value (0}
Default = 98H
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Table 2-20. Name: Block 2 RAM Timing (READI/WRITE)

This register defines wait states, RAS precharge for block 2.

Index Blts

Values and Functions

15H 76

4.3

2:0
Default = 98H

DRAM wait state,

00 ; 3 wait states.

Q1 : 3 wait states.

(10): 4 wait states.

11 : 5 wait states.
Reserved. Default value(Q)
RAS- precharge time.

00 : 4 CLK2 cycles.

01 : 6 CLK2 cycles

10: 8 CLK2 cycles

(11): 8 CLK2 cycles
Reserved. Default Value(0)

Table 2-21. Name: Type of Barks Filled in cach Block (READIWRITE)

This register defines wait siates, RAS precharge for block 3.

Index Bits

Values and Functions

17H 7:6
5
4:3
2:0
Default = 9FH

DRAM wait state.

00 : 3 wait states.

01 : 3 wail stales.

(10%: 4 wait states. T

11 : 5 wail states )
Reserved. Default value{D)
RAS- precharge time.

00 : 4CLK2 cycles.

01 : 6CLK2 cycles.

10: 8CLK2 eycles.

(11): 8CLK2 cycles.
Reserved. Default value(111)

PRELIMINARY
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Table 2-22. Name: Type of Banks Filled in each Block (READ/WRITE)

This register defines how many banks are present in a block. For example, if
bit 3 =0 only one bank i.e., bank 6 is present in block 3 and bank 7 is absent.

Index Bits

Values and Functions

18H T4
3

Reserved. Default value(0)
Block 3 Type. -
(0): Cne-Bank Filled.
1 : Two-Banks Filled.
Block 2 Type.
(0): One-Bank Filled.
1 : Two-Banks Filled.
Block 1 Type.
(0): One-Bank Filled.
1 : Two-Banks Fiiled.
Block O Type.
{0): One-Bank Filled.
1 : Two-Banks Filled.

Table 2-23. Name: Cache Control (READ{WRITE)

This register controls the cache operations, and is used for direct SRAM access,
refresh type, and cache enable operations.

Index Bits

Values and Functions

20H 7

0
Default = 0D

Cache Enable bit.

50): Cache disabled.
: Cache enabled.

Reserved. Default value(0)
Enable Freeze cache directory bit.

SO): Normal cache operation, .

: Freeze cache directory. A cache read miss will not cause a
tag RAM update and change of data in cache data RAM. Instead a
normal DRAM read operation will be performed. A cache write hit
will update the cache data RAM.

Enable Direct SRAM access.

gO): Normal cache operation,
: Access SRAM directly for 32 KB cache

Refresh Type

0 : Hidden refresh.
(1): AT- refresh scheme is used in the system (with CPU
being in HOLD state)

Flush cache directory.

0 : Enable cache dircctory flush. When this bit is enabled
(1): Nommal cache operation.

One Wait state for cache memory non-pipelined accesses.

SO): One wait state SRAM acgess for non-pipelined cycles.
: Zero wait states for non-pipelined cycles.

Reserved defanlt value(l)
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.
Table 2-24. Name: Directory RAM Control I (READIWRITE) _ _

This register, along with registers 22, 23, 25, is used for SRAM testing, tag
RAM testing, and SRAM sizing. ' N

Index  Bits  Values and Functions
21H 7 Enable Directory Access.
0: Disable cache directory access.

(]}) : Enable cache directory to be accessed through 8 bit
peripheral data bus.

6 T8 - Highest pointer bit to directory RAM.
(0): The 1st 256 entries of directory RAM.
1 : The 2nd 256 entries of divectory RAM.
5 $2-Bit 2 of pointer to tag field.
S1-Bit 1 of pointey to tag field.
3 S0-Bit 0 of pointer to tag field.
52 51 30 Usage.
(0)(0)(0): Disable access to tag field.
1 0 0: Access set 0 high byte (A<22:26>).
1 0 1: Access set 0 low byte (A<14:21>,
1 1 0: Access set 1 high byte (A<22:26>).
1 1 1:Accessset 1 low byte (A<14:26>),
2:0  Reserved Default value{000)
Default = 40

I
Table 2-25. Name: Directory RAM Control INREAD/WRITE)

Index  Bits Values and Functions
25H 7:5  Reserved Default value(000). .
4:3  Valid field of set 1 access. .
(00): Disable.
01 : Reserved.
10 : Enable access to Valid field of set'1 high byte.
11 : Enable access 1o Valid field of set 1 low byte
2:1  Valid feld of set O access. .
{00): Disable valid field access. i
01 : Reserved. .
10 : Enable access to Valid field of set 0 high byte.
11 : Enable access to Valid field of set 0 low byte
0 LRU feld access. S
(0): Disable LRU ficld access.

1 : Enable access 1o LRU field. To access the LRU field, use
the XDO0 bit, XD<1:7> are unspecified.

Default = ()
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I
Table 2-26. Name: Low Bits of Directory Address Pointer(READ/WRITE)
index  Bits Vajues and Functions
22H Low order address bits for tag RAM directory. Together with
REG21<6> they form a 9 bit address for 512 entries.
Default = FF _
I
Table 2-27. Name: Reference Location(READ/WRITE)
Index Bits Values and Functions
23H 7.0  Used as areference location to directory RAM access. In order to

access the cache directory

1. Program REG21<7>=1 to enable directory access and setup the
apropne.':ltc bits of register 7 for proper selection of field to be
accessed.

2. Load register 22H with the intened line number to be accessed.

3. Following IfO read from register 23H will read the contents of the
directory m A T/O write to mndex register 23H will cause data
to be written into the directory RAM.

Table 2-28. Name: SRAM Configuration and Direct Access Address (READ/WRITE)

This register is used to define the size of the cache and for direct SRAM

acCcesses.

Index

Bits

Values and Functions

24H

7
6

3:0

Reserved Default value(0)
SRAM output enable control.

(0): CRDO# and CRD# function as output enable. The
CRDO{or 1) goes active for cache read hit cycles and these are
comnected to output enable of SRAMs. The SRAM chip enables
should be coneected to ground.

1 : CRDO# and CRD1# function as chip select. The CRDO(or 1)
is comected to chip enables of SRAM. The CRD signals go acuve
for both read and write cycles.

Amount of cache memory.
{0): 32 KB data cache.
1: 64 KB data cache.
128KR cache option,
(0): Disable 128KB cache option.
1 : Enable 128KB cache option.

The highest 4 address bits for SRAM direct access. Default
value(I111) _

Table 2-29. Name: Error SourcelAddress (MSBs)

Index

Bits

Values and Functions

28H

7

2:0

Parity check enable(READ/WRITE). The PEN- signal will be active
during local memory cycles.

0 Parity check s enabled
(1) Panity check is disabled
Cache error status bit (READ/WRIT! 3 When this bit is read and if

itis a 1, then a cache error has occured. To clear this bit, a zero
should be written.

Error address bits A26 to A24 (READ ONLY). The address bits
A26 - A24 are stored in these bits on a parity emror. LPAR.- signal
latches these addresses.
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[
Table 2-30. Name: Error Address (LSBs) (READ ONLY)
. Index Bits Values and Functions
29H 7-0  Emror address bits A23 to Al6. The address bits A23- Al6 are
latched on parity error. LPAR- signal latches these address bits.
||

Table 2-31. Name: Memory Enable Map 0-07FFFFH (READ /WRITE)

Index Bits Values and Functions
2AH 71 Reserved.

0 Enable/disable 0 to 512K on board memory (DRAM). This bit along
with bit 1 of register 08 can disable all the memory between 0 to
1MRB of on board memory. This bit should be setto 1.

(0): Disable 0 to 512K on local memory.

1: enable 0 to 512K on local memory.
Default = 00

I
Table 2-32. Name: Miscellaneous Control (READIWRITE)

Index  Bits Values and Functions
2BH 7 Memory Remapping.
(0): Reserved

6 Fast Gate A20 enable. This bit enables or disables the FAST
_ GATEAZ20 of the 82C311. This bit when set provides performance
improvement when the software{for examfple QS5/2) switches
between prolected mode and real mode of 80386. The 82C311
identifies the [/O address 60 and 64 and generates GATEAZD
internally. This feature can be overridden by register 2F bit 6.

0 : Disable Fast Gate A20. . =
{1): Enable Fast Gate A20.
5:3  Reserved.(000)
2:1 AT Burst Refresh Control.
(00): No Burst.(it is recommended to use NO BURST)
01 : Bursi of 4.
10 : Burst of 8.
11 : Burst of 16.

0 Coprocessor prescrt.

{0); Coprocessor does not exist.
1 : Coprocessor exiss. ~

Note: Bit 0 of register 2BH reflects REGO7 of 82C315 and the BIOS should set this bit
ifézﬁrdingly. The status of this bit should remain unaltered after any WRITES to register
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Table 2-33. Name: Middle Boot Space RAMIROM Configuration (READ /WRITE)

This register is used to enable or disable the RAM in the area 15.768MB to
16MB. When the RAM is disabled, ROMCS- will be generated and a ROM can
be present in that address range. When ROM is disbled, RAM is automaticaaly

2-46

enabled. When RAM is enabled it can be write protected.

Index

Bits

Values and Functlons

2CH

7

. .. L CLATSTI M AR e 18 TLOLATY
L YR Uk U5 LLD BOAGYL dl Lo 7UOIVLD,

(0): 64KB of RAM at 15.768MB is RfW.

1: 64KB of RAM at 15.768MB is read only.

Type of 64KB RAM at 15.832MB.
(0): 64KB of RAM at 15.832MB is R/W.

1: 64KB of RAM at 15.832MB is read only.

Type of 64KB RAM ar 15.896MB.
(0): 64KB of RAM at 15.896MB.is R/W.

I :64KB of RAM at 15.896MB is read only.

Type of 64KB RAM at 15.960MB.

(0): 64K of RAM at 15.960MB is R/W.

1: 64KB of RAM at 15.960MB is read only.
Enable 64KB ROM at 15.768MB.

{0); 64KB of ROM at 15.768MB is disabled.

1: 64KB of ROM at 15.768MB is enabled.
Enable 64KB ROM ar 15.832MB.

(0): 64KE of ROM at 15.832MB is disabled.

1: 64KB of ROM at 15.832MB is enabled.
Enable 64KB ROM at 15.896MB.

(0); 64KB of ROM at 15.896MB is disabled.

1:64KB of ROM at 15.896MB is enabled.
Enable 64KB ROM at 15.960MB.

0 : 64KB of ROM at 15.960MB is disabled.

{1): 64KB of ROM at 15.960MB is enabled.
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Table 2-34. Name: Page Mode Posted Write Control i N
This register is used to enable the page mode DRAM operation during a read
miss cycle when 128K of cache is present. This is also used to enable FAST
GATEA20 and control wait state for posted write cycle. 7

Index Bits

Values and Functions

2FH 76
5

0
Defanlt =00 _

Reserved. should be 0
(1} Enable FAST GATEAZ20.
0 Disable FASTGATEA20.
This bit overrides the bit 6 of index register 2BH
(0) Adds no extra wait states between back to back DRAM cycles

1 Adds one extra wait state between CAS- inactive and the
g(zz,‘l(ll%vi’i? RAS- pulse. This bit is recommended Lo be set for the

(0) Page mode operation disabled for a read miss cycle for 128K
cache operation.

1 Page mode enabled for a read miss cycle for 128K cache
opeartion. In this mode RAS- remains active for two 32 bit memory
read cycles during cache miss cycle, This feature allows use of page
mode DRAMs and saves one wait state during cache read miss ¢ycle.

(0) Enables zero wait state posted write cycles
1 Adds one wait state for posted write cycles
(0) Enables posted write cycles for DRAM.

1 Diasbales posted write cycles for DRAM.
(0) Reserved

i o . %

Table 2-35. Name: Block 0 Non-Cacheable address A23 10 A16 {READIWR}'T E)

Index Bits

Values and Functions

30H 70

Block 0 Non-Cacheable addsess A23 to Al6.

Table 2-36. Name: Block 0 Non-Cacheable address A15 to A12 and Size (READ/WRITE)

Index Bits

Values and Functions

31H 7:4
3:0

Block 0 Non-Cacheable address Al5 o A12.
Non-Cacheable Size.

(0000): Disabled.
0001 : 4 KB.
0010: 8 KB.
0011:16KB.
0100:32KB.
0101 : 64 KB.
0110: 128 KB.
0111 :256 KB.
1000 : 512 KB.
1001 : 1 MB.
1010 : 2 MB.
1011 : 4 MB.
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[ |
Table 2-37. Name: Block 1 Non-Cacheable address A23 to AI6 (READ/WRITE}

Index  Bits Values and Functions
32H 7.0  Rlock 1 Nen-Cacheable address AZ3 to AlS.

Tablp 2-38. Name: Block 1 Non-Cacheable address AI5 to A12 and Size (READIWRITE)

Index  Bits Values and Functions
33H 7:4  Block I Non-Cacheable address A15 to A1Z.
3:0  Non-Cacheable Size.
(0000):Disabled.
0001 : 4 KB.
0010 8KEB.
0011 : 16 KB.
0100:32 KB.
0101 : 84 KB.
0110: 128 KB.
0111:256 KB,
1000 : 512 KB.
1001 : 1 MB.
1010 :2 MB.
1011 :4 MB.

|
Table 2-38. Name: Block 2 Non-Cacheable address A23 to Al6 (READ/WRITE)

index Bits Values and Functions
34H 7:0  Block 2 Non-Cacheable address A23 to Al6.

Table 2-40, Name: Block 2 Non-Cacheable address A15 1o A12 and Size (READ/WRITE)

index Bits Values and Functlons
35H 7:4  Block 2 Non-Cacheable address A15 10 Al2.
3:0 Non-Cacheable Size.
(06000 Disabled.
0001:4 KB.
0010: 8 KB.
0011 : 16 KB,
0100 :32 KB,
0101 : 64 KB,
0110: 128 KRB,
0111 :256 KB.
1000: 512 KB. ‘
10601 : 1 MB.
1010:2 MB.
1011 : 4 MB.
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[
Table 2-41. Name: Block 3 Non-Cacheable address A23 to A16 (READ/WRITE)
. Index  Bits Values and Functions
36H 7:0 Block 3 Non-Cacheabie address A23 to Al6.
| ]

Table 2-42. Name: Block 3 Non-Cacheable address AI5 to Al2 and Size (READ/WRITE)

Index  Bits Values and Functions
37TH 7:4  Block3 Non-Cacheable address Al5 to Al2.
3.0  Non-Cacheable Size.
{0000):Disabled. .
0001 : 4 KB.
0010: 8 KB.
0011 : 16 KB.
0100:32KB.
0101 : 64 KB,
0110: 128 KB.
0111 : 256 KB.
1000: 312 KB.
1001 : 1 MB.
1010: 2 MB.
1011 : 4 MB.

Table 2-43. Name: Non-cacheable address A26 10 A24 (READIWRITE)

Index Bits  Values and Functions

38H 7:6  Reserved,
5:3  Block 0 Non-Cacheable address A26 10 A24.
2:0 Block 1 Non-Cacheable address A26 to A24.

I _
Table 2-44. Name: Non-Cacheable address A26 to A24 (READ/WRITE)

Index Bits  Values and Functions
39H 7:6 Reserved.
52 Block 2 Non-Cacheable addre

2:0 . Block 3 Non-Cacheable address A26 1o A24, - .

e

i

o
[\*]
[
=
~

I _ _
Table 2-45. Name: Fast Reset Control Register B LT o

Index  Bits Values and Functions
60H 7:6 Reserved. ) -

5 Alternate CPU reset. A low to high iransition activates a CPU reset.
4:0  Reserved.
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Table 2-46. Name: Time-out Register (WRITE ONLY)
Index  Bits Values and Functions .
26H 73 Reserved.

2 Enable READY time out. The READY- is generated by the 82C311
when an extemal device which pulls AF32- Tow fails to generate
READY- to the CPU. This feature can be enabled or disabled. This

is a write only bit. .
(®): READY time out disabled

1 : READY time out enabled
1:0  Reserved.
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Pin #

Symbol

Type

Signal Description

78

CLK2

I

CLOCK 215 2 CMOS input for the memory controller and the
80386. It is derived from CLK2IN input of the 82C315. This
clock can also be programumed in the §2C315 to be the same as
BCLK. ThlS pm is connecr.ed to CLK2 of 82C315.

79

BCLK

et

BCLK is a CMOS input clock signal from the 82C315 and is
used for the AT Bus Siate Machine. Itcan be 1/2, 1/3, 1/4, or
1/5 of CLKZ2 in frequency or ATCLK1.

39

BUSCLK

BUS CLOCK is a clock output to the AT expansion BUS.
This signal has a 4mA drive capability. It is one half of the AT
bus state machine clock frequency BCLK.

84

SCLK-

SYSTEM CLOCK is from the 82C315 and is CLLK2 divided
by two and is an output generated as a reference to verify the
phase relationship of the internal clock of the 80386. This is a
CMOS input signal.

RESET1-

RESET 1 is an active low (schmiti-triggered) thput which is
generated by POWER GOOD for a cold reset. When low, it
activates RESET3 and RESET RESETI is latched internally.

RESET2-

RESET 2 is an active low input whlch is generated from 8042
Keyboard Controller for a warm reset. It forces a CPU reset by
activating the RESET3 sxgnal

122

RESET3

RESET 3 is an active high output s1gna] which is used to reset
the 80386 and the 80387 whenever RESETI- or RESET2- is
active. It is also activated during CPU shutdown cycles.
RESETS3 will remain active for at least 78 CLK2 cycles. This
signal has a 8mA drive capabﬂuy

123

RESET4

RESET 4 is an active high output w}uch is usad to reset the AT
Bus, 8042, and 82C316. This signal has an 8mA drive
capacility. RESET4 is synchronized with SCLK-.

READY-

o

READY is an active low bidirectional signal. T is an output
after requested local memory or I/O data transfer is completed.
Tr e han RHTITE sanaratac randu far I87 ruclac ar

It is an input when 82C316 generates ready for 387 eycles or
time out ready for cycle termination or when Weitek
coprocessor generates ready.  As an output, this signal has an
8mA drive capability.

22

ADS-

ADDRESS STROBE is an active low input from the 80386
ADS- pin. ADS- indicates valid bus cycle definitions (ie.
W/R-, D/C-, M/IO- and BE<0:3>-) and addresses (A2 (o A31).
A 10K pull- ~up resistor is recommended on this pin,

CHIPS and Technalegies, Inc.
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Pin# Symbol

Type

Signal Description

21 WR-

/0

WRITE/READ status is a bidirectional signal from the 80386
W/R- pin. As an input, during local memory or I/O cycles.
WR- indicates a write bus cycle when high and a read bus
cycle when low. As an output, this signal has a 1mA. drive
capability. During the DMA cycle, WR- is the same as
MEMR- and has 4mA driving capability. 4 10K pull-up
resistor is recommended on this pin.

20 - DG

DATA/CONTROL is an input from the 80386 D/C- pin. DC-
indicates a data cycle when high and 2 cormmmand cycle when
low. A 10K pullup resistor is recommended on this pin.

19 M/IO

MEMORY/IO is an input from the 80386 M/IO-. Pin M/O-
indicates a memory cycle when high and an IfO cycle when
low. A 10K pullup resistor is recommended on this pin.

106 HOLD

HOLD request is an active high cutput 1o the 80386 HOLD
pin. HOLD is used to request to the CPU to relinquish the use
of the bus to another requesting master (HRQ1, HROZ, or

35 HLDA

REFREQ). This signal has 2 4mA drive capability.
HOLD ACKNOWLEDGE is an active high input from the
80386 HLDA pin. When high, HLDA indicates that the CPU

has relinquished the system bus in response to an active
HRQ1, HRQ2, or REFREQ signal to the 82C311.

3-5 BE<0:3>-

o

BYTE ENABLEs BEQ- through BE3- are activa low
bidirectional signals. Indicating the status of the system 4 data
bytes. BE3- controls the most significant byte while BEO-
controls the least significant byte. These signals are inputs
from the 80386 BE<0:3> pins during 2 CPU cycle. As
outputs, BE<(:3>- are generated during DMA cycles based on
the status signals XAQ, XAl, and XBHE-. As an output, these
signals have a 4mA drive capability.

25 OWs-

ZERO WAIT STATE is a schmitt-triggered active low input
from the AT Bus, causing termination of the AT bus cycle. 16
or 32 bit memory or I/O cards residing on the AT expansion
bus use this line to speed up accesses. This signal requires &
330 ohm pull-up resistor.

38 102X CS-

102X CHIP SELECT is a active low Input signal from the
82C316 and is 2 I/O decode of addresses 022H OR 023H. Itis

rand 1A are tha intameal inday, ey H Tetor
used 1o access the inremnal indexed configuration registers of

the PEAK 386/AT CHIPSet.

107 HLDAI

HOLD ACKNOWLEDGE 1 is an active high output signal 1o
the 82C315 and 82C316 and indicates that the CPU has
relinquished comtrol of the system busses in response to HRQ1
(DMA. or master cycle). This signal has 2 2mA drive
capability. i
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Pin #

Symbol

Type

Signal Description

34

REFREQ

I

REFRESH REQUEST is an active high input signal generated
from the OUT1 pin of the 82C316 (OUT1 is generated by a
8254 compatible timer controfler in the 82C316 in a PC/AT
implementation}, When active, REFREQ initiates 2 DRAM
refresh sequence. L

108

HLDA2

HOLD ACKNOWLEDGE 2 is an active high output signal
and indicates that the CPU has relinguished control of the
system busses in response to HRQZ2. This signal has a2 ImA
drive capability.

83

HRQ1

HOLD REQUEST 1 is an active high input signal and it is
used (o indicate a DMA/Master is requesting the use of the
bus. For an AT compatible architecture HRQ] should be
connected to the hold request signals HRQ from 82C316.

82

HRQ2

HOLD REQUEST 2 is an active high input signal and
indicates a DMA/Master is requesting the system busses. This
pin should be tied to ground if it is not used.

36

AENS-

ADDRESS ENABLE for 8 bit DMA wansfers is an active low
input signal from one of the two DMA controllers. When
active, AENS- enables the address latches for 8 bit DMA
transfers. It is inactive when the external bus master controls
the system bus.

37

AEN16-

ADDRESS ENABLE for 16 bit DMA transfers is an active
low inpui signal from one of the iwo DMA controllers. When
active, AENE- enables the address laiches for 8 bit DMA
transfers. It is inactive when external bus master controls the
system bus. |

42

MCS16-

pin.

MEMORY CYCLE SELECT 16 is an active low input signal
from the AT bus. When active, MC816- canses a 16 bit
memory access on the I/O charmel. When both MCS16- and
MCS32- are not active then the current memory cycle is an 8
bit cycle. A 330 ohm pull-up resistor is recommended en this

44

MCs32-

MEMORY CYCLE SELECT 32 is an active low input signal
from the AT bus. When active, MCS32- causes a 32 bit
memory access on the I/O channel. When both MCS16- and
MCS32- are not active, then the current memory cycle is an 8
bit cycle. A 330 chm pull-up resistor is recommended on this
pin. o : I

43

IOCS16-

I/0 CYCLE SELECT 16 is an active low input signal from the
AT bus, When active TOCS16- cauees 2 16 bit O access on

the IfO Channel. JIOC816- and IOCS32- are not active then the
current [/O cycle is a 8 bit eycle. A 330 ohm pull-up resister is
recommended on this pin. '

PRELIMINARY ' 253
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Pin #

Symbol

Type

Signal Description

45

10CS32-

YO CYCLE SELECT 32 is en active low input signal from the
AT bus. When active JOCS32- causes a 32 bit }/O access on
the I[fO Channel. I0CS16- and IOCS32- are both not active
then the current /O cycle is a 8 bit cycle. A 330 ohm pullup
tesistor is recommended on this pin.

152

o

REFRESH is a active low schmitt triggered bidirectional
signal. As an input, REFRESH can be used to force a refresh
cycle from an [/O master device. As an output, REFRESH
initiates a refresh cycle for the DRAMs. A 620 ohm pull-up
tesistor 1s required on this pin. As an output, this signal has an
1ZmA drive capability.

94

BST128K

BST128K is used to control the A2 inversion in 128KB data
cache mode, BST128K is EXclusive ORed with A2 10
produce the Jowest address bit for the cache memory. During a
read miss cycle in 128K mode option, BSTI28K is at 2 high
level during the first half of the cycle and will toggle low for
the second half, BST128K is at a low level all other times.
This signal has a 2mA drive capability,

153

LDBEN-

LOCAL DATA BUS ENABLE is an active low output to four
octal bus ransceiver and register components {(646). When
LDBEN- and LDBDIR are low then the current values on the
DRAM data lines are transceived on to the CPU data lines.
When LDBEN- is low, LDBDIR is high and BWBUSY is low;
then the current blaves on the CPU data lines are transceived
on to the DRAM data lines. When LDBEN- is low, LDBDIR
is high and BWBUSY is high; then the values on the CPU data
lines during the rzised edge of LDBCARB are transceived on to
the DRAM data lines. This signal has a 4mA drive capability.

154

" LDBDIR

LOCAL DATA BUS DIRECTION controls the direction of
the four octal bus transceiver and register components needed
between the Local Data and the Memory Data Busses. When
LDBEN- and LOBDIR are low then the current values on the
DRAM data lines are transceived on to the CPU data lines.
When LDBEN- is low, LDBDIR is high and BWBUSY is low
then the cuwrrent values on the CPU data lines are transceived
on to the DRAM data lines. During buffered write cycles,
when LDBEN- is fow, LDBDIR is high and BWBUSY is high
then the values on the CPU data lines during the rising edge of
LDBCAR arc transceived on to the DRAM data lines. This
signal has a 4mA drive capability.

155

BWBUSY

0

BUFFER WRITE BUSY is an active high output signal to
indicate that the main memory (focal) is busy in a buffer write
cycle. When LDBEN- is low, LDBDIR is high, and
BWRUSY is high, then the values on the CPU data lines
during the raised edge of LDBCAB are transceived on to the
DRAM data lines. BWBUSY is also used in 82C315 to
tri-state MD bus 10 avoid bus contention. This signal has a

4mA drive capability.

2-54
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Pin # Symbol

Type

Signal Description

156 LDBCAB

LOCAL DATA BUS CLOCK A to B is an active high outpur
to four octal bus transceiver and register components (646) and
one quad register. During the rising edge of LDBCAR the
local data bit DO to D31 are latched into the four octal bus
transceivers and registers compornents. The latch byte enable
LBEQ- to LBE3- are also latch by the rising edge of LDBCAB.
During the bulfered write cycles, when LDBEN- is low,
LDBDIR is high and BWBUSY is high, then the values
latched by LDBCAR are transceived on to the DRAM data

32,33,
4649
52:53,

T MA<(:T>

/o

lines MDO 10 MD31. This signal has a 4mA drive capability.

MULTIPLEXED DATA/ADDRESS lines XDAO to XDAT are
bidirectionel signals used to interface to the System DRAM
and the internal registers of the 82C311. During DRAM
cycles, XDA<(0:7> generate the lower address bits, MA<G: 7>
for the DRAM array. To access the internal regisiers for index
and configuration values, XDAOQ to XDA7 are required to be
connected to the XD bus using 2 74F245. I0W- controls the
direction of the 74F245 and XDEN- enables the 74F243,
These lines should be buffered and line terminated with 33
ohm resistors before driving the DRAM array. As outputs,
these signals have an 8mA drive capability. ~

54,55,58 MA<8:10>

MULTIPLEXED ADDRESS lines MAS to MA10 are output
signals for the system DRAM memory. MA8, MA9 and
MAI10 should be connected 1o systerm DRAM address lines
A8, A9 und A10 respectively. This output has a 8mA drive
capability. These lines should be buffered and line terminated
with 33 ohm resistors before driving the DRAM array.

24 IOCHRDY

10 CHANNEL READY is an schmiti-triggered active high
input from the AT Bus. When low, IOCHRDY indicates a
“not ready™ condition and forces the insertion of wail states in
I/O or memory accesses. When high, it allows the completion
of the current /O or memory access.

92 SDIR

- SYSTEM BUS DIRECTION is an output signal to the 82C315

and controls the data bus direction between IO channel and
memory data bus in the 82C315. When low, SDIR enables
data transfer from the 1/O channel to the MD bus, When high,
it cnables data transfer from the local bus to the I/O channel
bus. This signal has a 2mA drive capability.

109 ACEN-

ACTION CODE ENABLE is an active low ouiput to the
82C315 and validates ACTION CODES AC<(:3>. This
signal has a 2mA drive capability.

110-113 AC<0:3>

ACTION CODE:s are a four bit encoded command to the
82C315 and is used for data bus sizing and byte assembly

operations. ACO to AC3 are qualified by the ACEN signal.
These signals have 2 2mA drive capability.

CHIPS and Technologies, Inc.
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2-58

Pin #

Symbol

Type

Signal Description

10

AF32-

KO

AF32- is an active low bidirectional signal. As an outpui,
AF32- indicates the current address is for local 32 bit memory
on the sysiermn board. AF32- is used a5 an input when a Weitek
3167 coprocessor Is present. A high indicates an AT bus
cycle, AF32- requires 4 10K ohm pull-up resistor. As an

output this si gnal has a 4mA drive capability.

96

MALE-

MEMORY ADDRESS LATCH ENABLE is an active low
output signal to the 82C315 and 82C316 which indicates the
start of anew CPU cycle. MALE- allows 82C316 to latch
local addresses onto the SA bus during CPU AT cycles.
MALE- is also used in 82C315 for parity generation and 387

,,,,,,, B o/ PR J——

interface circuits. This blgﬂal has admA drive L-d.pdumly

95

INTA-

INTERRUPT ACKNOWLEDGE is an active low output to the
interrupt controlier in the 82C316. This signal has a2mA
drive capabﬂny

97

ATEN-

AT ENABLE is an‘active low output 51gna1 10 the 82C315 and
82C316. When active, ATEN- indicates that the current CPU
access is an AT bus cycle. This signal has a 4mA drive
capabliuy

EXPANSION ADDRESS bms 0 and 1 are bidirectional signals
and they are connected directly to the 82C316. XA00Q is an
output when the CPU is the bus master and input when 8-bit
DMA is a bus master. XAO1 is output when the CPU is the
bus master and input when 8-bit or 16-bit DMA is a bus
master. As an output, these signals have a 4mA drive

capabl[ny

151-134

A<2: 19>

LOCAL ADDRESS blES A2. o A19 are input signals from the
CPU and the 82C316.

116

Ko

LOCAL ADDRESS bit 20 is a bidirectional signal. A20is an
output signal during CPU cycles and an input during DMA
ycles As an ou[put, I.h.\s s1gna] has 2 4mA drive capability.

129-124
118-117

A<24:31>

LOCAL ADDRESS b1t24 to 31 are input signals from the
ceu.

a8

XDEN-

XD BUS BUFFER ENABLE is an active low output and it is
used 10 enable the buffer beiween the XD and MA<Q:7>

...... WINEAN 2. cnnmerad Aot o e monl
Uubbt‘-b ARSI L dddtlICU R .IJU Al Leo \a.)’l.»u.'-b io

locations 022H and 023H. This signal has a 2mA drive
capability.

132-130

A<21:23>

Local address bits A21 1o A23 are input signals from the CPU
to the 82C316 (Peripheral).

101

ROMCS-

ROM CHIP SELECT is an active low signal. When active,

ROMCS- enables the chip seleci inputs to the BIOS EPROMS
and it also indicates to the 82C315 a BIOS read cycle and
enables dais 1o ransceive from the X1 bus onto the D bus,

When ROMCS- is activared, it is recognized as a 16 bit
memory operation and there is no need to pull MEMCS16- low

during the ROM cycle. This signal has a 4m# drive capability.

PRELIMINARY
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Pin #

Symbol Type

Signal Description

102 .

DRD- O

DRAM READ DIRECTION is a active low output signal
which is used by 82C315 to control the direction of data
transfer from the SD bus to the MD bus, When low, DRD-
enables data transfer from the MD bus to the SD bus. When
high, the data transfer is from SD bus to the MD bus. This

51gnal has a2mA drive capab1 lity.

103

DWE- o DRAM WRITE ENABLE is active low output s:gnal to the

system DRAMs. This signal needs to be buffered and line
terminated with a 33 ohm resistor. This signal has a 8mA
drive capability.

ROW ADDRESS STROBES RASO. to RAST. are active low

outpuis to the system DRAMs. There is one RAS signal for
each bank of memory on the motherboard. RASO- is the
strobe for bank 00. RAS1-is the strobe for bank 01. RAS2-is
the strobe for bank 02. And RAS3- is the strobe for bank 03.
These signals should be buffered and line terminated with 33
Ohm series resistors. These signals have a GmA dnve
capablhty

63-63, 68 RAS<4:7>- O

ROW ADDRESS STROBES RAS4- to RAS7- are active low
outpuls io the sysiemn DRAMs. There is one RAS signal for
each bank of memory on the motherboard. RAS4- is the strobe
for bank 04. RASS- 1s the strobe for bank 05. RAS6- is the
strobe for bank 06. And RAS7- is the strobe for bank 07.
These signals should be buffered and line terminated with 33
Ohms serics resistors. These mgnal have a 6mA drive

capabﬂuy

69

COLUMN ADDRESS STROBE is an active low output
signals which latches the DRAM data in the 82C315 data

buffer. This Slgna.l has a 6mA drive Cﬂplel.lLy

70-73

CAS<0:3>-" O

COLUMN ADDRESS STROB ES CASO- 1o CAS3 are an
active low output signal to the DRAMS for selecting the
DRAMSs of bank 0, 1, 2, 3. CAS0- 1o CAS3-must be
externally ORed with the byte enables allowing for the
selection of each byte of DRAM chips and the lines should be
terminated with 33 ohm resistor. These signals have a 6mA
drive capability.

T4-77

CAS<4:T>- O

COLUMN ADDRESS STROBES CAS4-to CAS7- are active
low output signals to the DRAMS for selecting the DRAMSs of
bank 4, 3, 6, 7. CAS4- to CAS7- must be externally ORed
with the byte enables allowing for the selection of each byte of
DRAM chips and the lines should be terminated with 33 ohm
resislors. Th{.sc signals have a 6mA drive capability.

2

TEST311- I

TEST I’IN for Lhc. 82C311 is an active low input signal and
should be pulled high with a 10K ohm resistor for proper
operations of the §2C311.

PRELIMINARY N . " 2-57
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Pin #

Symbaol

Type

Slgnal Description

13

PEN-

PARITY ENABLE is an active low output signal which

controls the overall parity enable circuity in the 82C315. This
bir is conirollad by REGI2R<« 7~ Thig gional hac 2 1mA drive

ULL 13 CUTIHU LU O INDASLUS /-7 Lills Slgaida Uy & 1 linds Wl

capability.

119

MENB-

MEMORY ENABLE is 2n active low input signal. When
active, MENE- validates the addresses on the local bus. This
input can be used 1o disable the 82C311 from responding to
predefined address locations via an external decode. This
signal requlrcs 3300 ohm pull-dnwn resistor.

104

NEXT ADDRESS is an active low output s1gnal to thc 80386
NA.- indicates to the CPU that the next cycleistobea
pipelined cycle. This signal has a 1mA drive capability. This
signal should not be connected to NA of 386 as the system
should not be run in pipeline mode. This pin should not be
used.

88,89

CWE<0:1>-

CACHE WRITE ENABLE 0 and 1 are active low output
signals to the SRAM’s write enables in cache bank 0 and 1
respectively. These signals are active during read miss or write
hit eycles. CWE<0:1>- should be ORed with byie enables
LBE<Q:3>- The.se sxgna.ls have 8mA drive capablllty

90, 91

CRD<0:1>-

CACHE READ 0 and 1 arc aciive low output signals to the
SRAM'’s ouiput enables or the chip select pin of cache bank 0
and 1. During the read hit eycle, CRDO or CRD1- are enabled
to drive the requested data on to the D bus. Only one bank is
selected at any given time. when the 82C311 is programmed in
the Chip Select mede, CRDO- will become active during all
cache memory accesses {read or write). In the output enable
mede, CRDU- is active only during the read cycles. This
signal has a 8mA drive capability.

93

CALE

CACHE ADDRESS LATCH ENABLE is an active hlgh
output signal for two octal latches. CALE is used to laich the
SRAM addresses A2 to Al5. When CALE is high, the laich is
transparant and allows the 80386 addresses to flow through o
the SRAM. On the high to low transition of CALE, the
add:esses are latched. This signal has a 6mA drive capability.

105

p— -

FBE is force byte enable signal from T.he 82C311 This signal
is input to §2C315 and it is ORred with BE:3- inside 82C315

and ueod ag IRE<3:0x Tha FRE. gional opnas active durine g

GIIU Lot G5 L ii S e Ltk K AD 0™ Sifilol movd auaie Bulldig &

read miss cyc[e 10 updatc the all four bytes in Lhc cache RAM

23

2-58

MASTER-

MASTER is an active low input signal from an active devnce
on the I/O channel (AT expansion bus), After MASTER- is
forced low by an IO device, the [/O CPU must wait for one
system clock period before driving its address and data lines.
MASTER- must nol be held low for more than 15
microseconds, or clse the data in the system memory may be
lost due to lack of a refresh cycle. MASTER- must be putled
high with 10K ohm resistor.

PRELIMINARY CHIPS and Technelegies, Inc.
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Pin #

Symbol

Type

Signal Description

11

RSTDRYV

RESET DRIVE is an active high output to the AT Bus,
RSTDRYV is used reset the I/O devices on the AT expansion
bus. This signal has a 12mA drive capablhty

27

MEMR-

I/O

MEMORY READ is an active low b1d1recnonal sxgnal
directing memory 1o place valid data on the data bus. MEMR-
is an output if the CPU is controlling the bus or an input if a
DMA or external bus master is in control of the bus. Asan
outpur. lhlS signal has a 12mA drive capability.

29

MEMW-

jHe

MEMORY WRITE is an active low bidirectional signal
directing memory 1o accept data from the data bus. MEMW-
is an output if the CPU is conurolling the bus or aninput if a
DMA or external bus master is in control of the bus. As an

output, this signal has a2 12mA drive capability.

30

IOR-

10

I/C READ is an active low bidirectional signal instructing an
I/O device to place data on the data bus, JOR- is an output if
the CPU is controlling the bus or n input if a DMA controller
is in control of the bus. As an output, this signal has a 12mA
drive capablhly

31

IOW-

jrie]

1/0 WRITE is an active low bidirectional signal instructing an
I/O device to accept data from the data bus. IOW- is an output
if the CPU is controlling the bus or an input if a DMA
controller is in control of the bus. As an output, this signal has
a 12mA drivc capability.

12

BALE

BUFFERED ADDRESS LATCH ENARBLE is an active high
output 1o the AT expansion Bus. BALE indicates a valid
address on the SA bus. Itis used to hold the address during a
AT bus cycle. This 51gnal has a 12mA dnve capablhty

it
L
-~

SYSTEM BUS HIGH ENABLE is an active low b1d1rec!mna1
signal to or from the AT expansion Bus. When active, SBHE-
indicates when the high byte wransfer is taking place. As an
outpat, this signal has a 1ZmA dnve. capability.

16

SMEMR-

- SYSTEM MEMORY READ is an active low output signal to

the AT expansion Bus. When active, SMEMR- indicates that
the lowest 1 megabyte memeory space is being addressed for a
read cycle This s:gnal has 2 12mA drive capability.

QUOTOAM AMCAMANMTD WV WIDTTIE o nee an Ve s anTremnan] b
L GIV) IVILIVIA/DL L ¥Y INLL Lo B all uu A=3 J.UW UULPUL Slpllal i

210

the AT expansion Bus. When active, SMEMR. - indiactes that
the lowest 1 emgabyte memory space is being addressed by a
write cycle. This signal has 12 ma drive capability.

28

_LPAR-

LATCHED PARITY is an active low input from the 82C315.
When active, LPAR- indicates a parity error during alocal
memory read cycle and causes an NMI w be generated. The
failing address is Iatchcd by this signal within 82C311

133

CPUAZ20

o

CPU ADDRESS bit 20 is from the 80386. This has 2ma drive
capability.

CHIPS and Technolegies, [no.
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Pin #

Symbol

Type

Signal Description

86

SGLROM

SIGNAL ROM is an active high input indicating an access o a .
8 bit ROM accessory device. SGLROM should be tied low

whan At ead
W 100 USCL.

115

FGA20

/o

FAST GATE ADDRESS 20 is 2 open drain input/output signal
used to control the gating of CPUA20. When FGAZ20 is Jow,
82C311 propagates CPUAZ0. When FGAZ20 is high the
820311 forces A20 to be low regardless of CPUAZ20 state.,
FGAZ20 may be derived from the 8042 or 8742 keyboard
controller. The signal may also be generated internal to the
82C311 when fast GATEA20 feature is enabled(REG2B).
When the fast GATEA20 feature is enabled

114

WTPRES-

WEITEK PRESENT is an active low input indicating the
presence of 2 WEITEK coprocessor. WTPRES- should be
putled high with a 10K ohm resistor when not used.

14

YRAMSEL-

VIDEO RAM SELECT is an active low outpui indicating the
current cycle is a VRAM access, This signal will be active
when addresses A31 to A20 are low, A19 1o A17 axe high, and
Al8is low (AD00O to BFFFF). This signal has a 2mA drive
capability.

(o]
2

O

When the signal is high, it indicates a hit cycle. When low, it

indicates a miss cycle. Tt goes active on the first negative cdge

of CLKZ in T2 (for example, 1/2 CLK2 after T1) for 0 wait

state, and for 1 wait state; the hit goes active at the middle of

T2. The hit goes high at the end of the cycle on the rising edge

of READY- signal. This has 2ma drive capabiliity. .

15

N/C

No connection.

2-60
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Power and Grounds

. Pln # Symbol Type Signal Description

18, 40, vCC I Ve Supply Voltage, 5V + 5%
50, 56, ' '

66, 80 .

99, 120, -
160

1,26, 41 vSsS I Vss Ground
51,57,

67,81,

160, 121

82C311 Maximum Ratings and
Operating Conditions

I
Table 2-47. Absolute Maximum Ratings : -
Symbol Min. Max. Units
Supply Voliage Vee 7.0 v
Input Voltage : Vi -5 5.5 v
a_— S —
. Qutput Voltage Vo -5 55 v
Operating Temperature Top 225 85 . C
Storage Temperature Tstg 40 125.. . .C

Note  Exposure to absolute maximum ratings conditions for extended periods may
affect device reliability. Excecding the absolute maximum ratings can cause
permanent damage to the device.

L
Table 2-48. Operating Condition
Symbol Min. Max. Units
Supply Voltage Veeo 4.75 525 . . v
Ambient Temperature TA 70 . C

CHIPS and Technologies, Inc. o PRELIMINARY . . 2-61
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2-62

DC Characteristics

Symbol Min. Max. Units
Input low voltage ViL
TTL level {all pins & except RESETD B 8 V
SHMT level (RESETI, IOCHRDY,OWS) 10 v
CLK1, BCLK, SCLK (CMOS) 15V V
Input high voItage - 7 V1[—1 S o —
TTL level (all pins except RESETI and CLK?.) - .2.0 V
CLK2, SCLK, BCLK (CMOS) 35 v
SHMT level (RESETI, IOCHRDY, 0WS) ' 40 '
Output low voliage VoL 04V V
Output high voItage - VOH _
All pms except FGAZO - o o 24 Vv
FGAZ20 pin has open dram drwer o | |
Input LOW current @ Vo = Vss s ,
BCLK,,SCLK, RESETI, IOCHRDY, OWS -10 10 UA
All input and I/O pins except, | B
BCLK,SCLK, RESET1, IOCHRDY, OW3 -200 -10 A
Input HIGH current @Vo = Vdd IH -
BCLK,,SCLK, RESETI, IOCHRDY, OWS 10
All input and I/O pins except, 7 7
BCLK,,SCLK, RESETI, IOCHRDY, OWS 10 200 1A
3-state output OFF current LOW (no pulI:upi)i B ﬁilozL - -10 R [I#(
3-state output OFF currerit LOW (with pull-up) o B} Z(}O o yA -
3-state output OFF currént HIGH (nopullup)  TozH 10 pA
3-state output OFF current HIGH (thh pull-up) _ -10 LA
Ouputleakagecument  low
Output sﬁér_t_circ uit current - los
Power supply current @ 25 MHrz ) ICE - 260 ) mj&
Inputcapacince o~
OQutput or /O capacitance | CouT ) o

PRELIMINARY
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® AC Characteristics

All timing parameters are specified under capacitive load of 50 pf and
temperature of 70 degree C. All the units discussed in the following timing
tables are in nanoseconds, unless otherwise specified. Also, the AC

Anifiantimne mantianad in thio Aacimant ara erhiant ta r-l'w:

Qary 1 oF Yo
byouul\,a.uuua mMEenuonsd i s GoCUMCIL ars SUojeClio AR .

]
Table 2-49. Memory Cycle o
Memory Cycle 33 MHz
Min Max.
1101 Operating frequéncy R TR 33.33 MHz
1102 CLKZ period 15
1103 CLK2hightimeat2V . 625 .
t104 CLKZ high time at Vec-0.8Y = 4.5
1105 CLK2 low time at 2V — . _ 6235 -
t106 CLK2 low time at 0.8V ) 45 -
1107 CLK2 fall ime (Vee-0.8 to 0.8V) 4
1108 CLK2 rise time (0.8V to Vec-0. SV) 4
t120 Address semp 10 CLK2 hi gh 15 )
. . ALAT ey TI Lo - ] - n e
Ilzb 1\’][‘\[.45- dLllVﬂ LIO].T.I. LD lllg]l (%) )
. 1127 MALE- inactive from CLK2 low - - 0 25 .
1130 CRD<1:0>- active delay from CLK2 h1g]1 OWS ' 0 i 13
read hit cycles o
t131 CRD<1:0>- active delay from CLK2 low for alt [ o 20
other cycles S S — .
1132 CRD<l1:0>- active delay from CLKZ high {for 1 0 ' 28
ws read hits) _ — .
1133 CRD<1:0>- inacfive delay from CLK?2 high 0 20

t134 READY- active delay from CLK2 low

t134a READY- active delay from CLK2 high
t135 READY- inactive delay from CLK2 htbh

1136 CALE- high to low delay from CLK2 low
1137 CALE- high to low delay from CLK2 high

1138 CALE- inactive from CLK2 high

1142 RAS- active delay from CLKZ2 high

t145 Row address active to RAS active

t147 Column address valid to CAS- active

t150 CAS- active delay from CLK-Z_i\.i_gh -

t151 CAS- incative delay from CLK2 high
t153 DRD- active delay from CLK2 high

t154 DRD- inactive delay from CLK2 hlgh

4

4

4

0

0

0

0 .
1143 RAS-inactivedelay from CLK2high 2 21

-

0

5

0

0

0

0

. 1155 FBE- active delay from CLK2 low(0 ws) o
1156 FBE- active delay from CLK2 high(l ws)
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Table 2-49. Memory Cycles (continued)

Memory Cycle . . 33 MHz

S
o
2
k

t157 FBE- inactive delay from CLK2 low
t158 CWE- active delay from CLK2 low
1159 CWE- active delay from CLK2 high
1160 CWE- inactive delay from CLK2 high
1161 DWE- active delay from CLK2 high
t162 DWE- inactive delay from CLK2 hi gh
1163 LDBCAB low to high dclay from CLK2 l'ugh
1164 LDBCAB high to low delay from CLK2 hlgh
t165 LDBDIR valid from CLK2 low
1166 Row address hold time from RAS active
1167 BWBUSY activc-d-ela; from CLK2 h_l_g_h
t167a BWBUSY inactive delay from CLKZ2 high
t168 BSTI128K active delay from CLK2 high
1168a BST128K inactive delay from CLK2 high

SDleojo|c|o|eo|o)@|e
b
(v,

L

oy
Lh
|

(=R L= = gy e ¥

—
30
30
30
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Table 2-50.

DMA Cycle

DMA Cycle

33 MH:

Min. Typical Max.

Comniand setup time to CLK2 high

10

RAS- active delay from CLK2 hig ;,h

RAS- inactive delay from commands inactive

Row address delay from address valid

Row address hold time from CLK2 Eow

10 e o

Column address setup to CAS- active

Column address hold time from commands

inactive

bt
o
B
o

CAS- active delay from RAS- active for DMA
memory read cycle

1178

CAS- active delay from RAS- active for DMA
memory writecycle

t179

CAS- active delay from CLK2 high

20

t180

CAS- inactive delay from commands inactive

20

t183

DRD- active delay from CLK2 high

30

1184

DRD- inactive delay from commands macuve

t185

AF32- active de]ay from command active

20

t186

AF32- inactive delay from command inactive

15

1187

DWE- active delay from CLK2 high

17

1188

DWE- inactive delay from commands inactive

1189

CRD- and CWE- active delay from CLK2 high

SIS |@ Q{0 |l o0 (e

1190

ER}?- and CWE- inactive delay from CLK2
ig

=)
Bi8|3
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I 82C311 CPU/Cache/DRAM Controlier

low

Table 2-51. ROM Cycle
ROM Cycle 33 MHz _
Min. Max.
t191 ROMCS- active delay from CLK?2 high 0 28
t192 ROMCS- indctive delay from CLK2 hlgh 0 25
1193 READY- input selup time to CLK2 high 15
1194 READY- input hold time from CLK2 high 5 _
2 252, AT BusAccess .
AT Bus Access 33MHz
Min. Max.
11100 ATEN- active from CLK2 high 0 22
t1101 ATEN- inactive from CLK2 hlg,h 1] 22
t1102 BALE active from BUSCLK low 10 20
11103 BALE maetive from BUSCLK high o 10 20
1104 Command active delay from BUSCLK low 10 20
11105 Command inactive from BUSCLK h1gh 10 20
11106 ACEN- active delay from BUSCLK low (read) 10 - 20
t1107 ACEN- inactive delay from BUSCLK mgh 10 ) 20
11108 AC<3:0> active delay from BUSCLK low 10 20
11310 IOCHRDY setup to BUSCLK low 10
t1111 IOCHRDY hold from BUSCLK low 5
Table 2-53. AC Specification
AC Specification 33 MHz
Min Max.
11112 MC816-, IOCS16- setup to BUSCLK high 20 7 . -
t1114 MCS32-, IOCS32- semp from BUSCLK high 20 )
t1116 Command active delay from BUSCLK high 10 20
(Write or 0W5S) - —
t1117 {A“?EN)— active delay from BUSCLK high 10 25
11118 .(%‘C(IEN)— inactive. dclay from BUSCLK hwh 10 25
t1119 OWS- setup to BUSCLK low 20
11120 OWS- hold time from BUSCLK low 20
11123 XA<1:0>,SBHE- valid delay from BUSCLK o 18

LTTAA VA LT, CDRLID dwalid Jalaer Focmn
1124 AASLU>, OGNC IMVAILG adidy (10

low
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Table 2-54. DMA Arbitration

DMA Arbitration 33 MHz
Min. Max.
1140 HRQn active setup to CLK2 high 15
11142 HOLD active delay from CLK2 high 2 25
11144 HLDAn active delay from HLDA 0 19

I
Table 2-55. REFRESH Arbitration

REFRESH Arbitration 33 MHz
Min. Max.

t1150 MEMR- delay from BUSCLK high 0 25

I
Table 2-56. RESET Timing

RESET Timing 33 MKz
Min. Typical Mazx.

11170 RESETS3 active delay from CLK2 0 25
(1171 RESETS3 inzctive delay from CLK2 high N 10
11172 RESETS3 pulse width ' 78CLK2 '
{1173 RESET4 active delay from CLK2high O

{1174 RESET4 inactive delay from CLKZhigh 2 B .
11175 RESETA4 active from RESET1- active - 4CLK2

11176 RESET? active from RESETI- inactive CLK2

Table 2-57. Miscellaneous

e

Miscellancous 33 MHz
Min. Max.

{1185 BUSCLK low delay from BCLK high 0 2
11186 BUSCLK high delay from BCLK high 0 2
11187 BUSCLK high pulse width - 140
t1188 BUSCLK low pulse width ) ) 140
£1189 BUSCLK rise time ' e
11190 BUSCLK low time

2-66 PRELIMINARY CHIPS and Tachnalogies, Inc.
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] _
. Table 2-58. AC Specification
AC Specification 33 MHz
Min, Max.
11191 FGA20 valid from IOW- - 18
t1192 PEN valid from IOW- high 13 -
t1193 A20 delay from CPUA20 B R ] 7
I
Table 2-59. RESET Cycle
REFRESH Cycle 33 MHz
Min. Typical Max.
11200 RASi- active delay from CLK2 high 0 ) 25
11201 RASI- inactive delay from CLK2 high 0 25
11202 RASi pulse width ACLKY
11203 RAS(i+1) active delay RASi active o ) - 1CLK2
11204 REFERSH address setup time to RASO - 2CLK2 R
t1205 REFERSH address hold from RAS 2CLK2

]
Table 2-60. /0 Cycle

. {/0 Cycle B . 33MHz
i Max.

Min.
t1214 XDEN- active delay from XIOR- or XIOW- _ 15 . 26
11215 XDEN- inactive delay from XIOR- or XIOW- 12 - .25
t1218 XDA cutput valid delay 1o XIOR- _ ] . 30
11219 XDA cutput hold time to XIOR- - 0 ) : 30
L
Table 2-61. LPAR Timing N
LPAR Timing 33 MHx
Min. Max.
t1220 LPAR- input setup time to CAS- 10

Note: The parameters t158 and 1160 wracks so that the write pulse width for SRAM is met. The
tracking requirement is t158-1160 should be greater than -2 and less than Sns.

The New tracking parameters are:

1. t138-1160> Ins

2. 1158 -1160 < 5ns ST
3. t142-1143 < 4ns

CHIPS and Technologies, lnc. . PRELIMINARY 2-67
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I
Table 2-62. Memory Cycle
Memory Cycle 25 MHz
Min Max.

1101 Operating frequency 4 25MHz
1102 CLK?2 period 20 125
1103 CLKZ2 high time at 2V T j
1104 CLK?2 high time at Voc-0.8V S 4
1105 CLK2 low time at 2V ] 1
t106 CLK2 low time at 0.8V 5
1107 CLK2 fall time (Vece-0.8 1o 0.8V) 7
t108 CLK2rise ime(0.8V to Vee-0.8V) 7 o
1120 Address setup to CLK2 high 18
t126 MALE- active from CLK2 high 0 25
1127 MALE- inactive from CLK2 low 0 s
t130 CRD<1:0>- active delay from CLKZ]ﬂgh OWS 17

read hit cycles o
t131 CRD<1:0>- active delay from CLK2 low for all 0 30

other cycles
1132 CRD<1:0>- active delay from CLK2 high (for 0 38

1 ws read hils)
1133 CRD<1:0>- inactive delay from (iLKZIhigh 0 20
t134 READY- active delay from CLK?Z low 4 7 19
t134a READY- active delay from CLK?2 high 4 30
t135 READY- inactive delay from CLK2 high 4 19
1136 CALE- high to low delay from CLK2 low 0 25
t137 CALE- high to low delay from CLKZ high 0 25
{138 CALE- inactive from CLK2 high B 0 25
1142 RAS- active delay from CLKZ high 0 30
1143 RAS- inactive delay from CLK2 high 2 24
t145 Row address active to RAS active i 7 ' )
1147 Column address valid to CAS- setive 7
1150 CAS- active delay from CLK2 high 0 R
1151 CAS- incative delay from CLK2 high 5 37
1153 DRD- active delay from CLK2 high 0 40
{154 DRD-inactive delay from CLK2 high 0 25
t155 FBE- éréiti\ire'delay from CLKZ low (O ws) ) 0 25
t156 FBE- active delay from CLK2 high (1 ws) 0 25
{157 FBE-inactive delay from CLK2 [ow 0 25
t158 CWE- active delay from CLKZ low 0 25
1159 CWE- active delay from CLK2 high 0 25
1160 CWE- inactive deléy fromCLK2 high 0 14.5
1161 DWE- active delay from CLK2 high 0 26
t162 DWE- inactive delay from CLK2 high 0 40
1163 LDBCAB low to high delay from CLK2 high 0 30
1164 LDBCAR high to low delay from CLK2 high 0 25

2-68
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Table 2-62.

B 82C311 CPU/Cache/DRAM Controller

Memory Cycle (continued)

Memory Cycle

25 MHz

t165

LDBDIR valid from CLK2 low

t166

Row address hold time from RAS active

t167

BWBUSY active delay from CLK2 high

tl67a

BWBUSY inactive delay from CLK2 high

1168

BST128K active delay from CLK2 high

t168a

Table 2-63.

BST128Kinactive delay from CLK2 high

DMA Cycle

DMA Cyclc

Min.

25 MHz

Typicai Max.

1170

-
Command setup time 0 CLK2 high

10

tI71

RAS- active delay from CLK2 high

20

1172

RAS- inactive delay from commands inactive

30

t173

Row address delay from address valid

20

ti74

Row address hold time from CLK?2 low

- 20

t175

Column address setup to CAS- active

1176

Column address hold time from comminds

40

77

MAaciive
CAS- active delay from RAS- active for DMA
memory read cycle

3CLEK2

1178

CAS- active delay from RAS- active for DMA
memory write cycle

4CLK2Z

1179

CAS- active delay from CLK2 high

20

1180

CAS- inactive delay from commands inactive

20

t183

DRD- active delay from CLK2 high

30

1184

DRD- inactive delay from commands inactive

20

.

Tl

AT VLR U S S [
A'DL- aCuve delay ITOM COIUNGEndd 4ciye

~n

LU

t186

AF32-inactive delay from command inactive ™

15

t137

DWE- active delay from CLK2 high

17

ti88

DWE- inactive delay from commands inactive

17

ti89

CRD- and CWE- active delay from CLK2 high

oo |o|o o |wn| e |

20

t190

ER}]?- and CWE- inactive delay from CLK2
ig

10

25

R
Table 2-64.

ROM Cycie

ROM Cyle

Min.

25 MHz _
Max.

1191

ROMCS- zctive delay from CLK2 high

28

1192

ROMCS- inactive delay from CLK?2 high

1193

READY- input setup time to CLK2 high

13

1194

READY- input hold time from CLK2 high
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||
Table 2-65, AT Bus Access

AT Bus Access 25 MHz .

Min. Max.
11100 ATEN- active from CLK2 high o 0 22
11101 ATEN- inactive from CLK2 high 0o 22
11102 BALE active from BUSCLK low 10 20
(1103 BALE inactive from BUSCLK high 10 ] 20 )
t1104 Command active dclé.y from BUSCLK low 10 20
t1105 Command inactive from BUSCLK high 10 20
11106 ACEN- active delay from BUSCLK low(rcad)r .10 20
11107 ACEN- inactive delay from BUSCLK hu,h 10 20
11108 AC:0 active delay from BUSCLKlow 10 20
1110 IOCHRDY setup to BUSCLK low 10 '
11111 IOCHRDY hold from BUSCLK low ' 5
11112 MCS16-,JOCS16- setup to BUSCLK high ' 20
11114 MCS32JOCS32- serup from BUSCLK high 20 ]
t1116 Command active delay from BUSCLK h1gh - 1 T 20
{write or JW
11117 ACEN- active deiay from BUSCLK hlgh (wme} - 10 . 25
11118 ACEN- inactive delay from BUSCLK hlgh 10 25
(Write)
11119 OWS-seruptoBUSCLKlow 20 S
11120 OWS- hold time from BUSCLK low 20 ] _
1123 f{A<1_:O>,SBHE- valid delay from BUSCLK 0 18 - .
oW
t1124 ?gf::l:{i:»,SBHE invalid delay from BUSCLK 0 18
————

Table 2-66. DMA Arbitration

DMA Arbitration 25 MHz
Min, Max.
1140 HRQn active selupto CLK2 hlgh 15
11142 HOLD sctivedelay from CLK2high 2| 25
11144 HLDAR active delay from HLDA 0 i0
|
Table 2-67. REFRESH Arbitration ) -
REFRESH Arbitration 25 MHz
Min. Max.
11150 MEMR- delay from BUSCLK high 0 25

2-70 PRELIMINARY - CHIPS and Technologies, Inc.
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I
Table 2-68. RESET Timing
RESET Timing 25 MHz
Min. Typical Max,
11170 RESET3 active delay from CLK2 ) 0 25
11171 RESET3 inactive delay from CLK2 hi gh 2 . L 15
11172 RESET3 pulse width B 78CLK2
11173 RESET4 active delay from CLK2 high 0 e 25
11174 RESET4 inactive delay from CLK?2 high 2 o 25
11175 RESET4 aclive from RESETl-active ~ 4CLK2 e
t1176 RESET3 active from RESET1- inactive o 2CLK2 A
Table 2-69. Miscellaneous
Miscellancous 25 MHz
Min. Max.
11185 BUSCLK low delay from BCLK high 0 . 22
1186 BUSCLK high delay from BCLK high 22
11187 BUSCLK high pulse width . 140
t1188 BUSCLK low pulse width o 140
11189 BUSCLK rise time ~ o 6
11190 BUSCLK lowtime B ) 6
11191 FGA20 valid from IOW- . 18
t1192 PEN valid from FOW- high 18
11193 A20 delay from CPUA20 .. 0 . 7
Table 2-70. REFRESH Cycle .
REFRESH Cyele 25 MHz
Min. Typical Max.
11200 RASI- active delay from CLK? high 0 . 25
11201 RASi-inactive delay from CLK2 high 4] . , 25
11202 RASi pulse width ) _4CLK2
11203 RAS(i+1) active delay RASiactive o 1CLK2
t1204 REFERSH address setup time to RAS0 . 2CLK2
11205 REFERSH address hold from RAS . 2CLK2
Table 2-71. I/O Cycle
I/0 Cycle 25 MHz
Min, Max.
t1214 XDEN- active delay from XIOR- or XIOW.- .15 . 26
11215 XDEN.- inactive delay from XIOR- or XIOW- 12 25
t1218 XDA ocutput valid delay 10 XIOR- 1) 30
t1219 XDA output hold time to XIOR- o 0 36 )

PRELIMINARY
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2-72

|
Tabla 2-72. LPAR Timing . - -
LPAR Timing 25 MHz
Min. Max.
11220 LPAR- input setup time to CAS- ’ 10

Note: The parameters t158 and t160 tracks so that the write pulse width for SRAM is met. The
tracking requirement is t158-t160 should be greater than -2 and less than 8ns.

The New t;'ackin £ parameters are:
1. 1138 -1160 > Ins
2. 1158 -t160 < 8ns
3. t142 -t143 <4ng

The AC specifications mentioned in this document are subject to change.
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Flgure 2-27.

82C311 CPU/Cache/DRAM/Controfler

82C311C Tlmmg
Diagrams

82C311C Read Hit Cycle OWS SRAM
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(FROM 386)

ADDR

CRIx1:0>

.
.
.
.

: 130 —) {
134 —) = s
: HT Ot

136 -:—)
- 4

na ~—y

4

E —) F—— 138

READ HIT CYCLE, 0 WS SRAM, NON-PIPELINE MODE

B2C311 REV.C

I‘EION-PIPELINE MODE

CHIPS and Technalogies, Inc.
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Figure 2-28.  82C311C Read Hit Cycle IWS SRAM

SCLK
l T T2 | T2 | Ti
CLK2
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- 5 129

READ HIT CYCLE, 1 WS NON-PIPELINE CYCLE.
820311 REV.C
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Figure 2-29.  82C311C Read Miss Cycle 4WS DRAM, OWS SRAM
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82C311 128K Cache Read Miss Cycle

Figure 2-31.
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] ,
Figure 2-32.  82C311 CLK2 Timing Waveforms
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Figure 2-33.  82C311 AT Cycle (2 Wait States and 0 Wait State)
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82C311 AT Read Cycle

Figure 2-34.
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|
Flgure 2-35.  82C311 ROM Read Cycle - -
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Figure 2-36.  82C311 Resets
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I
. Figure 2-37.  82C311 Miscellaneous Timing
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82C311 Refresh Cycle

Figure 2-38.
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I
Figure 2-39.  82(C311 Refresh Arbitration
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Figure 2-40.

82C311 N0 Read/Write Cycle

CLK2

SCLK

102XCS

o)
=

IC READ/WRITE CYCLE

0 o T T 1 O S O

— o o1 1l
) Ld L—

] | 1| I L | |
XX X
| —
11218 —J 4 1218
Mamary Add Wmory Add Outputs fﬁw Qut
1214 — t = ths 11214 F -ajﬁzts
e note

Note

No data output and XDEN is inactive if the index setup by the previous
T rngerpr nF \‘hﬂ R’)("%T 1

4 s L0

/O 22 Write does not point to a valid

PRELIMINARY

CHIPS and Tachnologles, Inc.




82C311 CPU/Cache/DRAN/Controlier

I Figure 2-41.  82C311C DMA Cycle
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|
Figure 2-42.  82C311 DMA Arbitration
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82C311 Revision B

82C311 Revision B CPU/Cache/DRAM Controller is functionally identical to
the 820311 Revision C. 82C311 Revision B is referred {0 in this manual as
82C311B; and 82C311 Revision C is referréd t¢ as 82C311C. '

82C311B works only up to0 25 MHz and 82C311C operates up to 33 MHz.
82C311B is pin compatible 1o 82C311C. "The cache, DRAM and DMA state
machines are different compared to 82C311C. The timing diagrams for cache
DRAM and DMA cycles are included 3t the end of this section.

82C311B does not have index register 2F, The wait state definifions, RAS
precharge, and RAS pulse width definitions in registers 11, 13, 15, and 17 are
different compared to thc 82C31 1C. The version register (04 contents are

different.

The following table identifies the differences between 82C311B and 82C311C.

I B -

T ke #m FT T F oo P ) o T v R AP, OV TTID e AT

1alE £~F Q. L EQLHTE JJ CTENCES UGLWCU!L QL2040 Qi

Feature 82C3118 82C311C
. Wait states on DRAM 2,3, or 4 wait states 3, 4, ot 5 wait states
cycles - i :
RAS precharge for DRAM 2,3, 4, or 5 CLK2 cycles 4, 6, or 8 CLK2 cycles
?\ se width dunng “4,5,0r6 CLKZ cyclcs 4,5, 6,or 7TCLK2 cycles
refres cycles s
Posted write cycle for Posted write cycle is always Posted wiite cycle. can be
DRAM epabled enabled or disabled
Wait state for posted write  Zero wait state only 0 or 1 wail state
cycle for DRAM L L o
Wait state between back to  Zero wait state only 0 or 1 wait state opuon
back DRAM cycles B _available _
AN o e T
ragc mouc UPGIdHUII. Gunn S1WaYs NION-PAgE THOUE rdge IHUUL Or TIon-page
Read/Miss cycle for 128K & £ mc;sde opiion availa 15
cache operation o s e e
Fast GATEA20 Fast GATEAZ20 should be Fast GATEAZO should be
enabled through register 2B enabled using register 2F

Index registers 2FH Ahbsent _ .. Present .
Version register 04H content 40 ___80

CHIPS and Technologies, Inc.
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82C311B Register Descriptions ®

Configuration Registers There are 42 configuration and diagnostics registers in the 82C311. These are
accessed through I/O ports 22H and 23H normally found in the interrupt
controller. An indexing scheme is used to reduce the number of I/O addresses
required to access all registers needed to configure and control the CHIPSet.
Each access (either read or write) to an internal register is done by first writing
its index into port 22. This index then controls the multiplexers gating the
appropriate register data accessible as port 23H. Every access to port 23H must
be preceded by writing the index value to port 22H even if the same data port is
being accessed again. The ( ) in the bit description of any indicates the default
value after power up.

The 82C311B does not have index register 2FH. The definitions of index
registers 11, 13, 15, and 17 are different in 82C311B compared to 82C311C.
The rest of the registers are identical between 82C311B and 82C311C. The
registers mentioned here refer to 82C311 Revsion B.

This register defines the version numberof the §82C311B. bits 7:6 indicates the
version number.

Table 2-74. Version Register

Index  Bits Values and Functions .
04H T:6  Version number.
01 : version mumber for 82C311B
5:0  Reserved (000000)
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|
Table 2-75. Name: Block 0 RAM Timing and RAS- Pulse Width During Refresh of all
Banks(READ/WRITE)
This register defines wail statés, RAS precharge for biock 0 and RAS pulse
width for all banks
Index  Bits Values and Functions
1TH 7:6  DRAM wait state.
00 : 2 wait states. )
01 : 3 wait states.
(10): 4 wait states,
11 : Not used
5 Reserved. Defanlt value(0) ..
4:3  RAS- precharge time.
00 : 2CLK2 cycles. .
01 : 3CLK2 cycles. :
10: 4CLK2 cycles. -
(11): 5CLEK2 cycles.
2:1  Reserved.
00 : 4 CLK2 cycles. . -
01 : 4 CLK2 cycles.
10 : 5 CLKZ cycles. ’
(11): 6 CLK2 cycles. .
0 Reserved, Default Value (0)
Default= 94
|

Table 2-76. Name: BLOCK IRAM Timing (READ/WRITE)

This register defines wait states, RAS precharge for block 1

Index Bits  Values and Functions
13H 7:6  DRAM wait state
00 : 2 wait states.
01 : 3 wait states.
(10): 4 wair states.
11 : Not used
5 Reserved. Default value (0)
4:3  RAS-precharge time.
00 : 2CLK2 cycles.
01 : 3CLK2 cycles
10 : 4CLK?2 cycles
(11): SCLEZ cycles
2:0  Reserved, Default value (0)
Default = 98H

PRELIMINARY 2-91
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I
Table 2-77. Name: BLOCK 2 RAM Timing (READIWRITE)

This register defines wait states, RAS precharge for block 2. .

Index Bits Values and Functions
15H 7:6  DRAM wait state .

00 : 2 wail states.

01 : 3 wait staleg,
(10): 4 wait states.
11 : Not used
5 Reserved. Default value(0)

43  RAS- precharge iime.
00 : 2CLK2 cycles
01 : 3CLKZ cycles
10 4CLK2 cycles
(11): 5CLKZ cycles

2:0  Reserved. Default Value

Default = 98H

Table 2-78. Name: BLOCK 3 RAM Timing (READ/WRITE)

This register defines wait states, RAS precharge for block 3.

index  Bits Values and Functions

17H 7:6  DRAM walit stale.

00 : 2 wait states,

@

01 : 3 wait states.
{10): 4 wait states;
11 ; Not used
5 Reserved. Defauht value(Q)
4:3  RAS-precharge time.
06 : 2CLK2 cycles.
01 : 3CLK2 cycles.
10 : 4CLK2 cycles.
(11} SCLK2 cycles.

2:0  Reserved. BIOS should write a pattern 101
Default = 98H
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® 82C311B DC Characteristics

Symbol Min. Max. Units
Input Iow voltage V1L
TTL level (all pins except RESET1) | o - i 8 Y
SHMT level (RESETI pin) _ S 10 v
Input high voltage v
TTL level (all pins except RESET1 and CLK2) 2.0 Sy
CLK2 level 37 v
SHMT level (RESET! pin) : 40 y
Output low voltage YOL 7 - .;5777 v
Output ﬁigh \_n-)'i_tétgc - VBH
Allpins except IOCHRDY and NA-pins 24 v
IOCHRDY and NA- pins have open drain driver I z i
Input LOW current @ Yo=Vss . . _IL
CLK2, RESET4 and MA<7:0> o0 --10
A All input and I/O pins except CLK2, 50 -10 nA )
W RESET4 and MA<7:0> - - : :
Input HIGH current @ Vo = Vdd ITH
CLK2 RESET4 and MA<7:0> T B 10
All input and KO pins except CLK2, REE h
RESET4 and MA<7:0> S 40  pA
3-state output OFF current LOW Iozl, -10 HA
3-state output OFF current HIGH 10zH 10 pA
Output leakage current IoH - |
Qutput short circuit current Iosi 7 - )
Power supply current @ 25 MHz IC-C“- E 200 . mA
Input capacitance CIN | N
Output or 1/O capacitance B C6UT - B
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82C311B AC Characteristics o

All timing parameters are specified under capacitive foad of 50 pf and
temperature of 70 degree C. All the units discussed in the following timing
tables are in nanoseconds, unfess otherwise specified. Also, the AC
specifications mentioned in this document are subject to change.

|
Table 2-79. Memory Cycle }
Memory Cycle 25MHz _
Min. Max.
t101 Operating frequency 8 25 MHz
1102 CLK2 period 20 B

£103 CLK2 high time at 2V =
1104 CLK2 high time at Vee-). SV 4
1105 CLK2 low time at 2V 7
1106 CLK2low timeat0.8V ' s

7

1107 CLK?2 fall time(Vce-0.8 1o 0.8V)
1108 CLK2 rise time(0.8V to Vec-0.8Y)

1120 Address setup to CLK2 low B 18
1126 MALE- active from CLK2 high 0 15
1127 MALE-inactive rom CLK2 low 0 15
{130 CRD<1:0>- active delay from CLK2 low OWS 0 11
read hit cycles _ _
1131 511}:23},32; active delay from CLX2 low for all 0 20
other cycles
1132 CRD<1:0>- active delay from CLK2 high(for1 0 28
ws read hits)
t133 CRD<1:0>- inactive delay from CLK2 high 0 ) 20
1134 READY- active delay from CLK2 low 4 19 '
1135 READY- macuve delay from CLK2 high 4 19
1136 CALE- high to low delay from CLK2 low 0 25
1137 CALE- high 1o low delay from CLK2 high 0 25
1138 CALE-inactive from CLK2 }ugh N 0 25
1141 RAS-active delay from CLK2 low ) 0 28
t142 RAS- active delay from CLK2 high g 24
t143 RAS- inactive delay from CLK2 high 2 . "24
t144 RAS- inactive delay from CLK2 low ] 2 26
t145 Row address set up time from CPU address 0 a3
active
t146 Row address hold time from CLK2 low 7 o 25 )
t147 Column address valid to CAS- active - - -
1149 CAS- active delay ﬁém CLK2low 7 5"_ . ‘25 - _
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Table 2-79.

Memory Cycele (continued)

M 82C311 CPU/Cache/DRAM Controller

Memory Cycle

Min. Max.

tL30

CAS- active delay from CLK2 high

t151

CAS- incative delay from CLK2 high

1152

DRD- active delay from CLK2 low(0 ws)

t153

DRD- active delay from CLK2 high(l ws}

t154

DRD- inactive delay from CLK2 low

1135

FBE- active delay from CLK2 low(0 ws)

1156

FBE- active delay from CLK2 high(l ws)

1157

FBE- inactive delay from CLKZ low

1158

CWE- active delay from CLK2 low

159

CWE- active delay from CLKZ2 high

1160

CWE- inactive delay fromCLK2 high

ol |e|eje|o(o|elo|wn]e

1161

DWE- active delay from CLK2 low

t162

DWE.- inactive delay from CLK2 high

1163

LDBCAB low to high delay from CLK2 hxgh

t164

LDBCARB high to low delay from CLK2 high

t165

LDBDIR valid from CLK2 Jow

1166

Row address hold time from RAS active

1167

BWBUSY active delay from CLK2 low

L300

1167a

BWBUSY inactive delay from CLK2 high

30

1168

BST128K active delay from CLK2 low

30

t168a

BST128Kinactive delay from CLK2 low

oo|ojo v iaio|ojo o

I
Table 2-80.

DMA Cycle

DMA. Cycle

Max.

170

Command setup time to CLK2 high

t171

RAS- active delay from CLK2 high

ti72

RAS- inactive delay from commands inactive

1173

Row address delay from address valid

1174

t175

Row address hold time from CLK2 high ~
Column address setup to CAS- active

t176

Column address hold time from commands
inactive

30 -

t177

CAS- active delay from RAS- active for DMA

memory read cycle

1178

CAS- active delay from RAS- active for DMA

memory wiite cycle

t179

CAS- active delay from CLK2 high

20

t180

CAS- inactive delay from commands inactive

20.

ti83

DRD- aciive delay from CLK2 high

t184

DRD- inactive delay from copunands inactive

8
8

5 : 20
5 20

PRELIMINARY

2-95



W 32¢311 CPU/Cache/DRAM Controller

2-96

Table 2-80. DMA Cycle {continued)

25 MHz .

DMA Cycle
Min. Type Max.
1185 AF32- active delay from command active 0 20
t186 AF32- inactive delay from command macu-ve ¢ 15
1187 DWE- active delay from CLK2 high 0 17 T
1188 DWE- inactive delay | from commands inactive 0 h 17
1189 CRD- and CWE- active delay from CLK2 high 0 20 T
t190 CRD- and CWE- inactive delay from CLK2 10 25
Table 2-81. ROM Cycle
ROM Cycle 25 MHz
Min. Type Mazx.
t191 ROMCS- active delay from CLK2 high 0 28
1192 ROMCS- inactive delay from CLK2 high 0 25 -
1193 READY- input setup time to CLK2 h:gh - 15
1194 READY- input hold time from CLK2 high 5
Table 2-82, AT Bus Access
AT Bus Access 25 MHz
- N
Min Type Max. .
11100 ATEN- active from CLK2 high 0 22 -
11101 ATEN- inactive from CLK2 high 0 2
11102 BALE active from BUSCLK low 10 20 K
11103 BALE inactive from BUSCLK high 10 20
11104 Command active delay from BUSCLK low 10 20
11105 Command i inactive from BUSCLK high 10 20
11106 ACEN- zetive delay from BUSCLK low (read) 10 20 -
11107 ACEN- inactive delay from BUSCLK h1gh 10 2
1108 AC<3:0> active delay from BUSCLK Jow 10 T a0
11110 IOCHRDY setup to BUSCLK low _ 10 _
ti1ii IOCHRDY hold from nUSCLn low 5 )
11112 MCS16-,J0CS16- setup to BUSCLK high 20 _’
11114 MCS32-10C532- setup from BUSCLK high 20 e
{1116 Command active delay from BUSCLK high 10 20
(write or UW )
11117 ACEN- acnve delay fom BUSCLK hlgh (write) 10 B 25 =
t1118 ACEN-i inactive delay from BUSCLK high ) 10 ) 25 -
(write)
11119 QWS- setup 1o BUSCLK low 20
(1120 OWS- hold time from BUSCLK low 20 o
11123 XA<10>, SBHE- valid delay from BUSCLK 0 18 o
11124 ﬁﬁgi:os;'sﬁﬁﬁ invalid delay from BUSCLK 0 18 : .

PRELIMINARY
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Table 2-83. DMA Arbitration B
DMA Arbitration 25 MHz
Min. Max,
1140 HRQn active setp t6 CLK2 high 15 B
11142 HOLD active delay from CLK2 high 2. 25
t1144 HLDAn active delay from HLDA 0 19
Table 2-84. REFRESH Arbitration
REFRESH Arbitration 25 Mz
Min. Max.
11150 MEMR- delay from BUSCLK high 0 25
Table 2-85. RESET Timing
RESET Timing 25 MHz
Min. Type Max.
11170 RESET3 active delay fromCLK2 .. .0 25 _
11171 RESET3 inactive delay from CLK2 high e 15
t1172 RESET3 pulse width - ~ 78CLK2 .
11173 RESETY active delay from CLK2 high 0 L 25
11174 RESET4 inactive delay from CLK2 high 2 ‘ 25
11175 RESET4 active from RESET1- active 4CLK__2
11176 RESET3 active from RESET1- inactive ~2CLK2 L
Table 2-86. Miscellaneous
Miscellancous 25 MHz
Min Max.
1185 BUSCLK low delay from BCLK high 0 22
11186 BUSCLK high delay from BCLK high 0 22 -
11187 BUSCLK high pulse width 140
11188 BUSCLK low pulse width 140
t1189 BUSCLK rise time 6
t1190 BUSCLK low time N 6 .
11191 FGA20 valid from IOW- - 18 -
11192 PEN valid from IOW- high o - 18
11193 A20 delay from CPUA2(0 O 7

PRELIMINARY
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Table 2-87. REFRESH Cycle
REFRESH Cycle 25 MHz .
Min. Typical Max

11200 RASi- active delay from CLK2 high 0 25

11201 RASi- inactive delay from CLK2 high 0 25

11202 RASi pulse width ' ' 4CLK2 ) h

11203 RAS(+1) active delay RASi aciive 1CLK2 )

11204 REFERSH address setup time to RASO 2CLK2 ’

11205 REFERSH address hold from RAS 2CLK2 )
Table 2-88. 11O Cycle

/O Cycle 25 MHz
Mis. Max

11214 XDEN- active delay from XIOR- or XIOW- 15 26

11215 XDEN- inactive delay from XIOR- or XIOW- 12 25 B |

11218 XDA output valid delay to XIOR- 0 30

11219 XDA output hold fime to XIOR- 0 30 -
Yable 2-89. LPAR Timing

LPAR Timing Z5Mbz "
Min. Max.
1220 LPAR- input setup time to CAS- 10

Note: The parameters 1158 and 1160 tracks so that the write pulse width for SRAM is met, The
tracking requirement is T158-T'160 should be greater than -2 and less than 8ns.

The New tracking parameters are
i, 1160-1i5i <&ns
2. t138-1160> 1Ins
3. (158 - 160 < 8ns
4

. 1141 -t144 < 5ng

PRELIMINARY
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® 82C311B Timing Diagrams

I _
Figure2-43.  82C311B and 80386 fnterface

a
_ &
8
- - e ML SUELE IDEUEL CELALE SR R R R S R EE I T I . m
E
IS SN D VO N N T R DR o S I &
o g
. &
= 2
)IQ‘T =
> 8
B NN 73 N U I S J N DR R I l .......... 8
TP PN PN
I ] T
E = &
| &
g
|98 L
A EI'I é |>-—' |>~§
o ok g - -
o o' o3 - : 1:1]
¥ = 4 e |9 IEU I'c‘r.'m 3 ] I%
= Q = 4
s B ¥ SER OES ke ¢ B R

CHIPS and Technologies, inc. PRELIMINARY ‘ — 2-99




M 82C311 CPU/Cache/DRAM Controiler

||
Figure 2-44.

82C311B Read Hit Cycle, 0 W§ SRAM

SCLK I—'_'I ‘_—I I_ | r I |
I T | T2 ! v T2 i
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cLKe T 1 [1 1 1 1 1 | I |
N I I | | N I
D5 1l ; 2 :
{FROM 3868) : . \Ow\ :M E m
oo RERRRX X0
: 130 —— - - un ,
-C-'FT.D<1ZO> R HIT \ ’ E/
1134 -E% ﬁ — — 1135 :
READY . T - ; TN if
136 ——) -3 I— 138 ; :
CALE 7 T : . NON-PIPELINE MODE
po : . 3 :
. 1 Z .

READ HIT CYCLE, 0 WS SRAM, NON-PIPELINE MODE

82C311 Rev. B
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I
Figure 2-45.  82C311B Read Hit Cycle, I WS SRAM
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READY

CALE

AF32

RAEAD HIT CYCLE, 1WS NON-PIPELINED B2C311 Rev. B
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Figure 2-46.  82C311B Read Miss Cycle,2 WS DRAM, 0 WS SRAM
| | I l |
! I | ! I
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I I ! | ]
T T2 T2 T2 T |
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! na =4 = oLoniss
HEADY B N
IS8,
1168
ridt = 1144 =
RAS 1
145 —) o =1 s
MA<10:0> - RASADDX CAS ADDRESS X
=X ¥-uas - ts1
CAS
. b 147
TWE
e 1152 e 154
DRD
- 154 > 1157
FBE
- 1158 = 1160
CWE<1:0>
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.
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READ MISS CYCLE, 2 WS DRAM, 0 WS SRAM, NON-PIPELINE MODE  82C311 Rev. B
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I
Figure 2-47.  82C311B Read Miss Cycle,2 WS DRAM, 1 WS SRAM
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Read Miss Cycle, 2 WS DRAM, 1 WS SRAM, Nan-Pipeline 82C311 Rev. B
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Figure 2-48. 82C3118 Write Hit/Miss Cycle, 2 W5 DRAM, 0 WS SRAM
! I l ! ]
SCLK l I
™ T2 T1
CLK2
LT LT L L
I | I
e AN
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CRD<1:0> ' ©S MODE : .
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READY . : Y :
i o am k > k 1as
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MA<10:0> : XXXXXX RAS ADD X CAS ADDRESS Xm
1ae Y S e 151 :
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. ! i : :
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-9 1183 : 9 )
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AF32 :
TDBEN :
BWBUSY :

Write HitMiss Cycle, 2 WS DRAM, 0 WS SRAM, Non-Pipeline Made

NOTE: CRD and

.
.

CRC GWE signals are not generated during the Write Miss Cycles.
CHD is only genarated for

the chip salact type of SRAMs during the Wilte Hit Cycles.
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82(C311B 128K Cache Read Miss Cycle

Figure 2-49.
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Figure 2-50,

82C311B DMA Cycle
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NOTE: GRD and CWE are generated during DMA Wrile Hit Gycles.

CRD
AF32

Is generated for chip select type SAAMS,
Is ganerated during DMA Cycla for 82CG301 to genarate the proper Action Coda.
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| ] o
. Figure 2-51. 82C311 Pin Diagram (Revision B and C)
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M 32C311 CPU/Cache/DRAM Controller

Figure 2-52.  82C311 Mechanical Dimensions (Revision B and C)

DIMENSIONS: mm (in)

i Lead Length
,.F T See Note 2
=
Lead Pitch o=
0.65 (0.0256) E
Non‘ ’O-':‘G\
Accumulative a5
v ST
Plastic Flat Pack g
Lead Width |, B2 atfa 2515
== TN
0.30 #0.10 T ES S
(0.012 +0.004) g
]
: o
i =3
Lead Length : Clearance
See Note 2y Lo.ooo 0.000
q/b T TR 0.600 (0.024)
Pin 1 ¥ See Note 1 , = -)k— Max Height
I . 30.7 (1.209) Seating Plane~" 4.2 (0.165)
Footprint 32.4 (1276

Note 1: Package Body Size = 28 +0.2/-0.4 (1.102 +0.008/-0.016) (Swire)
Package Body Size = 28 0.2 (1.102 $0.008) (All Other Package Vendors)

Note 2: Lead Length = 0.6 £0.3 (0.024 £0.012) (Package Vendor = Seiko)
}A:ac! .Lcngth = 0.7 0.2 (0.028 +0.008) (Package Vendor = Yamaha)
Lead Length = 0.8 £0.2 (0.031 £0.008) (Al Other Package Vendors)
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Functional Description

CHIPS and Technologies, Inc.

H 82C315 Bus Controller

Section 3

82C315 Bus Controller

Features

The §2C315 provides all the logic required to interface with the memory data
bus (MD<0:31>), system data bus (SD<0:15>), and peripheral data bus
(XD<0:15>), and also does data alignment and size conversion, The 82C315
also provides parity detection and generation logic, clock selection logic, and
the 80387 and Wictek coprocessor interface logic.

The 82C315 Bus Controller consists of the following functional subsystems as
illustrated in Figure 3-1:

*  Bus interface between MD, SD, and XD

®  Data conversion B

*  Clock selection logic -
*  Parity detection and generation logic

*  80387/Weitek coprocessor interface logic

* 14,318 MHz osciliator circuit and divide by 12 counter

* Byte enable latches

*  Configuration register

Bus Interface

The 82C315 controls the direction of the data flow between the MD, 8D, and

XD buses according to the signals HLDA1, ATEN-, SDIR, DRD-, XDIR,
YNIR1 pnMr‘Q_ and AEN. The first eroup of c:'rcrnn'lq HIL.DA1 ATFN.

ERIFSLEW Ly DA LVANAS I Ll Gl g A Addiiisrdnay &2l

SDIR, and DRD-, control the direction of the buffers between the MD and SD
buses and the cycle type as shown in Table 3-1. The second groop of the
signals: XDIR, XDIR1, ROMCS, and AEN, control the direction of data flow
between the SD and the XD buses as shown in Figure 3-2.
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M 32C315 Bus Controlier

Figure 3-1.  82C315 Functional Block Diagram

FBE- . - .
i - > g
BE<0:3x+ \L’ I

(_uauz—ﬂ PARITY DETECTION
.......... .
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i
i
|
V]

50015

T
A2
ANV

K

| S0 —> M0 i q

ROMCS-
se CLOCK CLK2 B A v |
ATCLK1 ; LECTION > SCLK-
CLR2N LOGIKES E?‘EKLKZ A

I REGY<0-3> ) :I(m-h. )
REG
| 8

o7 ' /]
JOR:
1oW- _ -
102XCS . B B
XA0

Data Convetsion
||
Table 3-1.  Bus Control Definition
HLDA ;ATEN-{ SDIR | DRD- Cycle Type Source Dest
0 0 0 - |CPU AT Read SD MD
V] 0 1 - |CPU AT Write MD SD
1 1 1 0 |Master/DMA Loc Mem MD sD
Read
1 1 0 1 |Master/DMA Loc Mem sD MD
Write .
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Figure 3-2.

H 82C315 Bus Controller

Direction of Data Flow Between 8D and XD Buses

BUS TRANSSIEVER,

245

CHIPS and Technologies, Inc.

IOR =0
I0R-1 =1

The 82C315 provides all the data connections between the MD, 8D, and XD
buses; as well as proper data conversions for the CPU initiated accesses to the
AT bus, The action codes (AC<0:3>) are used to control the flow of data
between the 32-bit MDD data bus, the 16-bit SD data bus, and the 16-bit XD data
bus. The action codes are generated by the 82C311 according to the signals
MCS16-, [IOCS16-, M(CS32-, and ICCS32-. The action codes are generated to
control the CPU accesseas to the AT bus and is qualified by the ACEN-. The
action codes arg defined in Table 3-2 and shown graphically in Figure 3-3.

Action Code Definition )

AC<0:3> FROM TO
0 AB EF
1 B EF
2 CD EF
3 D EF
4 ABCD EFGH
5 E A
6 E B
7 E C
8 E D
9 EF AB
A EE CDh
B E F
B F E
C EFGH ABCD
D E F
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Figure 3-3.  Action Codes

2] o] B A D < B A
GPU Road from CPY Read frem
8.4t dovica 32.bit device = T
AC<03>#5,6,7,8H AC<D:35=0CH
Te] el ]e]

D c B A o) c 8 A
P Asad fram /1\ CPL Wi o’
16-bit device — 32-5it dovice
AGC<0:2>=8,0AH AC<0:3>mdH
F il H G l F I €

110 Channal B-bit
10 16-bit transior
oc|lectala READ
ACQ:3>~0BH [OR-=0
GPU Write to l
16-bit davice
AC<0:3>=0,2H NN 140 Channel 8-bit 1"

F E to 16-hit transfer
| - . F WRITE

ACDS>alBH |OR =1

i MASTER Writs to 8-bit
] < B A

_ SLAVE or 8-bit DMA.
CPL Write to F E

Write 1o 16-bit
8-bit davice

€L MEMORY AC<0:3>nDH
AGDGanl 30 . ]
E

Note A, B,C,and D are CPU bytes with A being the Least Significant Byte, and D
being the Most Significant Byte.
E,F, G, and H are 4 AT bus bytes with E being the Least Significant Byle
and H being the Most Significant Byte,

Clock Selection Logic

i EEWE R LY

The 82C315 provides a flexible clock selection scheme (shown in Figure 3-4).

1t has two inputs: CLEK2IN and ATCLK1. CLK2IN is driven from a packaged

CMOS crystal oscillaior circuit, running at twice the processor rated CPU

frequency. An oscillator circnit is provided for the ATCLKI signal, so that it

can be connected to either a packaged CMOS oscillator or a parallel resonant

crystal. Figure 3-5 shows a crystal oscillator circuit for ATCLK. Typically, the

ATCLKT1 should be of a lower frequency than the CLK2IN.

The 82C315 generates CLKZ, SCLK-, and BCLK.. The processor clock

(CLK2), is for driving the 80386 processor; as well as the 82C311 CPU state

machine. SCLK- is CLK2 divided by two and is 180 degrees out of phase with .
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Figure 3-4. Clock Selection Logic
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Figure 3-5.  Crystal Oscillator for ATCLK L
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M 32C315 Bus Controller

the internal SCLK of the 80386. BCLK is used to drive the 82C311 AT bus
state machine.

CLK2 can be derived from CLK2IN or from ATCLK]1. In the synchronous
mode, boih CLKZ2 and BCLK are derived from CLKZIN, s0 the processor siaie
machine and the AT bus state machine run synchronously. In the asynchronous
mode, BCLK is generated from ATCLK1 and CLK2 is generated from CLKZIN
or ATCLK]. .

In this case, the processor state machine and the AT state machine nun
asynchronous to each other. The processor and bus clock selections are
determined by REG7<(0:3>. '

Under normal operation, CLE2IN should be selected as the processor clock
(CLK2} to allow the processor to operate at the maximum rated speed. BCLK
can either be a sub-division of CLK2IN (1/2, 1/3, 1/4, or 1/5) or derived from
ATCLKI1L. ATCLK]1 may be selected to generate CLKZ2 only when it is desired
to slow down the processor for timing dependent ¢code execution, Once the
options for the clock selections are set, the clock switching occurs with a clean
transition in the synchronous or asynchronous mode. During clock switching,
no phase of CLK2 is Jess than the minimum value, or greater than the maximum
value specified for the 80386 CPU.

—— e

Possible ciock seiections are shown in Tabie 3-3. Exampies of BCLK and
CLK2 and SCLK- derived from CLE2IN are shown in Table 3-4.

Parity Detection and Generation Logic

NN
Table 3-3.  Clock Selection Options
REG7<0:3> BOLK clK2
0060 1/5 CLK2IN CLK2IN
0001 o 1!4-CL_1(2EN CLK2IN
06010 - IECLKQIN CI:I£2IN
0011 12 CLK2IN CLK2IN
0100 A;I'CLK CLK2-IN
1100 ATCLK ATCLK
N
Table 3-4.  Examples of Clock Selection
REG7<D:3>| CLK2IN ATCLX Mode CLK2 SCLK- BCLK
0100 50 MHz 16 MHz ASYNC 50 25 16
0010 50 MHz - SYNC 50 25 16.6
0001 66 MHz - SYNC - 66 33 16.5
0000 7 80 MHz - SYNC 80 40 i6

PRELIMINARY
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Figure 3-6.

B 820315 Bus Controller

The 82C315 provides the logic required 1o generate parity bits (one parity bit
per byte) during the memory write cycles. It also detects and generates parity
errors during local memory read cycles. o -

During a local memory write cycle, the data is presented to the parity logic
through the MD bus. Write parity bits for each byte is generated and propagated
onto the memory parity bus (MP<0:3>) which is directly connected io the
DRAMs. Then, the parity bits on the MP bus along with the write data on the
MDD bus are strobed into the DRAMS. )

During the local memory read cycle, the data (32 bits) and the parity bits

{4 bits) are read from the DRAMS onto the MD and MP bus, respectively.

These buses are latched internally so they stay valid during parity checking.

The parity generation logic uses the data on the MD bus to generate the correct
parity bits and compares them against the data on the MP bus. The results of the
byte wise comparison are further gated by the latched byte enables (LBE<0:3>-)
to ignore errors for bytes which are not valid. The OR’ed byle-wise parity error
is then latched as the output laiched parity error {LPAR-} if parity enable (PEN-)
input is asserted. Figure 3-6 shows the logic for parity deteclionand
generation, and Table 3-5 shows the buses involved for different cycles.

Pariry Detection and Generation Logic

MD<24:31>
MD<18:23>
MD<8:15>
MD<0:7 >
T

PCHK

AROR

LBE<0:3>
s

CHIPS and Technologies, Inc.

PRELIMINARY C 37



M 82C315 Bus Controller
I
Table 3-5.  Parity Detection/Generation
Cycle Type From To Gen/Det Data Source

Non-AT Read MD D Detection
Non. AT Wnte D MD Generation MD
MasterlDMA Mcm Read MD 5D Detection MD
Master/DMA Mem erte SD MBP Generation SD
80387/WEITEK Coprocessor Interface ‘

The 82C3135, in conjunction with 82C311 and 82C316, provides all the conirol
iogic required to interface with the 80387 or 3167 WEITEK coprocessor. 1t
provides signals BUSY386-, ERR386-, PRQ386, and TRQ386 derived from
PRQ387, 387ERR-, 387BUSY-, INTCLR, WTPRES-, and WTINTR to
interface with the 80387 or WEITEK coprocessors.

The 82C315, after reset, monitors the 80387 error (387ERR-) input for the

presence of an 80387 in the system and generates the 80387 present (387PRES)

output. If the 80387 is present and the current cycle is an 80387 cycle (decoded

by 82C311), the 82C311 generates an AF32- 1o set the current cycle into the

non-AT cycle and generaies READY - upon completion of the cycle.

During the reset, the 80387 error (ERR387-) input is allowed to propagate

through the 82C315 to become ERR386- output to the 80386 for proper

recognition of 80387 by the 80386. Any other 387ERR- thereafter will not be _
presenied io the CPU; however, they will cause the busy signal o the ' .
coprocessor 10 be held in the busy state and generate IRQ386.

If an unmasked exception occurs during a coprocessor cycle, the coprocessor
sets its error signal (ERROR-). The 82C315, upon receiving the 80387 error
(387ERR-) input, latches the coprocessor busy signal (387BUSY-) and
generates an IRQ386. The IRQ386 output is directly connecied to the IRQ13
signal in an IBM AT implementation. The latched busy signal clears upon
receiving the INTCLR input from the 82C316. The INTCLR is generated by
the 82C316 as a resuit of RESET3 or an Oui command to port FOH or FiH.
BUS Y386 output is dérived from three different sources: 387BUSY, latched
387BUSY due to the 387 unmasked exception, or REF- when the 80387 is not
present in the system,

When the 80387 is not present in a system, the BUSY- input of the 80386 needs
to be toggled following the code write to the 80387 for at least 16 CLK2s before
being deactivated again. The 82C315 implements the BUSY- toggling by
allowing the DRAM refresh request (REF-) input from 82C311 to become
80386 busy (386BUS Y-} output when the coprocessor is not present.

The 82C315 PRQ386 output to the 80386 PEREQ is active when either the

80387 PEREQ (PRQ387) is active or an error has occurred, The IRQ386 output -
is active when either an error has heen detected or the Weitek coprocessor has
requested an interrupt. In an AT implementation, the IRQ386 is connected o

IRQ13. Figure 3-7 shows the interface logic for the 80387 and Weitek
Coprocessor. .
3-8 PRELIMINARY CHIPS and Tachnolagies, Inc.




Figure 3-7.
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80387/WEITEK Coprocessor Interface Logic
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14.318 MHz oscillator circuit and divide by 12 counter

The 82C315 provides the reference oscillator (OSC) for the AT bus eliminating
the $224 normally used in AT compatible systems. The OSC output is a high
speed clock with a 14.31818 MHz frequency (70 ns period). A divide by 12
counter is also included to generate the OSC/12 (1,19 MHz) signal used on the
system board. A parellel resonanat crystal is used for this oscillator.

Byte Enable Latch

The 82C315 provides registers to hold the byte enables valid duriag the entirs
length of the memory cycle. The 82C315 latches the BE<(0:3>- signals on the
rising edge of MALE- and generates latched byte enables LBE<Q:3>-. An
additional input FBE- is also provided to force all byte enables active during
read miss cycles and DMA cycles to perform a full 32-bit memory access.

PRELIMINARY ’ ' 39
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3-10

Configuration Register

The configuration register, REG(7 in the 82C315, is used for clock selection.
An indexing scheme to port 22H and 23H is used to access the register. Port
22H is used as an indexing register and port 23 is used as a data register. The
index value is placed on port 22 to access a particular register; the dataread
from or written to that register is located at port 23H, Every access to port 23H
mast be preceded by a write of the index value to port 22H even if the same

wnriatam Antn 10 harmee naannoard arain
ICEISIET Gdld 13 OCllE alliodlu agaiin.
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W 32C315 Bus Controller

Bus Controller’s Internal
Registers

The register in 82C315 1s accessed using Port 22 and port 23. Each access
(either read or write) 1o configuration register i§ done by first writing its index(in
case of 315 it is 07) into port 22and then reading port 23 to read the contents of
07 or writing to port 23 the data required to be written to the register. Each
access to port 23 should be preceeded by writing the index value to port 22H,
even if the same data port is accessed again.

Name: Processor and Bus Clock Source Select

Index Bits Values and Functions

07H 7:5 Reserved

0z (0): Default value
4 Presence of 80387 (Read Only)

0: The 80387 is not present -
1: The 80387 is present

3 Processor Clock Select

(02 Select CLK2IN as processor clock

1: Select AT bus state machine clock
as processor clock

2:0 Bus Clock Source Select

{000): Select CLKZ2IN/5
001: Select CLK2IN/4
010; Select CLKZIN/3
011: Select CLK2IN/2
100: Select ATCLK

. PRELIMINARY ' 3-11
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82C315 Pin Descriptions

Pin # Symbol Type Signai Description

143-140  AC<0:3> I ACTION CODEs are a four bit encoded command from the
82C311 and are used for data bus sizing and byte assembly
operations. The four bit encoded command controls how the
data bus bits are connected batween the SD (I/O Channel) bus
and the LD (CPU Local) bus or the MD (System Memory) bus.
S1gnals AC<0.3> are quahﬁed by the ACEN s1gnal

,_.
[
o
P
0
o

z
[

ACT LON CODE ENABLE is an zctive low i

P
82C311. When active ACEN- validates Action Code signals
AC<0:3>.

17 irmnt froem tha
W ANPUL IToM s

145 SDIR I $YSTEM bus DIRECTION is an input signal which controls
the direction of data transfers between the SD (I/O Channel)
bus and the MD bus. When low, it enables data transfers from
the $D bus to the LD bus. A high input enables wransfers from
the LD bus to Lhe SD bus.

146 ATEN- I AT ENABLE is an activé low input signal and when active
md1cates the curzrent CPU cycle is an AT bus access.

147 HLDA1 I HOLD ACKNOWLEDGE 1 is an active high input signal
from the 82C311 and indicates the CPU has relinquished
control of r.he system buses in response to HRQI.

120 RESET3 I RESETS3 is an active hlgh input from the 82C311. RESET3 is
used in 82C315 10 detect the 387 coprocessor during system
reset.

oy
—
D

ESET4 1 & 2 E. wzard te maon
DL IS - RESET4 is an active high inpui used [o resct the 820315

internal registers as well as the 80387 coprocessor detection
during the system resel. RESET4 is an input from 82C311 and
is synchromzed w:Lh the processor cleck.

148 DRD- I DRAM READ or MEMORY BUS DIRECTION is an sctive
low signal. When active, it enables data movement from the

MD bus to the SD bus. A high input enables the drivers from
lhe SD to the MD bus.

118 REF- I RPFqu_h is an active low inpur indicating a refresh cvcle for the

AvSiitail L |11 bl L n-‘r‘—v Jagias o Llltall cie 1a

main memery DRAMSs from 82C311. It is also used to topgle
the 80386 BUSY signal if a Coprocessor is not present to
prevem Lhe 80386 from ha.ngmg

150 DLE- I DATA LATCH ENABLE s an active low i input signal used to
latch the data in the 82C315 memory data buffers. This pin is
normally connected to the CAS- ourput of the 82C311.

3-12 PRELIMINARY CHIPS and Tachnologies, Inc.
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Pin # Symbo! Type Sighal Description

. 151  I02XCS- I 1o ADDRESS 22H and 23H CHIP SELECT is an active low
signal from the 82C316. I/O port 22H is the index register for
the configuration register set and 1/O port 23H is accessed as
the 8 bit data register selected by the index writien to /O port
22H.

135 MSE(AEN) 1  MODULE SELECT ENABLE from 82C316 indicates a chip

aalant of tha fallaurmo madniacs (MIMA

AT A oy
SCICCL Ul OIS Ul Wi rULGWHIE INUGUMNSS. \Lsifils

CONTROLLER, INT CONTROLLER, TIMER, RTC, DMA
PAGE REGISTER, CONFIGURATION REGISTERS).
When active during the DMA cycle, it disables the data
transfer between the SD and XD buses.

136 XDIR I X DIRECTION is an active low signal from the 82C316 and
controls the drivers between the X bus and the S bus. When
low, XDIR drives the § bus signals towards the X bus. When
high, XDIR drives the X bus signals towards the S bus. This
input is ignored when AEN is active. XDIR is genorated by
82C316 for I/O address 0 1o 256H for read cycles{ and also
INTA cycles)

137 XDIR1 I X BUS DIRECTION 1 is used for functional enhancements.
As compared 1o XDIR, XDIR1 is not limited to I/O address of
256H boundary. Internal to 82C315 the XDIR1 is ORred with
XDIR. The XDIR1 input can be a I/O address decode (using
external decode) output.This input is ignored when AEN is
active and should be tied to ground if not used.

114 PRQ387 I PROCESSOR REQUEST 80387 is an sctive high signal which
indicates a coprocessor request for a data operand o be
transferred to or from memory by the CPU.

116 387ERR- I 80387 ERROR is an active low signal from the 80387 which
mndicates the previols coprocessor instruction generated is a
non-masked exor. A 4.7K pull-up is recommended.

117 387BUSY- I 80387 BUSY is an active low signal from the 80387 which
indicates the coprocessor is still executing an instruction. A
4.7K pull-up is recommended.

43 XAD I Peripheral ADDRESS bit 0 is an input signal from 82C316. It
is used with IO2XCS- signal to access IfO PORTS 022H or
023H.

123 BUSY386- O BUSY 80386 is an active low output signal to the 80386 which
indicates to the CPU the coprocessor is still executing an
instruction. BUSY386- is latched when an error condition has
occured. This output has a 4mA drive capability.

122 ERR386- O ERROR 80386 is an 4ctive low output signal to the 80386
which indicates to the CPU the coprocessor has encountered an
error with the last instructiori. This output also indicates to the
80386 the presence of a coprocessor during the reset. This
output has a 4mA drive capability.

CHIPS and Technologies, Inc. PRELIMINARY ’ 7313
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Pin # Symhol Type Signal Description

124 PRQ386 O PROCESSOR REQUEST 80386 is an active high output
signal to the 80386 which indicates the coprocessor’s request
for a data operand to be transferred to or from memory by the
CPU. This signal is also forced high when an error has
occured and 387BUSY- has gone inactive. This output has a
4mA. drive capability.

125  IRQ36 O INTERRUPT REQUEST 80386 is an active high output signal
to the 80386 which indicates an interrupt request from the
coprocessor. This signal is active when an error condition has
occurred or a Weitek interrupi is initiated. This signal is the
same as IRQ13 in an IBM AT implementation. This output
has a 4mA drive capability.

112 WTPRES- 1 WEITEK PRESENT is an active low signal and indicates the
persence of a WEITEK coprocessor. This signal is used to
qualify WTINTR to generate IRQ386. A 10K pull-upis
recommended.

113 WTINTR I WEITEK INTERRUPT is active high and is the interrupt
signal from WEITEK coprocessor. A 2.2K pull down is
recommended.

133-126  XD<0:7> IO EXPANSION DATA bits O through 7 are bidirectional signals
for the XD (Peripheral Data) bus. XD<0:7> is used to
communicate to and from the keyboard controller, the 82C311
and the 82C316. These signals have a dmA drive capability.

34-27  XD<8:15> I EXPANSION DATA bits 8 through 15 for the Peripheral Dara
Bus are input only signals and are enabled internally by the
ROMCS- signal. This bus is connected to the high byte of
EPROM data bus only.

;2?;{3 MD<0:31> 1fO MEMORY DATA bits 0 through 31 are for the System
28-83  Memeory Data Bus interface. These signals have ait 8 mA
69,_5553' 62 drive capability.

51-47 ' _

35, SD<0:15> IO Jj0 CHANNEL DATA bits 0 through 15 are for the I/O
16-19 Channel Data interface. These signals have a 12mA drive
23-25 capahility.

110-107 BE<0:3>- .1  BYTE ENABLE signals are inputs from the 80386 during 2
CPU cycle. BE3- controls the most significant byte while
BEO- controls the least significant byte.

80-77 LBE<O3>- O LATCHBYTE ENABLE signals are the BE<0:3>- input
signals latched from the trailing edge of MALE-. These
signals have a 12mA drive capability,

11 MALE- I MEMORY ADDRESS LATCH ENABLE is an active low

input signal and clocks addresses into the address registers on
the rising edge.

3-14
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Pin #

Symbol

Type

Signal Description

106

FBE-

FORCE BYTE ENABLE is an active low input signal and
forces all byte enables LBE<0:3>- active independent of
MALE- and the BE<0:3>- inputs. It is an input from $2C311
and is active during local memoty read miss oxr DM A read
cycles. B

73-70

MP<0:3>

o

MEMORY PARITY is the data parity bits for the DRAMs,
These are inputs during DRAM read cycles and output during
DRAM write cycles. These signals have an 8mA drive
capability. B

144

BWBUSY

BUFFER WRITE BUSY is an input signal from the 82C311
which indicates a buffer write eycle. It is used in 82C311 to
tri-state the MD lines to avoid data contention.

1135

INTCLR

INTERRUPT CLEAR is an active high input signal from the
82C316 which clears IRQ13. INTCLR 1s generated during
reset, output to port F1, and write to port FO.

105

PEN-

PARITY ENARBLE is an active low input signal from 82C311
which indicates overall parity check is enabled.

74

LPAR-

LATCHED PARITY ERROR is an active low output signal
and indicates when an even parity error is detected on a
memory access. The failing address is latched within 82C311
by this signal. This output signal has a 4mA drive capability.

26

ROMCS-

ROM CHIP SELECT is an active low signél which enables the
XD<0:15> input lines to wansfer data from the XD (Peripheral
Data) Bus to the MD (System Memory Data) Bus.

149

IOR-

I/O READ is an active low input signal and is used to read the
configuration register 07H.

42

IOW-

I/O WRITE is an active low input signal and is used to write to
configuration register Q7H.

CLEZIN

CLOCK 2 INPUT from a packaged CMOS crystal oscillator
having twich the rated frequency of the processor.

159

CLK2

CLK? is an output to the CLOCK 2 INPUT of the 80386,
80387, and 82C311. This clock output is derived from
CLEK2IN input and has a 50% duty cycle. The clock can zlso
be programmed to be the same as the BCLK. This cutput
signal has a 12mA, drive capability.

156

- SCLK-

SCLK- is CLK?2 divided by two and is an output generated as a
reference to verify the phase relationship of the internal clock
and CLK?2. This output signal has an 8mA drive capability.

45

ATCLK1

ATbus CLOCK is a CMOS input for a crystal or oscillator.
This clock input is used for the AT Bus operation and is
required if the AT Bus state machine clock (BLK) is not
derived from the CLK2 input. This signal should be tied low
or high if not used, and its frequency should be lower than
CLK2IN.

CHIPS and Technologies, Inc.
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3-16

Pin # Symbol Type Signal Description
44 ATCLK2 O AT bus CLOCK is commected 1o the crystal oscillator cireuit if .
2 packaged oscillator is not used. A series resistor of 10 ohms
should be vsed to reduce the amplitude of the resonant circuit. '
It should be left unconnected if a packaged CMOS oscillator is
used. This signal has a 4mA drive capability.
36 X1 I 14.318MHz CMOS oscillator input from thé crystal.
- N i |
37 cX2 O 14.318MHz oscillator output to the crystal. This output has 2
4mA drive capability.
39 0sC O OSCILLATOR System 14.318MHz output has 2 24mA drive
capability. It drives the AT 1/O channel.
33 OSCIMI® O (QSCILLATOR 1.19MHz = 14.318MHz/12. OSCIM19 is
used for RAS low time out. This output has a 24mA drive |
capability.
153 BCLK O RUS CLOCK is the clock used for the AT bus staté -machine in i
the 82C311 chip. Itcan be 1/2, 1/3, 1/4, or /5 of CLK2IN
frequency or as ATCLK] input. This output has a 12mA drive
capability.
45.51’?5, NC No connection. For normal operation, these pins should be left
1 floating.
e |
35 TEST- Test is an active low input signal. It should be pulled high with
a 10K ohm resistor for normal operation.
%28,-411?'5%1,! e I Supply Voltage, 5V+ 5%. .
61,68,76,
82,90,97, :
104,121,
152,158 . _
7,14,2040  VSS I ' S .
5%,59,6{1), Ground. l'
89.96,103,
134,138,
154,160 _ . 3
I
I
1
I
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H 352C315 Bus Controller

82C315 Absolute Mammum
o Ratings

[ ]
I
Table 3-6.  Absolute Maximum Ratings

Symbol Min. Max. Units
Supply Voltage Voo 70 v
Input Voltage V1 -3 T A5 Y
Qutput Voltage Vo -5 5.5 v
Operating Temperature Top 25 7 85T C
Storage Temperaiure Tsig -40 i25 _ C.
I Note Exposire io absolute maximum ratings for extended periods may affect
. device reliability. Exceeding the absolute maximum ratings can cause

permanent damage 1o the device. _ : -

Table 3-7.  Operating Condition

Symbag! Min, Max, Unite
Supply Voltage Vee 475 5.25
Ambjent Temperature TA 70 )

CHIPS and Technologies, Inc. : : PRELIMINARY 3-17




B 82C315 Bus Controller

DC Parameters .

||
Table 3-8. D Parameters

Min. Max. Units

VIL  (all pins except CX1 ATCLK1 and CLK2IN) 0.3 0.8 v
ViH  (allpins ;gcéﬁitfki ATCLK] and CLK2IN) 20 Vec+03 V¥ L
Vi (CXI,CLKZN, ATCLK1) 03 0.8
Vih  (CX1, CLK2IN, ATCLK1) Vee08  VeerD3v v
Vol - 045 v
Voh o o 24 v
ML (all inputs except 337BUSY- and 387ERR-) ' -10 uA
IH - ‘ ' 10 pA
L  (3§7BUSY- and 387ERR-) 1 mA

3-star.e&1tput OI;F current low -10 pA

3-state output OFF current high 10 HA .
JOL  MD bus, OSC, OSCIMIS, BCLK g mA
IOH B mA
IOL  SDbus, LBE<3:0> . A
IOH ' o ) 33 T mA
IOL  XDBUS, CX2, BUSY386-, ERR385-, PRQ386 4 mA
JOH IRQ3SE, LPAR-, all ofhers - 4
TOL K2 16 mA -
I0H CLK2 ' 16 “mA )
1cC ' _ ] T oo A

318 PRELIMINARY CHIPS and Techaolagles, Inc.
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B 32C315 Bus Controller

AC Characteristics

All timing parameters are specified under capacitive load of 50 pfand

temperature of 70 degree C. The AC specifications mentioned in this section

are subject to change.

T
Table 3-9.  Clocks
Clocks 33 MHz
Min Max. Unit

1501  CLK2 period - 15 I ns
1502 CLK2 hightime - 6:} ns
t503 CLK2low time 6.5 . - - ns
1504 CLKZ2risetime = , 3 . ns
1505  CLK2 fall time 3 _ns
1506 BCLK period 30 i ns
507 BCLK hightime 10 ns

— 508 BCLK low time 10 _ ns

. 1509 BCLK rise time 5 ns .
1510 BCLK falltime 5 s
1511  SCLK- delay from CLK2 0 8 ns
1512 OSC low delay from CX1 high 4 iU ‘ ns
1513 OSC delay from CX1low 4 23 ns
514 OSCMI9 delay from CX1 high 7 40 ns
515 OSCIMI19 delay from CX1 low 7 40 s
516  RESET 4 active hold time 6 ns
t517 RESET 4 inactive setup time 0 ns
@
CHIPS and Technologies, Ine. PRELIMINARY 3-19




B 320315 Bus Controller

3-20

—
I
Table 3-10. Parity Timing
Parity Timing 33 MHz
Min. Max. Unit
1518 LPAR- inactive delay from SCLK- high 30 ns
(519 LPAR- inavtice delay from PEN- high 30 ns
520 LPAR- ac:i;;éela;fmm SCLK- high- 30 ns
1521 LPAR-active delay from PEN- low ' o 20 ns
1522 MP<3:0>setup time to CAS }ugh 23 ns
523 MP<3:0> valid fromMDSB10> 23 ns
(524 MP<3:0> hold time fo CAS- high 5 ns
Table 3-11. IO2XCS Cycles
102XCS Cycles 33 MHz
Min. Max. Unit
526 XAl setup to JOW- or IOR- 20 ns
1528  XD<T:0>hold o IOW- l ns
1530 XAO hold to IOW- or [OR- 12 ns
1531 TOW- or IOR- pulse widih 30 ns
532 XD<7:0> valid from IOR- 28 ons

PRELIMINARY

CHIPS and Technologies, Inc.



M 82C315 Bus Controller

I
. Table 3-12. 801387 Timing
80387 Timing 33 MHz
Min. fax. Unit

1535  387ERR- setup to RESET 4 low T . 7 - s
1536  387ERR- hold to RESET 4 low - _ 7 ) 6 ‘ T ns
1537 ERR386- delay from RESET 4 low . 4 o &18 ns
538 ERR386- delay from MALE- low o 4 - 16 ns
1539 BUSY386- active delay from 387RUSY- active | ;2?- ns
1540 BUSY386- inactive delay from 387BUSY- inactive 4 2L oms
1541  BUSY386- inactive delay from INTCLR high 3 ' 22 o ‘ns
542 IRQ386 aciive from 3837ERR-low ) ' 22 1S
1543 JTRQ386 inacdv§ El'o;r{ INTCE.,R high _ o ) i =2.3 oo ns
1944 BUSY386- active from REF-low o 6 7 25 o ns
1545 BUSY386-inactive fromREF-high =~ - 4 2z ns
1546  PRQ386 active from 387B£.I§Y— high F — 23 .- 1'-15
t547  PRQ386 inactive from INTCLR h; gh 3 6 S22 ns

. 1548 TRQ386 active from WTINTR high 4 18 ns
1549  IRQ386 inactive from WTINTR low o ; 4 18 ) ns —
1550 PRQ386 active from PRQ387 hizh 4 18 ns
1351  PRQ386 inactive from PRQ387 low 4 18 ns
552 387BUSY-setupto387ERR-low o 4 7 ns
1553 | 387BUSY- hold 10 387ERR- low o 4 ) ns

CHIPS and Technologias, Inc. PRELIMINARY ' 321




M 82C315 Bus Controller

N
Table 3-13. Data Paths , .
Data Paths 33 MHz
Min. Max. Unit
1555 . MD bus setup to DLE- high 8 ns
556 MD bushold o DLE- high | 7 ' ns
557  SD data valid from MD ) 8 " 35 ns
(558 . XD data valid from MD e 30 ns
1559 SD data setup to ACEN- Rt ns
1560  SD dara hold 1o ACEN- _ 4 ns
561 MD data valid f-rom SD | 8 25 ns
562 MPdaavalidfomSD ' ' 35  ms
1563 XD data setup to ACEN- - 7 15 ) “ns
564 XDdamholdwACEN- 4 ns
(565 MD data valid from XD ) 10 35 ns
566 SDHi(Lo)bywevalid fomSDLo (H)byre 9 35 oms
valid

1567 MDumistate fom BWBUSY high L2t ns

||

Table 3-14. RByte Enables Timing

Byte Enables Timing 33 MHz
Min. Max. Unit
1575  BE<3:0>- setup to MALE- high 8 ns
576  BE<3:0>- hold to MALE- high N 4 T s
577 LBE<3:0>valid fomBE<®3>- O 15 ms
578 LBEG0>-delay fomHLDAI 1 ns
579 LBE<3:0>-delay fomBE<3:0>- 4 8 0 oms
1580 LBE<3:0>- ictive delay from FEE- R 19 s
581 L!_3E<30>- hacti.v; ;elay from FBE- inactive 4 9 ns
3-22 PRELIMINARY CHLPS and Technologias, Ine.
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W 32C315 Bus Controller

Table 3-15. Clocks
Clocks 25 MHz
Min. Max. Unit

501 CLK2 period 20 ns
1502 CLKZ high time 7 © oms
1503 CLK2 low time 7 ) ns
1504 CLK2 rise time - 4 s
505 CLK2 fall time 4 ns
506 BCLK period 30 - s
507 BCLK high time 10

1508 BCLK low time 10 ns
150  BCLK rise time - 5 - ms
510 BCLK fall time 5 ns
1511  SCLK- delay from CLK2 0 8 e
512 OSC low delay from CX1 high 4 20 ns
t513  QSC delay from CX1 low 4 23 ns
514  OSCMI9 delay from CX1 high T 40 18
1515 QSCIMIY delay from CX1 low 7 40 ns
1516 RESET 4 active hold time 6 ns
1517 RESET 4 inactive setup time 0 - s

PRELIMINARY
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I
Table 3-16. Parity Timing

Parity Timing 25 MHz
Min. Max. Unit
t518 LPAR- inactive delay from SCLK- high 30 ns
1519 LPAR- inavtice delay from PEN- hig; 30 ns
520 LPAR- active &eléy from SCLK- }ugh 30 ns -
521 LPAR.activedelay romPEN-low o 20 =
1522 MP<3:0>setup time to CAS- high 7 23 ns
1523  MP<3:0> valid from MD<31:0> 23 ns
524 MP<3:0> hold time to CAS- high 5 " ns
.
Table 3-17. I02XCS Cycles
102XCS Cycles 25 MHz
Min. Max. Unit
526 XAO setup to IOW- or IOR- 20 ns
(528 XD<7:0> hold o IOW- ' 7 ns
530 XAOhold to IOW- or JOR- T ns
1531 IOW- or IOR- pulse width 80 ns
532 XD<7:0> valid from IdR- 28 ns
o
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M 82C315 Bus Controller

. Table 3-18. 80387 Timing ,
80387 Timing 25 MHz
Min Max. Unit
1535  387ERR-setup to RESET 4 low - 7 o .
1536  387ERR- hold to RESET 4 low 8 _ 1s
1537 ERR386- delay from RESET4low =~ _ _{e N 18 ns
1538  ERR386- delay from MALE- low ' 4 16 ns
539  BUSY336- active delay from 387BUSY- acliver Ai 22 ns
540 BUSY386- inactive delay rom 3§7BUSY- inactive ~~ 4 21 ms
541 BUSY386- inactive delay from INTCLR high 3 2w
1542 TR0Q386 active from 387ERR-low 7 :2-2 . ms
t543  IRQ386 inactive from INTCLR high o 23 ns
1544 BUSY386- active from REF-low™™ ) 6 B ns
1545 BUSY386- inactive from REF- high 4 22 ns
546 PRQ386 active from 387BUS..Y: high o ?3 7 ns
- 1547 PRQ386 inactive from INTCLR high 6 22 | ts
. 1348 IRQ386 active from WTINTR high L 4 13 1S
1549 IRQ38S inactive from WTINTR low i 4 18 ns
1550 PRQ386 active from PRQ387 high o 4 18 ns
1551 PRQ386 inactive from PRQ3B710W o _ 4_‘ ) 18 B ns
1552 . 387BUSY- setup to 387ERR- low 4 ) ns
4 ns

1553  387BUSY- hold to 387ERR- low

CRIPS and Techaslogies, Inc. PRELIMINARY 3-25
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|
Table 3-19. Data Paths

Data Paths 25 MHz
Min. Max Unit
1555 MDbus setup to DLE-high 8 ns
1556  MD bus hold to DLE- high ' ' 7 ' ns
557 SD data valid from MD -8 35 ns ’
1558 XDdaavalid fomMD 9 30 - o
t559 . SDdatasetupto ACEN- . 1 s
1560  SD data hold to ACEN- o 4 ) ns B
1561  MD data valid from SD 8 25 ns -
1552 ] I:v{}; d:"ue: valid from SD 35 ns
1563 XD data setup to ACEN- 7 15 7 ons -
1564 XD data hold to ACEN- _ ' 4 Coms )
1565 MDD data valid from XD , o LU 35 o=
1566 SD Hi (Lo) byte valid from SD Lo (F5) byte 9 3% ms )
valid
567 MD wisuate fom BWBUSY high 21 ons -
Table 3-20. Byte Enables Timing o -
Byte Enables Timing 25 MHz 7 ‘
Min. Max. Unit
t575  BE<3:0>- setup to MALE- high 8 s
1576 BE<3:0>- hold to MALE- high o 4 ns |
1577 LBE<3:0>-valid from BE<O3>- 0 15 _ ;s o
178 LBE<3:0>- delay from HLDAL ' 11 ns B
(579 LBE:0>-delay from BE<3:0>- a4 18 ns -
1580 LBE<3:05- active delay from FBE- 4 1 s
1581 LBE<3:0>- inactive delay from FBE inactive -~ 4 9 ns ' ——7
i
|
«
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® 82C315 Timing Diagrams

T
Figure3-8. AT CLK1 ,CLK2IN Timing

4.5V 45V
ATCLK1 14 Y \

0.5V ' N~ o - 0.5V
25 nSec 1o 37.75 nSec 5 nSec to 37.75 nSec

-2
s

ATCLK1 INPUT

4.5V / \ . /— 4.5V
i CLKZIN e KoL N A
0.5V _ \ ] 0.5V

6.25 nSec to 8.25 hSec " |6.25nSec 1o 8.25 nSec
I\
CLKZ2IN 33MHz
4.5V 4.5V
CLK2IN . \ o
0.5V ' \ 0.5V
9 nSecto 11 nSec 9 nSecto 11 nSec R
r ]

CLK2IN 25MHz
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I
Figure 3-9.  CLK2, BCLK, OSCIMI9, SCLK
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Clock Switching

Figure 3-10.
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Figure 3-11.  Reset Timing
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M 82C315 Bus Controller

Figure 3-12.  Write Parity Timing
g
- }]%__
ks SeE—
s e IEEEEEY T ] g} E e
fa <
o
9 0
— 3IE| |2
LLd
— -
—_— /
[=:]
PN Sy TR SR . L =
S [ £
=
=
&
o
2
=
a w0
a = o
A 2l s 9
I - T 1] 1. & ©
g &
3 P
w W
= =
T i
= =
|
(4] /
=
) ——>J—~'<
& TS T
B SRR IS I I e ' - hoe o fe = Do,
l ]
A
S 4
fat] '5 7% '-“:
R ! |“<’ E 3 d
[&] [73) (&) ) = . =
CHIPS and Technologies, Inc. PRELIMINARY

3-31



M §2C315 Bus Controllet

L _
Figure 3-13.  LPAR Timing - :
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|| -
Figure 3-14.  102XCS Cycles )
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M 32C315 Bus Controller

387 Interface

Figure 3-15.

goeya)| Jossaooido) L8808 SHEDTE

e
'
Euﬂ c

evs
]

mvm_.% - ..MW K- evsl

o

il

: | :
: ‘ 99EDkd
: : o551 :
: : : 18E0YHd
m I
; : 9BEOUI
13 H Eém
: B : : HINILM
; 996Dy
K o9 : :
: : \% _ : 982ASNE
m 5951 = ” " vl "
| : : : 42y

g
WU W S
N

K- ecs

Tll.lll 5G] et

2551

CHIPS and Tachnologles, Inc,

PRELIMINARY

3-34




M 82C315 Bus Controller

Figure 3-16.  Data Paths
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Figure 3-17.  More Data Paths
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Figure 3-18.  82C315 Pin Diagram
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B 82C315 Bus Controller

Figure 3-19.  82C315 Mechanical Dimensions

DIMENSIONS: mm (in)

L Lead Length
T See Note 2
- -
x =
Lead Picsh SR HHgE g S
0.65 (0.0256) ! ‘ n ! r 3 %
Non- = IR
Accumulative :_:.g 2le
160-Pin )
- Plastc Flat Pack E= o
Lead Width |, &5 %2‘;%5
0.30 £0.10 g E 8 !
(0.012 £0.004)E = £
= | S
== o
Lead Length % ‘ Slcﬁ:ancc
See Note 2 == L_ 0.0 0,000}
0.600 (0.024)
Pin 1 =X Max Height
. Footprint 30.7 (1.209) Seating Plane 42 (0.165)

32.4 (1.276)

Note 1:  Package Body Size = 28 +0.2/-0.4 (1.102 +0.008/-0.016) (Swire)
Package Body Size = 28 0.2 (1.102 $0.008) (All Other Package Vendors)

Sl Bdh o

Note 2: lLead Length = - 0.6 £0.3 (0.024 £0.012) (Package Vendor = Seiko)
Lead Length = 0.7 £0.2 (0.028 +0.008) (Package Vendor = Yamaha)
Lead Length = - 0.8 £0.2 (0.031 £0.008) (All Other Package Vendors)
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Functional Description

Address Bus Interface Between
SA and LA Buses

CHIPS and Technelogies, Ine.

I 82C316 Peripheral Controller

Section 4

82C316 Peripheral
Controller

Features

The 82C316 peripheral controller contains the address buffers used to interface
the local address bus (A<2:23>) and the /O channel address bus (SA<0:19> and
LA<17:23>). 1t also contains an equivalent Integrated Peripheral Controller
(IPC) which incorporates two 8237 DMA controllers, two 8259 interrupt
controllers, one 8254 timerfcounter, one MC146818 real time clock, and the

7415612 memory mapper in addition o severai otner bbl im.eriacc iogic
devices.

The 82C316 peripheral controller consists of the following functional
subsystems as shown in Figure 4-1:

*  Address bus interface between the SA and 1A buses
*  Address decode

*  Programmable chip selects

* Port B and NMI logic

* 80387 RESET logic

* Integrated peripheral controller (IPC)

*  Configuration register o

The 82C316 interconnects the System Address bus (§A<0:19> and LA<17:23>)
to the local bus (A<2:31>) with bi-directional drivers, There is also an internal
peripheral address bus XA<(Q:23> which connects the penpherals to the system
and Iocal buses.

The drivers provided are 24mA. current drivers for direct connection to the [/O
channel address bus. The buffers are controlied by the HLDAT1, MASTER-,
REF-, and ATEN- to drive the signals from the source to the target buses.
When REF- is asserted, the refresh address is latched onto the SA bus as the
refresh row address and the refresh counter for the I/O channel residing in the
82C316is incremented,

PRELIMINARY 4-1
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I
Figure 4-1.  82C316 Block Diagram

LPAR-
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READY0-
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i i ADDRESS N\
REF- SAD1P>
Fd
MALE- BUFFER \F—ﬁ)ég&&
o S =
XA RTCAS
XAD
&
108
1OW- j
~ NNV
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PROGRAMMABLE N Fauest
| j CHIF SELEGTS GH
>y 1OCHADY
PORTB 2 RTCRW
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SCLK- ‘—% 387 AESST 4 SPHR
N al XA<9:16> BUS TIMEQUT 4 RE5387
RESET3 &3 LATCH NDEX 26 HEADY-
! REGISTER <, INTCLR
RESET4 —% ABSTENS § M
OCTAL HA<B: 15> ; .
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HRQ
INTA- IPC \E Il.:gMW
TEST
PRGD — ] N e
PSAT- N
©SC_RCE 7 > x4
TMRCLK
PCLK
XD<O:T> <

When none of the listed signals are active, the default buffer direction is from
the A bus fo the SA bus for memory accesses initiated by the CPU. For all CPU
sourced accesses, the addresses are latched on the trailing edge of MALE-.

Table 4-1 shows how the drivers are configured between the buses for each type .
of active bus requests.
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Figure 4-2. 387 Reset Timing Diagram
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Integrated Peripheral Controller (IPC)

The 82C316 portion of 82C316 is an LS implementation of the standard
peripherals required to implement an IBM PC/AT system board. This device
contains the equivalent of two 8237A DMA Controllers, a 7415612 Mapper,
two 8259 A Interrupt Controllers, an 8254 Counter/Timer, and an MC 146818
Real Time Clock with RAM. The 82C316 provides all of the standard
peripherals required for a system board implementation except the keyboard
interface controller. Flgure 4-3 zlluslrates the subsystems contamed within the
82C316.

Two DMA Controllers are provided and connected in such a way as to provide
the user with four channels of DMA (DMAJ1) for 8-bit transfers, and three
channels of DMA (DMAZ) for 16-bit transfers (the first 16-bit DMA channel is
used for cascading). Included as part of the DMA subsystem is the Page
Register (DMAPAGE) device which is used to supplement the DMA and drive
the upper address lines when required.

Sixteen channels of interrupt are provided in the 82C316. These channels are
partitioned into two cascaded controllers (INTC1 ]NTCQ) with 8 inpuis each,

MEFthaos 16 Alhnannala thean nen sammantad Jatawanl o ol oo

UL UIGOG 10 LILALIICLS, Llll.GU are COnnNneCica Nt llﬂ.l.l}' 10 Yarious UG\'AUW, a}lUWLII.E
13 user definable channcls of interrupt. The three internally connected channels
are as follows:

Channel 0 Counter/Timer Counter 0 Interrupt’
Channel 2 Cascade to Slave Interrapt Controller (INTC2)
Channel 8 Real Time Clock Interrupt

The remaining 13 channels may be deﬁned and utlhzed as necessary to meet the
users specific system requirements.

A Counter/Timer (CTC) subsystem is provided which containg three
independent counters. All three counters are driven from a clock input pin
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Figure 4-3.

which is independent from the other clock inputs to the divide. Counter 0 is
connected to Interrupt 0 of INTC1. It is intended as a multi-level interrupt to the
system for such tasks as time keeping, and task switching. Counter I may be
nroosrammedd 1o cenerate nulses or eonare waves for nge by external deviceg,

Prr oA SR tRRllNAL LU BRAIRA TN RAADAS U S WAL AR San U (RESULE-LRE o §linee

The third channel (Counter 2) is a full function Counter/Timer which has a gaie
input for controlling the intemal counter. This channel can be used as an
interval counter, a timer, or as a gated rate/pulse generator.

A Real Time Clock (RTC) is included in the 82C316 for maintaining the time
and date. This subsystem also contains 114 bytes of RAM in addition to the
Clock/Calendar. The Clock/Calendar information and RAM are kept active by
connecting the device to an external battery when system power is turned off.

To interconnect and control ail these major subsystems, a top level control
section is employed which is divided into subsystems for purposes of discussion.

The first section is the Clock and Wait State Control section. This subsystem
controls the generation of DMA wait states and the negation of IOCHRDY (if

Integrated Peripheral Controller Block Diagram
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programmed to do so) during CPU access of the device. The last subsystem is
the Top Level Decode.

In order to accommodate over 200 registers in the 82C316 and maintain I/0
decode compatibility with the IBM PC/AT, a multi-level decode scheme is
employed. The Top Level Decode subsystem performs the function of
generating enables 1o the various subsystems. Control and direction of the
XD<0:7> data bus buffers are also handled by this subsystem.

The 82C316 Top Level Decode provides 8 separate enables to various
subsystems of the device. Table 4-3 contains a truth table of the Top Level
Decade. The enabling of the 82C316 XD<0:7> output buffers is also controlled
by this section. The output buffers are enabled whenever an enable is generated
to an internal subsystem and the TOR- signal is asserted.

The decode is enabled by three signals: AEN, XA9 and XA8. To énable any

internal device ACK must be “1” and both XAY and X A8 must be “0.”

The decode scheme employed in the 82C316 is designed to comply with the
IBM PC/AT requirements and is moré fully decoded. If the user wishes to take
advantage of the areas which are unused by inserting additional peripherals in
the /O map, he may do so since the subsystems in the 82C316 will not respond
to the nnused address spaces established by the Top Level Decede. The extra
peripherals may be tied directly to the <XD(:7> data lines since the 82C316
output buffers are not enabled unless an internal subsystem is enabled.

I
Table 4-3.  IPC Internal Decode(023H) (fndex O1H}
AEN- XAg XAs XA7 XA XAS XA4 XA3 XA2 XAl XAOQ Address Selected
Range Device
1 0 0 0 0 0 S0 X X X X  000-00F DMAL1
1 0 0 0 0 . 1 0 0 0 9 X 0021  INTC1
1 0 0 0 0 1 0O 0o D 1 X 022-023 .  CONFIG
1 0 0 0 1 0 0 0 0 X . X  040M3.  CIC
1 0 0 0 1 1 1 X X X X 070-071 | RTC
1 0 ] 1 0 0 0 X X.. X X 080-08F  DAMPAGE
] 0 0 1 0 1 X X 0 0 X 0A0DAl  INTC2
1 0 0 1 1 0 X X X  X_ X 0COODF  DMA2
g X X X X, .S X X X . X X _ DISABLED
X 1 X X X X X X X X X ~ DISABLED
X X 1 X X X X X X X X _ DISABLED

CHIPS and Technologies, Inc.
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Clock and Wait State Control

The Clock and Wait Sate Control subsystem performs four functions, control of .
the DMA command width, control of the CPU read or write cycle length, and

selection of the DMA clock rate, All of these functions are user selectable by

writing to the Configuration Register located at address 023H.

Writing and reading this register is accomplished by first writing an 01H to
location 022H to select the 82C316 Configuration Register, and then performing
cither a read or write to location 023H.

|
Table 4-4.  Clock/Wait State Control Register 0O1H

MSB LSB

b7 bE bs b4 b3 b2 b1 b0
RW1 RWO 16W1 16W0 §W1 8W0 EMR CLK

RW1 - RWO: When the higher speed CPU’s are accessing the 82C316, the
cycle can be extended by programming up to four wait states into the
Configuration Register. This causes the 82C316 to assert a not ready condition
on IOCHRDY (low) whenever a valid decode from the Top Level Decode is
detected and either JOR- or IOW- is asserted. IOCHRDY remains low for the
number of wait states programmed into the Clock/Wait State Conirol Register

bits 6 and 7.
|
Table 45, ReadWrite Cycle Wai Siate "
RW1 RWo Read/Write Cycle Wail States
0 0 1
0 1 3
1 0 3
1 1 _ _ 4
Wait states are in increments of one SCLK cycle and are not affected by the
DMA Clock Divider.
16W1 - 16WO0: Wait states can be independently controlled for boih 8-bit and
16-bit DMA. cycles, This allows the user to tailor the DMA cycle more closely
to the application.
||
Table 4-6.  16-Bit DMA Wait States
16W1 16W0 16-bit DMA Wait States
0 0 1
0 1 ] 3
1 0 i ”3 ]
L L .. o
BW1 - BW0: Wait states may be inserted in 8-bit DMA cycles by programming .
these two bits in the Configuration Register. .
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I
. Table 4-7.  8-Bit DMA Wait States

8W1 8WO 8-bit DMA Wait States
0 1
1 3
1 0 3
1 1 4
Further control of the cycle length is available through the use of the IOCHRDY
pin on the 82C316. During DMA, this pin is used as an input to the wait state
generation logic to extend the cycle if necessary, This input is driven low (0) by
the peripheral to extend the cycle. The cycle can then be completed by releasing
IOCHRDY and allowing it to return high (1).

EMR: This bit enables the extended DMA MEMR- function. Nonmally, the
assertion of DMA MEMR is delayed one clock cycle later than IOR- in the IBM
PC/AT implementation. This may not be desirable in some systems, A “1”
programmed into this bit position starts DMAMEMR - at the same time as IOR-.

CLK: This bit allows the user to insert a divider between the DMA Controller

subsystems and the SCLK input pin, or connect the two directly. When this bit

position contains a “(),” the SCLK input is divided by two and is used to drive

both the 8-bit and 16-bit DMA subsystems. A “1” in this position bypasses the

divider and uses the SCLK input directly. Whenever the state of this bit is

changed, an internal synchronizer controls the actual switching of the clock to
. prevent a short clock puise from causing a DMA malfunction.

The Clock/Wait State Conlrol Register contents are préloaded by Reset 4 to an
initial value of 0CO hex. This value establishes a default which is IBM PC/AT
compatible and corresponds to:

Read/Wr

a rurlac
2ead/Write cycles 4 wait states
16-bit DMA wansfers 1 wait state
8-bit DMA transfers 1 wait state
DMA MEMR- delayed 1 DMA clock cycle later than IOR-
DMA clock is equal to SCLK/2

DMA Functional Description The equivalent of two 8237A DMA Coritrollers is implemented in the 82C316.
Each controiler is a four channel DMA device which generates the memory
addresses and control signals necessary to transfer information between a
peripheral device and memory directly. This allows high speed information
transfer with little CPU intervention. T - ’
The two DMA Controllers are internally cascaded to provide four DMA
channels for transfers to 8-bit peripherals (DMA1) and three channels for
transfers to 16-bit peripherals (DMAZ). DMAZ Channel 0 provides the cascade
interconnection to the two DMA. devices; thereby maintaining IBM PC/AT
compatibility.

DMA cycle length control is provided internally in the 82C316 allowing
. independent control for both 8-bit and 16-bit cycles. This is done throughout
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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
counier. The 16-bii couitieis allow ihe DMA o iransfer blocks as large as
65536 words. The regisier associated with each counter allows the channel to
reinitialize without reprogramming. The following descriptions of the DMA

subsystem pertains to both DMA1 and DMA?2 unless otherwise noted.

DMA Operation

During normat operation of the 82C316, the DVA subsystem is either in idle
condition, program condition, or active condition. In the idle condition, the
DMA controller is executing cycles consisting of only one state, The idle state
S1 is the default condition. The DMA. remains in this condition unless the device
has been initialized and one of the DMA requests is active; or unless the CPU
attempts to access one of the internal registers.

When a DMA request becomes active, the device enters the active condition and
issues a hold request to the system. Once in the active condition, the 82C316
generates the necessary memory addresses and command signals to accomplish
a memory-i0-I/0, YO-io-memory, or a memory-io-memory transfer,
Memory-t0-1/0 and I/O-to-memory transfers take place in one cycle while
memory-to-memory transfers between memory and 1/0. Data is presented on
the system bus by either memory or the requesting device and the transfer is
completed in one cycle. Memory-lo-memory transfers, however, require the
DMA to store data from the read operation in an internal register. The contents
of this register is then written to memory on the subsequent cycle.

During transfers between memory and /O, two commands are activated during
the same cycie, In the case of 2 memory-to-1/Q transfer, the 82C316 asserts
both DMAMEMR- and IOW- allowing data to be transferred directly to the
requesting device from memory. Note that the 82C316 does not latch data from,

or drive 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 may be 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 what type of cycle is being
performed. The states are labeled S0-S4 and are explained in detail in the
section titled Active Condition.

Idle Condition

When no device is requesting service, the DMA is in an idle condition which
maintains the state machine in the SI state. During this time, the §2C316
samples the DREQ input pins every clock cycle. The intenal select from the

trn laval Aasndar nnd LT TIA ar alon zamnlad At thioc gnma tinea ta Aatarmina if
WP 10voL UCAUQLT alliG rusn dlC didl Saifipiavdl ar uiid dailiv i o aolermine i

the CPU is attempting to access the internal registers. When either of the above
situations occufs, the DMA exits the idle condition. Note that the program
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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 the internal
select is active. The internal select is derived from the top level decode
described previousty. During this time, address lines XA<(:3> become inputs if
DMAI is selected, or XA<1:4> become inputs if DMA?2 is selected. Note that
when DMAZ2 is selected, XAO is ignored. These address inputs are used to
select the DMA controller registers which are to be read or written. Due to the
jarge number of internal registers in the DMA subsystem, and iniernal flip-flop
is used to supplement the addressing of the count and address registers. This bit
is used to select between the high and low bytes of these registers. The flip-flop
toggles each time a read or write occurs to any of the word count or address
registers in the DMA. This internal flip-flop can be cleared by a hardware
RESET or a master clear command. The internal flip-flop can also be set or
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 d ta
but, but are derived from a set of addresses, the internal select, and the IOW- or
IOR-. These commands are: Master Clear, Clear Register, Clear Mode Register
Counter, Set and Clear Byte Pointer Flip-Flop.

The 82C316 enables programming whenever HLDA has been inactive for one

DMA clock cycle. It is the responsibility of the system (o ensure that

programming and HLDA are mutually exclusive. Erratic operation of the
82C316 can occur if a request for service occurs on an unmasked channel which
is being programmed. The channel should be masked, or the DMA disabled, 1o
prevent the 82C316 attempting to servicé a device with a channel! which is
partially programmed.

Active Condition

Tha 920218 DM A cithovetem anter aetiua anod Fanaver o enlivmes
The 32C316 DMA subsystem enters the active condition whenever a software

request occurs, or a DMA request on an unmasked channel occurs and the
device is not in the program condition. The 82C316 then begins a DMA
transfer cycle.

In a read cycle, for example, after receiving a DREQ, the 82C316 issues an
HRQ to the system. Until a HLDA is returned, the DMA remains in an idle
condition. ‘O the next clock cycle, the DMA exits idle condition and enters the
50 state. During S0, the device resolves priority and issues DACK on the
highest priority channel requesting service. The DMA then proceeds to state S1
where the multiplexed addresses are output and laiched, State S2 is then
entered; at which time the 82C316 asserts DMA MEMR-. The device then
makes the transition into 33 where the IOW - command is asserted. The 82C316
then remains in 83 until the wait state counter has decremented to zero and
IOCHRDY is true. Note that at least one additional S3 will occur unless ~
Compressed Timing is selected. QOnce a ready condition is detected, the DMA
enters 54 where both commands are de-asserted. In Burst Mode and Demand
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Mode, subsequent cycles begin in $2 unless the intermediate addresses require
updating. In these subsequent cycies, the lower addresses are changed in 52,
The DMA can be programmed on a channel by channel basis to operate in one
of four modes. The four modes are as follows:

Single Transfer Mode: This mode directs the DMA to execute only one
transfer cycle at a time. DREQ must be held active until DACK becomes
active. If DREQ is held active throughout the cycle, the 82C316 de-asserts
HRQ and releases the bus once the transfer is complete. After HLDA has gone
inactive, the 82C316 again asserts HRQ and executes another cycle on the same
channel unless a request from a higher priority channel has been received. In
this mode, the CPU is ensured of being allowed to execute at least one bus cycle
between transfers.

Following each transfer, the word count is decremented and the address 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 T/C pulse is
generaed. If the auto-initialization option has been enabled, the channel
reinitializes itself. If auto-initialize is not selected, the DMA sets the DMA
requests bit mask and suspends transferring on the channel.

Block Transfer Mode: When block transfer mode is selected, the 82C316
begins transfer in response to cither a DREQ or a software request. It continues
untif a terminal count (FFFFH) is reached. When the terminal count is reached,
the T/C is pulsed and the status register terminal count bit is set. In this mode,
DREQ need only be held active until DACK is asserted. Auto-initialization is
also operational in this mode.

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

Cascade iode: 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 controller does not generate address
or control signals. The DREQ and DACK signals of the master are used to
interface the HRQ and HLDA signals of the slave DMA devices. Once the
masier has received an HLDA from the CPU in response to 2a DREQ caused by
the HRQ from a slave DMA controller, the master DMA controller ignores all
inputs except HLDA from the CPU and DREQ on the active channel. This
prevents conflicts between the DMA devices.

Figure 4-4 shows the cascade interconnection for two levels of DMA devices.
Note that Channel 0 of DMAZ2 is internally connected for cascade mode to
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Table 4-1.

I 82C316 Peripheral Controller

Address Buffer Function
HLDA ATEN REF MSTR Mode Action
0 1 1 1 pon-AT All buses are tri-stated in this mode
0 0 1 1 AT The SA bus is driven by the A bus
0 1 0 1 REFRESH  A<16:2> are disabled, A<23:17>

ocutput the value of the Refresh Ba,ge
register, SA<19:12> are set 1o
and SA<11:0> output the viaue of
R the DMA counter

1 1 i 0 Master The SA bus drives the A bus while
e, B23:17> is tri-stated

1 1 0 0 Masr.er REFR.ESH The A bus is disabled; SA<19: 12>
are sei 1o '0," and SA<11:0> output
the value of the DMA counter

1 1 1 1 DMA. The 82C316 drives the A bus and
- the SA bus

The 82C316 decodes I/O addresses for port B logic, 8042 keyboard controller,
NMI register, and all ports in 82C316. The signals IO2XCS- and 8042CS
provide the address decoding for the keyboard controller. The IO2XCS- output,

b WA N A ¢ e An, S anaIATT A 2T
in conjunction with XA<D:1>, are used o access index TEEISICES Lon ance o1,

The 8042CS- is an I/O decode of addresses 60H and 64H.

Normally, IO decode in 82C316 uses address range AQ through A9. The
decode does not include A10-A15. When this bit is set to 0, the I/O decode does
not include A10-A15 for decoding. Ifthisbitissetto 1, A1Qto AlS are
included for I/0 addresses decode. This is the extended 170 decode mode. For
example, when extended J/O decode is disabled, and for IfO address of 64, the
I/O decode will be active for address 064 and Fo4 (the addresses A10-A15 are
neglected). When extended /O decode is enabled, the I/O decode will be active

for /O address 64 only and AT cycle is performed for /O address F64,

Programmable Chipselects

There are three programitiable I/O decode chipselects available in the 8§2C316,
that eliminate the need for extra circuitry for /O decodes. They are PGMCS1-,
PGMCS2-, and PGMCS3-. Three programmable registers are allocated for each

F A an Fu s laseta ot e
/O space G decode an address or range of addresses (up o sixicen byies) and

get the access rights. The decoded range can be programmed for read only,
write only, and read/write by setting bits 4 and 5 of the Enable registers
(REG<73>, REG<76>, and REG<79>. The 82C316 generatcs a chipselect
@PGMCS1-, PGMCS2-, and PGMC'S3-) based on the addresses and the access
rights set on configuration registers REG71H thru REG79H. The
programmable chip selects work for master cycles also. .
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Table 4-2.

Port B and NMI Logic

The 82C316 provides access to Port B defined for the PC/AT as shown in Table
4-2. The NMI (non-maskable interrupts) circuitry laiches and enables the I/O
channel check and parity error conditions. I the comesponding NMiIs ate
enabled in port B, a non-maskable interrupt is generated to the CPU and the
source of the NMI is recorded in port B. Reading port B indicates the source of
the error condition (CHK and PCK). The master enable for NMI generation, as

Anfinad for Y AT ovctam at evctam T naet 7O hit 7 ic imnlamentad in the
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82C316. If this bit is set to “1,” NMI generation is d:sabled If setto “0,” itis
enabled.

Port B Bit Definition
Address Bit Function Description
61H Port B Register
7  Readonly "~ PCK - System memory parity check
6 Readonly  CHK - /O channel check
5 Read only ~ T20-Timer2out
4 QReadonly  RFD-Refreshdetect
3 Readwrite  EIC - Enable /O chanel check
2 Read write ERP - Enable system memory parity
check

1 Read write SPK - Speaker Data
0 Read write T2G - Timer 2 Gate Speaker

The 82C316 also accepts an NMI due to power fail (PFAIL}, READY timeout
and from the Power Control Unit (PCU). The PCU and PFAIL NMI are
combined onto one pin since the PCU can supply the PFAIL interrupt.
REG26<4> and REG26<2> are used to enable the NMI sourced from PCU and
READY timeout respectively. REG26<3> and REG26<0> indicates the source
of the NMI.

80387DX RESET Logic

The 82C316 provides the necessary logic for resetting the 80387 coprocessor.
The 80387 coprocessor reset (RES387) is asserted after a RESET3 from 82C311
or an Out command to port F1H is detected and held active for at least 128
CLKZ cycles. The RES387 output is directly connected to the 80387 RESETIN
input.

After an Out command to port FOH or F1H, or during a RESET3, the 82C316
generates INTCLR output. The INTCLR output is connected to the INTCLR
input of the 82C315 and is used to clear the latched Math coprocessor BUSY -
signal (the Iatch BUSY- signal is the coprocessor BUSY - signal latched on
ERROR- due to coprocessor unmasked exception).

Figure 4-2 shows the timing sequence for the 387 reset (387RST) output.
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DMAIL, Additional devices can be cascaded 1o the available channels in either
DMAI or DMAZ2 since cascade is not limited to two levels of DMA controliers.

Cascade Mode Interconnect

CPU

HRAG

HLDA |

OPTICNAL
B237A
DMA
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‘When programming cascaded controllers, begin with the device which is
actually generating HRQ to the system {first level device), and then proceed to
the second level devices. RESET 4 causes the DACK outputs 0 become active
lIow and are placed in the inactive state. To allow the internal cascade between
DMAI and DMAZ2 to function correctly, the active low state of DACK shounld
not be modified. This is because the 82C316 has an inverter between DACKQ
of DMA2 and the HLDA of DMA1. The first level device’s DMA request mask
bit prevents second level cascaded devices from generating unwanted hold
requests during the initialization process.

DMA Transfers

Four types of transfer modes are provided in the 82C316 DMA subsystem.
These transfer types are as follows. ’ '

Read Transfer: Read transfers move data from memory to an I/O device by
generating the memory address and asserting DMA MEMR.- and I0W- during
the same cycle.

Write Transfer: Wrile transfers move data from an I/O device to memory by
generating the memory address and asserting JOR- and DMA MEMW,

Memory-to-Memoty Transfer: The memory-to-memory trasfer is used to
move a block of memory from one location in memory to another, DMA
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Auto-initialization

DREQ Priority

4-14

Channels 0 and 1 may be programmed 1o operate as memory-to-memory
channels by setting bit 1 in the Command register. Once programmed (0
perform a memory-to-memory transfer, the process can be started by generating
either a software or an external request to Channel 0. Once the transfer is
initiated, Channel O provides the address for the source block during the
memory read portiion of the cycle. Channel 1 generates the address for the
memory write cycle. During the read cycle, a byte of data is latched in the
internal Temporary register of the 82C316. The contents of this register are then
output on the XD<0:;7> data lines doring the write portion of the cycle and
subsequently written to memory. Channel 0 may be programmed 0 majntain
the same source address on every cycle. This allows the CPLI to initialize large
blocks of memory with the same value. The 82C316 continues performing
transfer cycles until Channel 1 reaches terminal count.

Verify Transfer: The verify transfer is a pseudo-transfer useful for
diagnostics. In this type of transfer, the DMA operates as if it is performing a
read or write transfer by generating HRQ addresses and DACK; but will do so
without asserting a command signal. Since no transfer actually takes place,
IOCHRDY is ignored during verify transfer cycles.

Each of the four DMA channel mode registers contains a bit which causes the
channel 1o reinitialize after reaching terminal count, During this process,
referred to as auto-initialization, the base address and base word count registers,
which were originally written by the CPU, are reloaded into the current address

. Sy ] T aew h thalhaos aad sanseant camotars ava bandad
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during a CPU write cycle). The base regisier remains unchanged during DMA
active cycles and can only be changed by the CPU. If the channel has been
programmed to auto-initialize, the request mask bit will not be set upon reaching
terminal count. This allows the DMA to continue operation without CPU
intervention.

During memory-to-memory transfers the word count registers of both Channel &
and Channel! 1 must be programmed with the same starting value for full
auto-initialization. If Channel 0 reaches terminal count before Channel 1, then
Channel 0 will reload the starting address and word count and continue
transferring data from the beginning of the source block. Should Channel 1
reach terminal count first, it will reload the corrent registers and Channel C will
remain uninitialized.

The 82C316 supports two schemes for establishing DREQ priority. The first is
fixed priority which assigns priority based on channe! position, In this method,
Channel 0 is assigned highest priority. Priority assignment then progresses
downward through the channels in order; with Channel 3 receiving the lowest
priority.

The second type of priority assignment is rotating priority. In this scheme, the
ordering of priority from Channe! 0 t0 Channel 3 is maintained, but the actual
assignment of priority changes. The channel most recently serviced is assigned
the lowest priority and, since the order of priority assignment remains fixed, the
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remaining three channels rotate accordingly. The rotating priority assignment is

. illustrated in Figure 4-5.

Figure 4-5.  Rotaiing Priority Scheme

First Arbitration | Second Arbitration | Third Arbitration Pﬁority '
| | biation | | Prodty |

Cycle

Cycle ’ .
Channel 0 Grant [ ChammelZ | Grant Channel 3 Highest
‘Cycle - = : -
Channel 1 Grant Channel 3 Charnel 0

Channel 2 Channel 0 Chammel 1

Channel 3 Channel 1 Channel 2 Lowest

Channel X | = ?Reéuest.ed Channel

In instances where multiple requests occur at the same time, the 82C316 issues
an HRQ but does not freeze the priority logic until HLDA is returned. Once
HLDA becomes active, the priority logic is frozen and DACK is asserted on the

. highest requesting channel. Priority is not re-evaluated until HLLDA has been
deactivated.

Address Generation Eight infermediate bits of the address are multiplexed onto the data lines during
active cycles of the DMA. This reduces the number of pins required by the
DMA subsystem. During state S1, the intermediate addresses are output on data
lines XD<0:7>. These addresses should be externally latched and used to drive
the system address bus. Since DMAL is used to transfer 8-bit data and DMA2
transfers 16-bit data, a one bit skew occurs in the intermediate address fields.
DMA therefore outputs addresses A<8:15> on the data bus at this time;
whereas DMA2 outputs A<9:16>, A separate set of laich and enable signals are
provided for both DMA1 and DMA2 to accommodate the address skew.

The DMA page register is a set of sixteen 8-bit registers in the 82C316 used to
generate the high order address during DMA cyg¢les. Only cight of the registers
are actually used, but all sixteen were included to maintain IBM PC/AT
compatibility. Each DMA channel has a register associated with it, except
Channel 0 of DMA2 which is used for internal cascading o DMA1L.
Assignment of each of these registers is shown in Table 4-8 along with its
read/write address. '

. '
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Table 4-8. DMA Address Extension Map

Address Register Function

080H Unused

081H 8-bit DMA Channel 2 (DACK2)

082H  8-bit DMA Channel 3 (DACK3) -

083H  8-bit DMA Channel 1 (DACKI)

084H Unused

© 085H Unused

086H Unused

087H 8-bit DMA. Channel 0 (DACKO)

088H Unused ' T -
089H _ 16-bit DMA Channel 2 (DACKS)

08AH 16-bit DMA Channel 3 (DACK7)

0SBH 16-bit DMA Channel 1 (DACKS) ' " -
08CH Unused : -
08DH Unused - ' '

OREH  Unused S

0SFH __ RefeshCycle 7 o IR

During demand and block transfers, the DMA subsystem generates multiply
sequential transfers. For most of these transfers, the information in the external
address latches remains the same; eliminating the need to be relatched. Since
the need to update the latches occurs only when a carry or borrow fromthe
lower 8-bits of the address counter exists, the 82C316 only updates the laich
contents when necessary. The DMA therefore only executes S1 cycles when
necessary; resuliing in an overall through-put improvement.

Co mpressed Timing The DMA subsystem in the 82C316 can be programmed to transfer a word in as
few as 3 DMA clock cycles. The normal DMA cycle consists of three states:
S$2, §3, and 54 (this assumes demand or block transfer mode). Normal transfers
require 4 DMA clock cycles since $3 is executed twice due to the 1 wait state
insertion. In systems capable of supporting high through-put, the DMA canbe
programmed to omit one $3 and assert both commands in $2. S2 begins the
cycle by generating the address and asserting both commands. One 83 cycle is
executed and the cycle terminates in S4. If compressed timing is selected, TC is
output in S2 and S1 cycles are executed as necessary to update the address latch.
Note that compressed timing is not allowed for memory-to-memory transfers.

Current Address Register

Each DMA channel has a 16-bit current address register to hold 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 bytes. If anto-initialization is selected,
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Table 4-9.

B 82C316 Peripheral Controiler

this register reloads from the base address register upon reaching terminal count
in the current word count register. Channel O can be prevented from
incrementing or decrementing by setting the address hold bit in Lhe command
register.

Current Word Count Register

Each channe] has a current word count register to determine 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
82C316 generates TC, suspends operation on that channel, and sets the
appropriate request mask bit or auto-initialize and continues,

Base Word Count Register

This register preserves the initial value of the current word count register. It is
also a wrike only register which is loaded by writing the current word count
register. This register is loaded in the current word count regmter during
auto-initialization, =

Command Register

This register controls the overall operation of 2 DMA subsystem. The register
can be read or written by the CPU and is cleared by either RESET 4 or a master

Alane namann

nAd
ival WAJLLILLICRLIRE,

Command Register . o y L
MSB LSB
b7 b6 b5 b4 b3 b2 b1 bo
DAK. DRQ EW RP CT— CO _  AH MM

DAK: DACK active level is determined by bit 7. Programming a 1 in this bit

mqmrm makes DACK an active hloh qwnal

DRQ: DREQ active level is determined by biL 6. Wntmg a 1in this bit
position causes DREQ to become active low.

EW: Extended write is enabled by writifig a 1 to bit 5; causing the write
commands to be aserted one DMA c¢ycle earlier during a transfer, The read and
write commands both begin in state S2 when enabled.

RP: Writing a 1 to bit 4 causes the 82C316 to utilize a rotating pnomy scheme
for honoring DMA requests. The default condition is fixed priority.

CT: Compressed timing is enabled by writing @ 1 to bit 3 of thig register. The
default O condition causes the DMA to operate with normal timing,

CD: Bit 2 is the master disable for the DMA controller. Writing a 1 1o this
location disables the DMA subsystem (DMA1 or DMAZ2). This function is
normally used whenever the CPU needs to reprogram one of the channels to
prevent DMA cycles from occuring.
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AH: Writing a 1 to bit 1 enables the address hold feature in Channel 0 when
performing memory-to-memory transfers.

M-M: A 1 in the bit 0 position enables Channel 0 and Channel 1 to be used for
memory-to-memory transfers.

Mode Register

Each DMA channel has a mode register associated with it. All four mode
registers reside at the same IfO address. Bits 0 and 1 of the write mode register
determines which channel’s mode register is written. 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. A clear mode register
counter command is provided to allow the CPU to restart the mode read process
at a known point. During mode read operation, bits 0 and 1 will both be a 1.

| |
Table 4#10. Mode Register
MSB LSB
b7 b6 b5 b4 b3 b2 bi b0
M1 M0 DEC Al TT1 TTO Cs1 CS0

M1-MO: Mode selection for each channel is accomplished by bits 6 and 7.

I
Table 4-11. Modz Selection

M1 M0  Mode .

0 0 Demand Mode
0 1 Single Cycle Mode
1 0 BlockMode

1 1 Cascade Mode

DEC: Determines the direction of the address counter. A one in bit 5
decrements the address after each transfer. A zero increments the address after
each transfer.

A1: The auto-initialization function is enabled by writing a 1 in bit 4 of the

P . ke
moue I

gister.
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TT1-TTOQ: Bits 2 and 3 control the type of transfer to be perfohned.

o m—
Table 4-12. Transfer Select

TT1 TT0  Type

0 0 Verify Transfer .
0 I Write Transfer .
1 0 ReadTrapsfer o ;
1 ! Dlegal --

CS1-CS0: The channel select bits 1 and 0 determine which channel’s mode
register will be written. Reading the mode register results in bit 1 and 0 (o both

be ones.
I
Table 4-13. Channel Select
C51 C50 Channel
¢ 0 ChenmclOSeleat e
0 1 ChannellSelect o
1 0 Channel2Select
1 1 Channel 3 Select -

. Request Register

This is a four bit register nsed to generate sofiware requests (DMA service can
be requested either externally or under sofiware control). Request register bits
can be set or cleared independently of 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
four request bits are clear to zero by RESET4.

||
Table 4-14. Request Register .
MSB ' - LSB
b7 b6 b5 b4 b3 b2 b1 B0
X X X X X . RB RS1, RSO
(write operation) '

RB: The request bit is set by writing a 1 to bit 2, RS1-RS0 select which bit
{channel} is to be manipulated.

RS<0:1>: Channel setect 0 and 1 determine which channel’s mode register
will be written. Reading back to the mode register results in bits 0 and 1 to both
be ones. :
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I
Table 4-15.

Tahie 4-16.

4-20

Channel Select
RS1 RSO Channel .
n n m— o N
u hd Channel U deleci
Y 1 Channel 1 Select
1 0 Channel 2 Select
i 1 Channel 3 Select

The format for the request register read operation is shown as follows:

Request Register Read
MSB LSB
b7 b6 bS b4 b3 b2 b1 bo
1 _1 1 1 RC3 RC2 RCD1 RCO
(read operation)

RC<0:3>: During a request register read, the state of the request bit associated
with each channel is returned in bits 0 through 3 of the byte, The bit position
corresponds to the channel number.

Request Mask Register

The request mask register is a set of four bits used 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 follows:

@

Reguest Mask Register
MSB 'LSB
b7 b& b5 b4 b3 b2 b1 b0
X X X X X MB Ms1 MS0
(set/reset operation)

MD: Bit 2 sets or resets the request mask bit for the channel selected by MS1
and MS0Q. Writing a 1 in this bit position sets the mask, inhibiting extemnal

ramnnacte
ANAgaS L.

MS<0:1>: These two bits select the specific mask bit which is to be set or reset.

Channel Select
MCS1  MSO0  Channel
0 0 Channel 0 Select
¢ 1 Channel ‘ Séléé: ) -
1 ) 07 7 Chan.nei_Z gelec!; T
I 1 C-ha-nnel 3 éciect
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Alternatively, all four mask bits can be programmed in one operation by writing
to the write all masks bits address. Data format for this and read all mask bits
function is shown as follows:

Table 4-19. Data Format for Mask Bits

Table 4-20.

MSB LSB

b7 b6 b5 b4 b3 b2 " b1 bo
X X X X% MB3  MB2 MBI  MBO

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 RESET4 or a master clear command.
Individual channel mask bits will be sct as a result of terminal count being
reached, if anto-initialized is disabled. The entire register can be cleared,
enabling all four channels, by performing a clear mask register operation.

Status Register

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 RESET4, master clear or each time a status read takes place. Bits 4-7
are cleared by RESET4, master clear or the pending request being deasserted.
Bits 4-7 are not affected by the state of the mask register bits, The channe]
number corresponds to the bit position.

Status Register
MSB LSB
b7 b6 b5 b4 b3 b2 b1 Lo
DRQ3 DRQ2 DRQlI DRQ0 TC3 T2 TCI . TCO
{read only register)
Temporary Registé'r

The temporary register is used as a temporary holding register for data during
memory-to-memory transfers. The register is loaded during the first cycle of a
memory-to-memory transfer from XD<0:7>, During the second cycle of the
transfer, the data in the temporary register is output on the XD<(0:7> pins. Data
from the last memory-to-memory transfer remains in the register unless a
RESET4 or master clear occurs.

Five special commands are provided to make the task of programming the
device easier. These commands are activated as a result of a specific address
and assertion of either an IOR- or IOW-. Information on the data lines is
ignored by the 82C316 whenever an IOW- activated command is issned, thus
data returned on IOR- activated commands is invalid.
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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
flip-flop to point to the low byte of the register and allows the CPU to read or

tar e ympe
wiile the i'EgiSLEi' vyles in correct sequence.

Set Byte Pointer Flip-Flop: Seiting the byte pointer flip-flop allows the
CPU to adjust the pointer to the high byte of an address or word count register.

Master Clear: This command has the same effect as a hardware RESET4,
The command register, status register, request register, {emporary register, mode
register counter, and byte pointer flip-flop are cleared and the request mask
register is set. Immediately following master clear or RESET4, the DMA
begins the idle condition.

Clear Request Mask Regilster: This command enables all four DMA
channels to accept requests by clearing the mask bits in the register,

Clear Mode Register Counter: In order to allow access to four mode
registers while only using one address, an additional counter is used. Afier
clearing te counter, all four mode registers may be read by doing successive
reads to the read mode register address. The order in which the register is read
is Channel O first, Channel 3 last.

Figure 4-6. Internal Cascade Interconnect

Wit
KT KTA ONT L >n’m
e
casz
cASt
exso f— ‘
INTC2
NTA- CASO
CAS1
CAS2
NT

lnterrupt Controller Functional The programmable interrupt controllers in the 82C3 16 function as a system

e wide Interrupt manager in an APX86 system, They accept requests from
Descnpt]on peripherals, resolve priority on pending interrupts and interrupts in service, issue
an interrupt request to the CPU, and provide a vector which is used as an index
by the CPU to determine which interrupt service routine to execute.

A variety of priority assignment modes are provided, which can be reconfigured
at any time during system operation, allowing the complete interrupt subsystem
to be restructured, based on the system.

4-22 PRELIMINARY CHIFS and Technologies, Inc.




B 82C316 Peripheral Controiler

Interrupt Controiler Block Diagram

. Figure 4-7.
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Two interrupt controliers, INTC1 and INTC2Z, are included in the 82C316. Each
of the interrupt controllers is equivalent to an 8259A device operating in
IAPX86 mode. The two devices are interconnected and must be programmed to
operate in cascade mode (see Figure 4-6) for proper operation of all 16 interrupt
channels. INTC1 is located at addresses 020H-021H and is configured for
master operation in cascade mode. INTC2 is a slave device and is located at
0AOH-OAIH. The interrupt request output signal from INTC2 is internally
connected to the interrupt request input Channel 2 IR20 of INTC1, The address
decoding and cascade interconnection maiches that of the IBM PC/AT,

Two additional interconnections are made to the mtezrupt request inputs of the
interrupt controllers. The output of time O in the counter/timer subsystem ig
connected to Channel O of INTC1. Interrupt request from the real time clock is
connected to Channel 0 of INTC2. Table 4-21 hsts the sxxteen mr.errupt
channels and their interrupt request source.
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I
Table 4-21. Interrupt Request Source .
Controller Number Channel Number  Interrupt Request Source
INTC1 1RO Counter/Timer Out 0
INTC1 IR1 IRQ1 Input Pin '
INTC1 IR2  INTC2Cascade Interrupt _
INTC1 R3 IRQ3 Input Pin ’
INIC1 R4 RQ4InputPin___
INTC1 IRS IRQS Input Pin
INTC1 IR6 IRQ6 Input Pin
INTC1 R7 TRQ7 Input Pin
INTC2 R0  RealTimeClockIRQ
INTC2  RI___ RQMpuPin
INTC2  ®R2  IRQIOIpuwPin ]
INTC2 IR3 TRQ11 Input Pin ) ]
INTC2 . IR4 RQIZInputPin
INTC2 RS ~ [RQBInputPin
INTC2 IR6 IRQI4InputPin
INTC2 K7 IRQISInputPin

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. For example 020H (OAOH). _ .

Controller Operation

Figure 4-7 is a block diagram of the major elements in the interrupt controller.
The interrupt request register (IRR) is used o store requests from all of the
channels requesting service. Interrupt request register bits are labeled using the
channel name IR<0:7>. The in-service register (ISR} contains all the channels
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 registers discussed earlier, issues an interrupt

interrupt acknowledge cycles, a master controller outputs a cade to the slave
device which is compared in the cascade buffer/comparator with a three bit ID
code previously written. If a match occurs in the slave controller, it will
generate an interrupt vector. The contents of the vector register are used 10
provide the CPU with an interrupt vector during interrupt acknowledge (INTA)
cycles.

4-24 PRELIMINARY CHIPS and Technologiss, Inc.




B 82C316 Peripheral Controller

. Figure 4-8.  Interrupt Sequence
“%‘EEE%#‘%’A%\%‘EE&”&M
IR \ / AY
w / | W

CASCADE PR!DRIT\’IRESCLVE)

Interrupt Sequence

The 82C316 allows the CPU to perform an indirect jump to a service routine in
response to a request for service from a peripheral device. The indirect jump is
based on a vecior which is provided by ihe 82C316 on the second of two CFU
generated INTA cycles (the first INTA cycle is used for resolving priority and
the second cycle is for transferring the vector to the CPU). The events which
occur during an interrupt sequence are as follows:

1. One or more of the interrupt requests (IR7-IR0) becomes aclive, setting the
corresponding IRR bit{s).

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

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

4. During the first INTA cycle, the highest priority ISR bit is set and the
corresponding IRR bit is cleared. The internal cascade address is generated
and XD<0:7> outputs remain tri-stated. '

5. The CPU will execute a second INTA cycle, during which the 82C316 will
drive an 8-bit vector onto the data pins XD<0:7>, which is in turn latched by
the CPU. The format of this vector is shown in Table 4-22, Note that
V<3:7> in Table 4-22 is programmable by writing 1o initiglization control
word 2 (sce the section titled Initialization Command Words).

I

Table 4-22. Interrupt Vector Byte
iRQ D7 D6 b5 D4 D3 D2 D1 DO
RQ7 v7 V6 V5 V4 V3 1 1 1
IRQ6 Vi V6 V5 V4 V3 1 1 0
IRQ5 Vi V6 V5 V4 V3 1 0 1
IRQ4 Vi V6 N5 V4 V3 1 .0 0
IRQ3 °~ V7 V6 V5 V4 V3 0 i 1
IRQ2 Vi V6 V5 . V4 V3 0 10
IRQ1 Vi V& V5 v4 V3 0 0 1
TRQO V7 Vé Vi  v4 V3 o 0 0
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4-26

I
Table 4-23.

6. At the end of the second INTA cycle, the ISR bit will be cleared if the
automatic end of interrupt mode is selected (see the section titled End of
Interrupt). Otherwise, the ISR bit must be cleared by an End of Interrupt
(ECI command from the CPU at the end of the interrupt service routine).

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

End of Interrupt

EOQI is defined as the condition which causes an ISR bit to be cleared.
Determination of which ISR bit is to be cleared can be done by a CPU command
{specific EOT} or, the priority resolver can be instructed to clear the highest
priority ISR bit (non-specific EOT),

The §2C316 can determine the correct ISR bit to reset when operated in modes
which 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, a 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, will not be clear by a non-specific EOI
command. The interrupt controller can optionally generate an automatic end of
interrupt {AEO]I) on the trailing edge of the second INTA cycle.

Assignment of priority is based on an interrupt channel’s position relative to the
other channels in the interrupt controller. After the initialization sequence, IR0Q
has the highest priority, IR7 has the lowest, and priority assignment is fixed
(fixed priority mode). Priority assignment can be rotated either manually
(specific rotdtion mode) or automatically (automatic rotation mode) by
programming operational command word 2 (QCW?2),

Fixed Priority Mode: This is the default condition which exists unless
rotation {either manual or automatic} is enabied, or the contzolier is programmed
for polled mode. In fixed priority mode, interrupts are fully nested with priority
assigned as shown in the following:

Fixed Priority Mode
Priority Lowest Highest
Status
6 5 4 3 2 1 0

Macting allawe intarmamto af o har mrinrity ta canarata Infarmynt camrag

MNEFUNE qulWs INWCITURIS O a uAE,uu priority to generate interrupt request prior
to the completion of the interrupt in service. When an interrupt is
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 (o that channel. While the ISR bit
is set, all interrupts of equal or lower priority are inhibited. Note that a higher
priority interrupt which occurs during an interrupt service routine, will only be
acknowledged if the CPU has internaly re-enabled interrupts.
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Figure 4-9.

B 82C316 Peripheral Controller

Before Rotation

Specific Rotation Mode: Specific rotation allows the system software o
re-assign priority levels by issuing a command which redefines the highest B
priority channel (specific rotation command issued with Channel 5 specified).

After Rotation

Pricrity Lowest Highast
Status
6. .5 4 3 2 1 0

(specific rotation coinmand issued with Channel 5 specified)

Priority Lowest : - Highest
Status .
4 3 2.. .1 0.1 6

Automatic Rotation Mode: In applications where 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

Initiaiization Sequence

START
| WRITE ICWi | xAo-0 xpsa1
| WRITE [cw2 | xa0-1

CASCADE
MODE?

| WRITE Iwa |

NO - ICwa?

YES

sl
mhlia

| WRITE ICW4 | xao=1

o
END OF INITIALIZATION
CONTROLLER READY

CHIPS and Technologies, Inc.
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4-23

Table 4-26.

|
Table 4-27.

controller will be serviced at least once in eight interrupt requests to the CPU
from the controller. Automatic rotation will oceur, if enabled, due to the
occurrence of EQI (antomatic or CPUJ generated). Table 4-26 and 4-27 provide
examples of specific rotation modes.

Before Rotation (IR4 is highest priority request being serviced)

ISR 187 156 185 154 153 1S2 151 iso
Status =
Bit O 1 ] 1 0 0 0 0
Pricrity Lowest Highast
Status — -
7 6 5 4 3 _ 2 1 0

After Rotation (IR4 service completed)

ISR 1S7 186 1S5 184 183 Is2 ist Ise
Status -

Bit g 1 0 0 0 0 0 0
Priority Lowest Highest
Status

3 2 1 0 7 6 5

Programming the Interrupt Controller

Two types of commands are used 1o control the 82C316 interrupt controllers,
initialization command words (ECWs) and operational command words (OCWSs).

Initialization Command Words

The initialization process consists of writing a sequénce of 4 bytes to cach
interrupt controller. The inifialization sequence is started by writing the first
initialization command word ICW1) to address 020H (0ACH) with a 1 on bit4
of the data byte. The interrupt controller interprets this as the start of the
initialization sequence and does the following:

1. The initialization command word counier is reset to zero.
ICW1 is latched into the device,

Fixed priority mode is selected.

IR7 is assigned the highest priority.

The interrupt mask register is cleared.

The slave mode address is set to 7.

. The special mask mode is disabled.

® N Y AW P

The IRR is selected for status read operations.

The next three I/O writes to address 021H (0A1HO) loads ICW2-ICW4. Sece
Figure 4-9 for a flow chart of the initialization sequence. The initialization
sequence can be terminated at any point (all 4 bytes must be writien for the
controller to be properly initialized) by writing to address 020H (CAQOH) with a0
in data bit 4. Note that this causes 0CW?2 or 0CW3 to be writien.
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|
Table 4-29.

I
Table 4-30.

I 32C316 Peripheral Controller

ICWi Address 020H (0AOH)

MSB LSB
-7 4 b& b5 b4 b3 b2 b1 bo
X X X ST LT™M X SM X
(write only register) . o ' ~

Sl: Bit 4 indicates to the interrupt controller that an initialization sequence is
starting and mustbe a 1 to write ICW 1. '

LTM: Bit 3 selects level or edge triggered inputs to the IRR. If a 1 is written to
must be active until the first INTA cycle is started to generate the proper
interrupt vector (an IR7 vector will be generated if the IRR input is deasserted
early) and the IR must be removed prior to EOI to prevent a second interrupt

£,
LUV ULV s,

SM: Bit 1 selects between single mode and cascade mode. Single mode is used
whenever only one interrupt controller (INTC1) is used. Cascade mede allows
the interrupt controllers to be connected through IR2 of INTC1. INTCI wilt
allow INTCZ to generate its own intefrupt 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 (0 operate.

ICW?2 - Address 021H (0AIH)

MSB S LSB
b7 06 55 g b3 bZ i bl
V7 Ve V5 V4l v 0 X X -~
(write only register)

V<3:7>: These bits are the upper 5 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 (see Figure 4-12). INTC1 and INTC2 need

not be programmed with the same value in ICW2.

ICW3 Format for INTCI - Address 021H

MSB LSB
b7 b6 b5 b4 b3 h2 b1 ho
s7 S6 S5 S41 S3 . $2 . .81 'S0

{write only register) 7

8<0:7>: Select which IR inputs have slave mode controllers connected. ICW3
in INTC1 must be written with a 04H for INTC2 to function.
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I
Table 4-31.

|
Table 4-32.

Operational Command Words

4-30

||
Table 4-33.

ICW3 Format for INTC2 - Address 0AIH

MSB LSB
b7 b6 hé b4 b3 b2 b1 b0
0 0 0 1)1 0 D2 iD1 1D0
(write only register)

iD2-ID0: Determine the slave mode address the controllers will respond to
during the cascaded INTA sequence. ICW3 in INTC2 should be written witha
02H for cascade mode operation. Note, b<3:7> should be zero.

ICW4
MSB LSB
b7 b6 b5 b4 b3 b2 b1 b0
X X X EMI X X AEOIL X
{write only register)

EMI: Bit4 will enable multiple interrupts from the same channel in fixed
priority mode. This allows INTC2 to fully nest interrupts, when cascade mode
and fixed priority mode are both selected, without being blocked by INTC1.
Correct handling of this mode requires the CPU to issue 2 non-specific EOI
command to INTC2 and check its in-service register for zero, when exiting an
interrupt service routine. If zero, a non-specific EOI command should be seat to
INTCL1. If non-zero, no command is issued.

AEOQOIl: Auto end of inferrupt is enabled when ICW4 is written with a zero in bit
1. The interrupt controller will perfom a non-specific ECI on the trailing edge
of the second INTA cycle. Note that this function should not be used in a
device with fully nested interrupts; unless the device is a cascade master.

Operational command word 1 (OCW1) is located at address 021H (DAQH) and
may be written any time the controller is to in initialization mode. Operational
command words 2 and 3 (OCW2, OCW?3) are located at address 020H (OAOH)
with a 0 in bit 4 will place the controller in operational mode and load controller
in operational mode and load OCW2 (if data bit 3 = 0) or OCW?3 (if data bit 3 =
).

OCW1 - Address 021H (OAIH)

MSB LSB
b7 b6 b5 b4 b3 b2 b1 BO
M7 M6 M5 ] _M4 M3 M2 M1 MO
(read/write register)
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M<0:7>: These bits contro! the state of the interrupt mask register. Each
interrupt request can be masked by wntmg alinthe appropriate bit position
(MO controls IR0 etc.). Setting an IMR bit has no affect on lower priority
requests. All IMR bits are cleared by writing ICW1,

]
Table 4-34. OCW2 - Address 020k (OAOh}
MSB LSB
b7 bé bs b4 b3 b2 bt [ +11]
R SL EOIL S1 2/3 L2 L1 Lo
(write only register)

R: This bit is in conjunction with SL and EOI selects oprational function.
Writing a 1 in bit 7 causes one of the rotate functions to be selected.

el

Tabie 4-35. Rotate Function
R SL EOL Function
1 0 0. . . Rotate on auio EOT enable*
1 e Rotate on non-specific ECI
1 . 1 . 0 . Specific Rotate Command
1 1 L1 Rotate on specific EQI

* This function is dlsabled bv writing a zero to all three bit positions,

SL: This bit, in conjunction with R and EOI, selects operational function,
Writing a 1 in this bit position causes a specific or immediate funct:on to oceur,
All pecific commands require LS-L0 to be valid except no operation,

| ,
Table 4-36. Specific Function T e = =
R SL. EOI Function
0 1 _ 0 Nooperation N
0 _ 1 L1 Specific EOI Command
1 1 0 Speific Rotate Command .
1 1 L1 . Rotate on Specific EOI

EO1: This b1t, in conjunction with R and SL, selects opcrauonal function.
Writing a 1 in this bit position causes a funciion related 10 EO1 10 occur.,

. End of interrupt

R SL EOI Function

0 0 | Non-specific EOI Command

0 1 . 1 SpecificEOI Command .
1 S Rotate on non-specific EOI

1 1 1 Rotate on specific EQI
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Table 4-38.

Counter/Timer Functional
Description

4-32

S1: Writing a 0 in this bit position takes the interrupt controller out of initialize
mode and writes OCW2 or GCW3.

2/3: If the /O write places 2 0 in bit 4 (SI), then writing 2 0 in bit 3 (2/3)
selects OCW?2 and writing a 1 will select OCW3.

L<0:2»: These three bits are internally decoded to select which interrupt
channel is to be affécted by the specific command. L<0:2> must be valid during
three of the four specific cycles.

OCWS3 - Address 020H (0ACH)

MSB L.SB
b7 b6 b5 b4 b3 b2 b1 b0
0 ESMM SMM SI 23 PM RR RIS
(write only register)

ESMM: Writing a 1 in this bit position enables theset/reset special mask mode
function controlled by bit 5 (SMM). ESMM allows the other function in OCW3
1o be accessed and manipulated without affecting the special mask mode state.

SMM: If ESMM qand SMM both are written with a 1 the special mask mode is
enabled. Writing a 1 to ESMM and a 0 to SMM disables special mask mode.
During special mask mode, writing a 1 to any bit position inhibits interrupts and
a () enables interrupts on the associated channel by causing the priority resolver

s 3o th, ih,
to ignore the condition of the ISR,

Sl: Sec SI above.
2/3: See2f3 above.

j=3 Y| TrrTlad anmdn 10 amallad e el Y
PM: Polled mode is enabled by writing a § to bit 2 of OCW- causing the

82C316 to perform the equivalent of an INTA cycle during the next [/O read
operation 10 the controller. The byle read during this cycle will have bit 7 set if
an interrupt is pending, If bit 7 of the byte is set, the level of the highst pending
request will be encoded on bits 2-0. The IRR will remain frozen until the read

cycle is completed at which time the PM bit is reset.

RR: When the RR bit (bit 1) is 1, reading the status port at address 020H
(0AQH) will cause the contents of IRR or ISR (determined by RIS) to be placed

REPTNST TN cuamdl— — Fmmom o TY - amn g

on XD7-XD0. Asserting PM forces RR reset.

RIS: This bit selects between the IRR and the ISR durmg status read operations
ifIRR=1.

The counterftimer (CTC) in the 82C316 is gencral purpose, and can be used to
generate accurate time delays under software control. The CTC contains 3
16-bit counter (Counter 0-3) which can be programmed to count in binary or

binary coded decimal (BCD). Each counter operaies independenily of theother
two and can be programmed for operation as a timer of a counter.

PRELIMINARY CHIPS and Technelogies, Inc.
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Figure 4-10.  Counter{Timer Block Diagram
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CHIPS and Technologies, Inc.

All three of the counters shown in Figure 4-10 are controlled from a common set
of control logic. The control logic decodes control information writien (o the
CTC and provides the controls necessary to load, read configure and control
cach counter. Counter G and Counter 1 can be programmed for all six modes,
but Mode ? and Mode 5 have limited usefulness due to the lack of an external
hardware trigger signal. Counter 2 can be operated in any of six modes listed
below.

Mode 0 interrupt on terminal count
Mode 1 hardware retriggerable one-shot
Mode 2 rate generator

Mode 2 square wave generator

Maode 4 software triggered strobe

Mode 5 hardware reiriggerable strobe

All three counters in the CTC are driven from a common clock input pin
(TMRCLK) which is independent from other clock inputs to the 82C316,
Counter "s output (Out0) is connected to IR0 of INTC1 (see the section Litled
Interrupt Controller Functional Description) and may be used as an interrupt to
the system for time keeping and task switching. Counter 1 may be programmed
to generate pulses or square waves for use by extermnal devices. The third
counter (Counter 2) is a full function counter/timer. This channel can be used as
an interval timer, a counter, or as a gated rate/pulse generator.

Counter Description

Each counter in the CTC contains a control register, a status regi ster, a 16-bit
counting clement (CE), a pair of 8-bit counter input latches (CIL, CIH), and a
pair of 8-bit counter output latches (COL, COH). Each counter also has a clack
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input for loading and decrementing the CE, a mode defined GATE inpat for

controlling the counter (only GATE2 is externally accessible), and an QUT

signal (QUTO is not extemally accessible). The OUT signal’s state and function .
are controlled by the Counter Mode and condition of the CE.

The Control register siores the mode and command information used to control
the counter. The controf register may be loaded 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 status register allows the software to monitor counter condition and read
back the contents of the control register.

The counting element is a loadable 16-bit synchronous down counter. The CE
is loaded or decremented on the falling edge of TMRCLK. The CE comntains the
maximum count when a 0 is loaded; which is equivalent to 655536 in binary
operation or 10000 in BCD. The CE does not stop when it reaches 0. In Modes
2 and 3 the CE will be reloaded and in all other modes it will wrap around to
FFFFH in binary operation or 9999 in BCD.

The CE is indirectly loaded by writing one or two bytes (optionaf} to the connter
input latches, which are in turn loaded into the CE. This allows the CE to be
loaded or reloaded in one TMRCLK cycle.

The CE is also read indirectly by reading the contents of the counter output
latches. COL and COH are transparent latches which can be read while :

transparent or latched. .

Programming the CTC

Alfter power-up, the conditionn of CTC control registers, counter registers, CE |
and the output of all counters is undefined. Each counter must be programmed
before it can be used.

Counters are programmed by writing a control word and then an initial count. 1
The control register of a counter is written by writing to the control word
address (see Table 4-39). The control word is a write only location.

Table 4-39. Counter/Timer Address Map *
Address Function
040K Counter 0 Read/Write
041H ‘Counter 1 Read/Write _
042H Counter 2 Read/Write ) q
045  Counter Register Write Only ' i T
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Table 4-40.

Table 4-41.

B 82C316 Peripheral Controller

Control Word - (043H)

MSB LSB
b7 [.15) b5 b4 b3 b2 b1 bo
B3 E2 F1__ FO M2 Ml MO BCD

{write only register)

F<0:3>: Bits 4-7 determine the command to be performed as shown in Table
4-41,

Counter Commands

F3 F2 F1 Fo  Command

0 0 0 0 Latch Counter 0 (see Counteriathh@omrhand) ]
0 0 0 1 Read/Write Counter 0 LSB only

0 0 1 0 Read/Write Counter OMSB only -

4] 0 1 1 Read/Write Counter 0 LSB then MSB ]
0 1 0 0 Laich Counter 1 (see Counter Latch Command)
G 1 0 i Read/Write Counter 1 L3B only

0 1 1 _ 0 Read/Write Counter IMSBonly

0 1 1 .1 Read/Write Counter 1 LSB then MSB

1 0 0 0 Latch Counter 2 (see Counter Laich Comma.nd)

1 0 0 ,,J ) Read{W Tite Counr.er 2 LSB only

1 0 1 0  Read/Write Counter 2 MSB only

1 0 1 1 Read/Write Counter 2 LSB then MSB

1 1 X X Read-Rack Command (see Counter Read-Back

C ommand)

MSB = most s1gmﬁcant b te S .
LSB = least sigimificant byte -

M<0:2=: Bits -3 determine the counter’s mode during read/write counter
cofmiands, of select ihe counter during a read-back command. Bits 1-3 become
“don’tcare” during latch counter commands.

BCD: Bit 0 selects binary coded decimal counting format during read/write
counter commands. When bit O is 0, then it is a binary count and when bit 0 is

setto 1,itis a BCD count, Note that during read-back command this bit must
be 0.

Read/Write Counter Command
When writing to a counter, twa conventions must be observed:
1. Each counter control word must be written before the initial count is written.

2. Writing the initial count must follow the format specified i in the control word
{least significant byte only, most significant byte only, most mgmﬁcant byte
only, or least significant byte and then most significant byte).
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I
Table 4-42.

A new initiat count can be written into the counter at any time after
programming without rewriting the control word; providing the programmed
format is observed.

During read/write counter commands, M<0:2> are defined as shown in Table
442, -

Counter Mode
M2 M1 Mo Function '

0 0 0 Select Mode 0

0 0 1 Select Mode 1

X 1 0 Select Mode 2

X 1 1 Select Mode 3

i 1 ) 0 Select Mode 4 )

1 1 1

Select Mode 5

Latch Counter Command

‘When 2 latch counter command is issued, the counter’s output faiches (COL,

COH) latch the current state of the CE, COL and COH remain latched until read

by the CPU, or the counter is reprogrammed. The oniput latches then returns 1o

a “transparent” condition. In this condition, the latches are enabled and the

coiients 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 will

cause aii but ihe firsi command io be ignored.

Read-Back Command

The read-back command allows the user to check the count value, mode and
state of the OUT signal and null count flag of the selected counter(s). The
format of the Read-Back command is as shown in Table 4-43.

LC: Writing a () in bit 5 causeg the selected counter(s) to latch the s

COL and COH. : : ‘

LS: Writing a 0 in bit 4 causes the selected counter(s) to latch the current

condition of its control register, niull count and output into the status register.

The next read of ihie counier resulis in the conienis of the status regisier being

read. i
C<0:2»: Writing a 1 in bit 3 causes counter 3 to latch one or both of the

registers specified by L.C and LS. The same is true for bits 2 and 1 except that ‘
they enable counters 1 and O respectively.
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Table 4-43,

Il 82C316 Peripheral Controller

Status Byte
MSB LSB
b7 b6 b5 b4 b3 b2 b1 b0
B3 P FLF_~ MM MO0  BCD

Each counter’s laiches remain latched until either the latch is read or the counter
isreprogrammed.

IfLS =LC =0, status will be returned on the next read from the counter. The
next one or two reads (depending on whether the connter is programmed to

trancfar nne or tun hutad) fram the conntar vacnlt in tha srnomt haing ratnrned
WainaihA ULV W LU UY o) ALV WiV VUGG IUDHIL L LG MU UVLLLE AU,

OUT: Bit 7 contains the state of the QUT signal of the couner.

NC: Bit 6 contains the condition of the Null count flag. This flag is used to
indicate that the contents of the CE are valid. NC will be set to a 1 during a
write to the Control register or the counter. NC is cleared to a 0 whenever the
counter is loaded from the counter input registers.

F<0:1>: Bits 4-5 contain the FO and F1 command bits which were written to

Tur mosmm snn ol am ot b n A vk man [ P -, Lo cimn S

S COnnana LCRIsIEL UL I..HU- COUNnict uu.nug, illll..[dll&duuu J.lllb llU.UlllldLIUll m
useful in determining whether the high byte, the low byte or both must be
transferred during counter read/write operations, )

M<1:25: These bits reflect the mode of the counter and are interpreted in the
same manner as in write command operations.

BCD: Bit 0 indicates the CE is operating in BCD format.

Due to the previously stated restrictions in Counter 0 and Counter 1, Counter
will be used as the example in describing counter operation, but the description
of Mode 0, 2, 3, and 4 is relevant to all conniers.

TMRCLK pulse:
TMRCLXK input.

Trigger: The rising edge of the GATE2 input {refer to Figure 4-10),
Counter Load: The transfer of the 16-bit value in CIL and CIH to the CE.
Initialized: A control word written and the counter input latches loaded.

>

rising edge followed by a falling edge of the 82C316
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Mode 0 - Interrupt on Terminal Count

Writing the confrol word canses OUT2 to go low and remain low until the CE
reaches 0, at which time it goes back high and remains high entil a new count or
control word is writien. Counting is enabled when GATE2 = 1. Disabling the
count has no effect on OUT2.

The CE is loaded with the first TMRCLEK pulse after the control word and initial
count are loaded. When both CIL and CIH are written, the CE is loaded after
CTH is written, This TMRCLK pulse does not decrement the count, so far an
initial count of N, QUT2 doesn’t go high until N + 1 TMRCLK puises after
initjalization, Writing a new initial count 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 will still be loaded on the next
TMRCLX pulse but counting does not begin until GATE2 = 1, OUT2
therefore, goes high N TMRCLK pulses after GATE2 = 1.

T N

Caa . m am

Mode 1 - Hardware Retriggerable One-Shot

Writing the control word causes OUT2 to go high initially. Once initialized the
counter is armed and a trigger causes OU>T2 to go low on the next TMRCLK
pulse. OUT2 then remaing low until the counter reaches 0. An initial count of
N results in a one-shot pulse N TMRCLK cycles long.

Any subsequent triggers while OQUT>2 is low cause the C to be reloaded,
extending the length of the pulse. Writing a new count to CIL and CIH will not
affect the current one-shot unless the counter is retriggered. .

Mode 2 - Rate Generator

Mode functions as a divide-by-N counter, with OUT2 as the carry. Writing the
control word during initialization gets GUT2 high.

‘When the initial connt is decremented to 1, OUTZ2 goes low on the next
TMRCLK pulse. The following TMRCLX pulse returns OUTZ high, reloads
the CE and the process is repeated. In Mode 2 the counter continucs counting
(if GATE2 = 1) and will generate an QUT2 pulse every N TMRCLK cycles.
Note that a count of 1 is illegal in Mode 2.

GATE2 = 0 disables counting and forces OUT W2 high immediately. A trigger
reloads the CE on the TMRCLK pulse. Thus GATEZ can be used to
synchronize the counter 1o external events,

P L T o vy T S

Writing a new count while counting does not affect current operation unless a
trigger is received. Otherwise, the new count will be loaded at the end of the
current counting cycle.
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Mode 3 - Square Wave Generator

. Mode 3 is similar 1o Mode 2 inevery respect except for the duty cycle of OUT2.
OUT2 is set high initially and remains high for the first half of the count. When
the first haif of the initiai count expires, OUTZ goes low for the remainder of the

count. )

If the counter is loaded with an even count, the duty cycle of QUT2 will be 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

‘Writing the control word causes OUT2 to go initially, Expiration of the initial
count causes OUT2 to go low for one TMRCLK cycle. GATEZ = 0 disables
counting but has no effect on OUT2. Also, a trigger will not reload the CE.

The counting sequence is started by wrifing the initial count. The CE is loaded
on the TMRCLK pulse after initialization. The CE begins decrementing one
TMRCLK pulse later. OUT2 will go low for one TMRCLK cycle, (N + 1)
cycles after 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 allows the sequence to be “retriggerable” by software.

. Mode 5 - Hardware Triggered Strobe
Writing the control word causes QUT2 to go high initially, Counting is started

hvy triocoar The syniratinn af the inifial ronnmt eancac OTTTD ta on Ina far Ana
Oy WIZgCh, LaC LXPIrauon Oo Lo INiuas CoUL £auses Wi U U

TMRCLK cycle. GATEZ = 0 disables counting,

The CE is loaded during counting, the current counting sequence will not be
affected unless a trigger occurs. A trigger causes the counter to be reloaded
from CIL and CIH, making the counier “reriggerabie.”

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 ann internal flip-flop whose output is sampled
on the next rising edge of TMRCLK. The flip-flop resets immediately after
being sampled. Note that in Modes 2 and 3 the GATE?Z input is both edge and
level sensitive. Table 4-45 summarizes the GATE pin function for all modes.

GHIPS and Tachnelagies, Inc. - PRELIMINARY o ' ' 4-39




M 82C316 Peripheral Controller

Table 4-44. Gate Pin Function

Mode Condition .

Low

Rising

High

Disables Counting

Enables Counting

- a) Initiates Counting -
b) Resets Out Pin

2 la) Disables Counting Initiates Counting

b) Forces Out Pin High

Enables Counting

3 a) Disables Counting
b) Forces Out Pin High

Initiates Counting Enables Counting :

4 Disables Counting - Enables Counting

5 —_

Initiates Counting —

Real Time Clock Functional
Description

This section of the 82C316 combines a complete time-of-day clock with alarm,
one hundred year calendar, a programmable period interrupt, and 114 bytes of
Iow power static RAM. Provisions are made to enable the device to operate ina
fow power (battery powered) mode and protect the contents of both the RAM
and clock during system power-up and power-down.

Register Access .

I/O ports 70H and 71H are used for accessing the 128 locations in the Real Time
Clock. First the index address {0 to 7FH) is output to port 70H. Then the data is
read or written at port 71H. The entire port 70H/71H sequence should be
completed while interrupts are inhibited or during an interrupt service routine
before re-enabling interrupts. Otherwise, an interrupt service routing potentiaily
could intervene between the output to port 70H and the subsequent IfO to port
71H, over-writing the port 70H value,

Address Map

Table 4-46 illustrates the internal register/RAM organization of the real time |
clock portion of the 82C316, The 128 addressable locations in the real ime
clock are divided into 10 bytes which normally contain the time, calendar and .
alarm data, four control and status bytes and 114 general purpose RAM bytes. 4
All 128 bytes are readable by the CPU. The CPU may also write to all locations |
except registers C, D, bit 7 of register A, and bit 7 of the seconds byte which is
always 0.
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Table 4-45. Address Map for Real Time Clock
Index Function

00 - Seconds
01 Seconds Alarm
o2 Minutes
03 Minutes Alarm
04 Hours
05 Hours Alarm
06 Day of the Week
07 Day of the Month
03 . Month
0  Year
0A Register A
0B Register B
0c Register C
0D Register D
OE User RAM
OF User RAM
7E User RAM
7F User RAM

Time Calendar and Alarm Bytes

B 32C316 Peripheral Controlier

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

Before initialization of the intemal registers can be performed, the set bit in
register B should be set to a “1” to prevent real time clock updates from
occurring. The CPU then initializes the first 10 locations in BCD format. The
SET bit should then be cleared to allow updates. Once initialized and enabled,
the real time clock will perform clock/calendar updates ata 1 Bz rate.

PRELIMINARY
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Table 4-47 shows the format for the ten clock, calendar and alarm locations.
The 24/12 bit in register B determines whether the hour locations will be
updated using a 1-12 or 0-23 format. After initialization, the 24/12 bit cannot be
changed without reinitializing the hour locations. In 12 hour format the high
order bit of the hours byte in both the time and alarm bytes will indicate PM
when itisa “1.”

Table 4-45. Time, Calendar, Alarm Data Format

index Function BCD Range
Register
Address
0 Secong_ls _ 00-59
1 Seconds Alarm 00-59
2 Minutes 00-59 o
3 Minutes Alarm 00-59
Hours 01-12 (AM) i
(12 hour mode) _ 81-?% {PM)
4 - -
Hours 00-23
(24 hour mode)
Hours Alarm 01-12 {(AM)
(12 hourElEde) 7 81-92 (PM) B
5 e L— a8
Hours Alarm 00-23
(24 hour mode) 7
6 Day of the Week _ 01-07 )
7 DayoftheMonth 01-31 I
8 Month D 01-1727 )
9 Year 00-99 . . ’ -

During updates, which occur once per second, the 10 bytes of time, calendar and
alarm information are unavailable to be read or written by the CPU for a period
of 2ms; These 10 locations cannot be written during this time. Information read
while the real time clock is performing updates will be undefined. The update
cycle section shows how to avoid update cycle/PCU contention problems.

The alarm bytes can be programmed to generate an interrupt at a specific time or
they can be programmed to generate a periodic interropt. To generate an
interrupt at a specific time, the user need only program the time that the
interrupt is to occur into the 3 alarm bytes. Alternately, a periodic interrupt can
be generated by setting the high order two bits in alarm register to a “1,” which
turns that byte into a “don’t care.” For instance, an interrupt can be generated
once a second by programming the same evaluate into all three alarm register.

Static RAM

The 114 bytes of RAM from index address OEH to 7FH are not affected by the
real time clock. These bytes are accessible during the update cycle and may be
used for whatever the designer wishes. Typical applications will use this as
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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 82C316 contains four registers used to control operation and manitor the
statng of the real time clock, These registers ara located at index addracs

ol 2 220 I BRI AR, LANCaL JRgtatTio A i Adalatson CavavAL L

0AH-0DH and are accessible by the CPU at all times.

I
Table 4-47. Register A (0AH)
MSB LSB
b7 b6 bS5 b4 b3 b2 b1 b0
UIiP DvZ DVi DVY{ RS3 RS2 -R51 RS0

(Read/Write register except UIP)

UIP: Update in progress flag is a status bit used to indicate when an update
cycle is about to take place. A “1” indicates that an update cycle is taking place
or is imminent. UIP will go active (high) 244us prior to the start of an update
cycle and will remain active for an additional 2Zms while the update is taking
place, The UTP bit is read only and is not affected by RESET4. Writing a “1”
to the SET bit in register B will clear the UIP status bit.

. DV<0:2>: These three bits congol the divider/prescaler on the Real-Time
Clock. While the 82C316 can operate at frequencies higher than 32.768K¥Hz,
this is not recommended for battery powered operation due (o the increased
power consumption at these higher frequencies. ' '

I

Table 4-48. Real Time Clock Divide

DvV2 DV1 DVO OSCI Freq Mode
0 0 0 4.194304 MHz | Operate
0 0 1 1.048576 MHz | Operate
0 1 0 32,768 Kz Operate
1 1 X Reset Divider

RS5<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
however, use the same interrupt channel in the interrupt controller. Use of the
periodic interriipt allows the generation of interrdpis at rates higher than once
per second. Table 4-50 shows the interrupt rates for which the real time clock
can be programmed.
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I
Table 4-49.

———
I
Table 4-50.

Periodic Interrupt Rate .

Rate Selection Time Base
B 4.194304 MHz

RS3 RS2 RS1 RSO 1.048576 MHz 32.768 KHz
0 0 0] 0 None None
0 o G 1 30517 s 390526 ms
0 0 1 0 61.035 ps 7.8125 ms
0 0 1 1 122,070 s 122.070 ps
0 1 0 0 244,141 ys 244.141 pis
0 1 0 1 488.281 ps 488.281 pis
0o 1 1 0 976.562 s 976.562 s )
0 1 1 1 1953125 ms 1953125 ms
1 0 o 0 3.90625 ms 3.90625 ms
10 0 1 7.8125 ms 7.8125 ms
1 0 1 o 15.625 ms 15.625 ms
1 0 1 1 3125ms 31.25 ms
1 I 0 0 62.5 ms 62.5ms
1 1 0 1 125 ms  125ms
1 1 1 0 250 ms 250 ms
1 1 1 1 " 500 ms 500 ms ~

A
Register B (OBH) W
MSB LSB
b7 b6 b5 b4 b3 b2 b1 b0
SET PIE AIE UIE 0 0 24/12  DSE ]
Read/Wrile register)

SET: Writing 2 “0” to this bit enables the update cycle and allows the real time
clock to function normally, When set to 2 “1” the update cycle is inhibited and
any cycle in progress is aborted. The SET bit is not affected by the RESET4

input pin,

PIE: The periodic interrupt enable bit controls the generation of interrupts
based on the value programmed into the RS3-RSO0 bits of register A. This
allows the user to disable this function without affecting the programmed rate.
Writing a “1” to this bit enables the generation of periodic interrupts. This bit is

L1Tats ]
cleared 1o 2%0” by Reset

R e

AIE: The generation of alarm interrupts is enabled by setting this bit to a “1.”
Once this bit is enabled the real time clock will generate an alarm whenever a
match occurs between the programmed alarm and clock information. If the
don’t care condition is programmed into one or more of the alarm registers, this
will enable the generation of periodic interrupts at rates of one second or greater.

This bit is cleared by Reset. .
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Table 4-51.

B 82C316 Peripheral Controller

24/12: 2412 control bit is used to establish the format of both the hours and
hours alarm bytes. If this bitisa “1,” the real time clock will interpret and
update the information in these two bytes using the 24 hour mode. This bit can

Yaao ~e

be read or wriiten by the CPU and is not affected by Keset.

DSE: The real time clock can be instructed to handle daylight savings time
changes by setting this bit to a “1.” This enables two exceptions to the normal
time keeping sequence to occur. On the last Sunay in April AM. Setting this bit
to a “0” disables the execution of these two exceptions. PSRSTC- has no affect
on this bit.

Register C (0CH)
MSB . LSB
b7 b6 b5 b4 b3 b2 b1 b0
IRQF PF AF UF 0 " 0 _0 0
{Read only register)

IRQF: The interrupt request flag is set to a “1” when any of the conditions
which can cause an interrupt is true and the interrupt enable for that condition is

trmra Tha aanditinm vaihinh Ancoano thinlie to e ant olom e mcctn v e

Tue. 108 CORGIUGIl WnlC4d Causcs Liis ol 10 v 38t aso E,Lllbl.dl.bb il l.lllt:l'l'l.l]_JL
The logic expression for this flag is:

IRQF =PF & PIE
+ AT & AIE
+ UF & UIE

This bit and all other active bits in this register are cleared by reading the
register or by activating the PSRSTB/input pin. Writing to this register has no
affect on the contents.

PF: The period interrupt flag is set to a “1” when a transition, which is selected
by RS3-RS0, occurs in the divider chain. This bit will become active,
independent of the condition of the PIE control bit. The PF bit will then
generate an interrupt and set IRQF if PIE isa “1.”

AF: A “1” appears in the AF bit whenever a match has occurred between the
time register and alarm registers during an update cycle. This flag is also
independent of tis enable (AIE} and will generate an interrupt if AIE is true,

Table 4-52. Register D (0DH)

MSB LSB
b7 b6 bS5 b4 b3 b2 b1 b0
VRT 0 0 0 o 0 0 0
(Read only register)

VRT: The valid RAM and time hit indicates the condition of the contents of the

real time clock. This bit is cleared to a “0” whenever the PS input pin is LOW.
This pin is normally derived from the power supply which supplies Vec to the
device and will allow the user to determine whether the registers have been
initialized since power was applied to the device. PSRSTB has no effect on this
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Update Cycle
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on this bit and it can only be set by reading register D. All unused register bits
will be “0” when read and are not writeable.

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 cleared.
The function of the update cycle is to increment the clock/calendar registers and
compare them to the alarm registers. If a match occurs between the two sets of
registers, an alarm is issued and an interrupt will be issued if the alarm and
interrupt control bits are ¢nabled.

During the time that ar update is taking place, the lower 10 registers are
unavailable to the CPU. This is done to prevent the possible corrruption 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 s mainiened until the ccle
is complete. Once the cycle is complete the UIP bit will be cleared and the
update flag (UF) in register C will be set. Figure 4-11 illusirates the update
cycle. CPU access is always allowed to register A through D during update

runlaa
cycles,
[
Figure #-11. Update Cycle
tRedRTEn SEENOTE S e
Py . Ea

oy 244ue q 6. l———ﬁs&mz

NOTE:
1. AEGISTER 0-0 ARE UNAVAILABLE TO BE READ CR WRITEH DURIKG THIS TME
2, UF BT QEARED BY CPUREAD OF REGISTER &,

Two methods for reading and writing o the real time clock are recommendedi.
Both of these methods will allow the nser 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 and if it
is “0,” 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 longer than 244us to complete
from the beginning of ihe read of regisier A io ihe compieiion of the Iast read or
write operation to the clock calendar registers.

The second method of accessing the lower 10 registers is to read register C once
and disregard the contents. Then subsequently continue reading this register
until the UF bitisa “1.” This bit will become true immediately after an update
has been completed. the user then has until the start of the next update cycle to
complete a read or write operation,
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I
Figure 4-12.

M 82C316 Peripheral Coniroller

Most applications will require the real time clock to remain active whenever the
systern power is turned off. To accomplish this the user must provide an
alternate source of power to the 82C316. This alternate source of power is
normally provided by connecting a battery to the Ve supply pin of the device.
A means should be provided to switch from the system power supply 10 the
battery. A circuit such as the one shown in Figiire 4-12 may be used to
eliminate power drain on the battery when the entire 82C316 is active. The
circuit shown here will allow for reliable transitions between system and hat
power without undue battery power drain.

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 result 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
(PWRGD) should be low whenever the system power supply is not within

enacif nf‘ahnﬂc fnr nronsr r\nnrnhr\n nf ﬂ'\n guotam Thic aional mav he o o]
spec I PROper Ope O O WO SYSwil,  A3liS Sighas may o Euuulnwu.

by circuitry in either the power supply or on the system board. The PWRGD
input will disable all unnecessary inputs during the time the system is powered
down to prevent noise on the inactive pins from causing increased Icc. This pin
must therefore be inactive for the remainder of the device to operate properly
when system power is applied.

One pin is provided to initialize the device whenever power is applied to the
82C316. This pin (PSRSTB-) will not alter the RAM or clock/calendar contents

bat 1t will mmitialize the necessary cortrol rm:nefm- hite, ann the mn Adacrrintinn
WRAN LA W DWwd ﬁHLlUlI

for a list of the control register bllS affected by PSRS'I'B -). Assemon of
PSRSTB- disables the generation of interrupts and sets a flag indicatiing that the
contents of the device may not be valid. A recommended circuit for controllmg
the PSRSTB- inpat is also shown in Figure 4-12,

Power Conversion and Reset Circuitry

6V BATTERY

INSB18 IN5818
1 21 2

CHIPS and Technologies, Inc,
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[
Table 4-53.

T
Table 4-54. Name: DMAl Channel 0 Address Register (READ/WRITE/FLIP-FLOP)

B 82C316 Peripheral Controller

82C316 Internal Registers

82C316 Internal Decode

Deavice Address Range

DMA Controlier #1 000H -00FH

Intermupt Controller #1 020H-021H

Configuration Registers - 022H-023H 3
Countes Timer Controller 040H-043H _
Real Time Clock (CMOS RAM) G70H-071H 7
DMAPAGE Registers 080H-08FH S
Interrupt Controller #2 OACH-0ALH

DMA Controller #2

OCOH-ODFH

Addr

Bits

IOR-

iow-

FF

Values and Functions

000H

70

Read current low byte address.

Read current high I:ytc address.

S @ =l
E 1

Write base & current low byte address .
Write base & current high byte address.

Table 4-5. Name:DMAI Channel 0 Word Count Register (READ/WRITE/FLIP-FLOF)

Addr

Bits

IOR-

10W-

FF

Values and Functions

001H

70

Read current word count low byte.,

Read a.lrrent word ecount high byte.

Write base & current word count low byte.

ia N I e e }

QD = |-

Ll = L =]

Write base & current word count high byte.

Table 4-56. Name: DMAI Channel 1 Address Register (READIWRITE(FLIP-FLOP)

Addr

Bits

10R-

IoW-

FF

Values and Functions

7.0

o

—

[~}

Read current low byte address.

Do d ;e —a L2 et A

- o N
INCARG CUTTIL LT DY aulicia.

Write base & current low byte address,

— | [ ]

C)‘Oir-‘.

[ -

Write base & current high byte address.
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I
Table 4-57. Name: DMA!I Channel 1 Word Count Register (READ/WRITE(FLIP-FLOF)
. Addr Bits IOR- IOW- FF Values and Functions
003H 7:0 0 1 Q Read current word count low byte.
0 1 1 Read cum:nt word oou:nt high byte.
1 0 0  Write base & current word count low byte.
1 0 1 Writebase & current word count high byte.

|
Table 4-58. Name: DMAI Channel 2 Address Register (READ/WRITE/FLIP-FLOP)

Addr Bits IOR- IOW- FF Values and Functions
004H 7:0 0 1 0 Read current low byte address.
0 1 1 Read current high byte address.
T 0 0 Write base & current low byte address.
1 0 1 Write base & current high byte address.
||
Table 4-59. Name: DMAI Channel 2 Word Count Register (READ/WRITE/FLIP-FLOF)
Addr Bits 10R- 10W- FF Values and Functions
005H 70 0 1 0 Read current word count low byte.
0 1 1 Read current werd count high byte.
1 0 0 Write base & current word count low byte.
] i YWiiie base & currend word eourit high byis.

9

|
Table 460. Name: DMAI Channel 3 Address Register (READ/WRITE/FLIP-FLOP)

Addr Bits IOR- IOW- FF Values and Functions
006H 7:0 0 1 0 Read corrent low byte addregs.
0 1 1 Read current high byte address.
1 0 0 Write base & current low byte address.
1 i} 1 Write base & current high byte address.
Table 4-61. Name: DMA! Channel 3 Word Count Register (READ/WRITE/FLIP-FLOP)
Addr Bits 10R- 10OW- FF Values and Functions
007H T:0 0 1 0 Read cament wond count low byte.
4] i 1 Read current word count high byte.
1 n n W eita hara £ mreeant wraed Araint Taore hota
1 0 ] Write base & current word count low byte,
1 0 1 Wrile base & current word count high byte.
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|
Table 4-62. Name: DMAI Status Register (READ ONLY)

Index Bits Values and Functions

OD8H 7 o Channel 3 pending DMA service.
(0): DRQ3 not active. '
i: DRQ3 acnvc
6  Chamel 2 pcndmg -DM'A semce.
___(0): DRO? nok active.
1 : DRQ2 active.

5 Channel 1 pending DMA service.
{0): DROI not active.
1:DRQT active,

4 Channel 0 pending DMA service.
{0): DRQQ not active.

1: DRQO active.
3 Channel 3 Terminal Count status.
o {0): TC not reached.
1 : Channel 3 has reached TC.
2 Channel 2 Te.rmmal ‘Count status.
' ' (0): TC not reached.
1 : Channel 2 has rcached TC.

1 " Channel | Terminal Comt status.
(0): TC not reached.

1 : Channel 1 has reached TC.

0 Channel 0 Termmal Count status.
(0): TC not reached.

1: (31;1:11:101 0 has reached TC.

I -

Tabie 4-63. Name: DMAI Command Register (WRITE ONLY)
Addr Bits Values and Functions
008H 7 DACK input acnve level.

(0): DACK active low.
1: DACK acuve thh.
6 DREQ inpug acuve level.
O) DREQ actlve. low.
1: DR]jQ active l'ugh
5 Exu:ndcd Write enable.
(O) Write oorh.thénds are asserted late.

1 : Write commands are asserted ane DMA cycle earier
during a transfer,

4 _Priority type forc charinel s semc g
{0):Fixed priority.
1':Rot§ﬁpg priority.

3 ~ Transfer compression enable.

{0):Normal timing

1 Comgressed timing )
2 Master disable for the DMA controller.

(0) DMA comroller enable.
1 :DMA controller d:sable
Address hald during memory-to-memory transfers,
" {O)y:Address hold for Channel 0 disable.
1 :Address hold for Channel 0 enable.
0 Memory~:.o-Memory transfer enable.,
' (0):Memory-to-Memory transfers disable.
1 Mcmoryﬁo—anory transfers for channel 0 and 1 enable.

= |
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| 7
Table 4-64. Name: DMAI Request Register (READ ONLY)

. Addr Bits Values and Functions
009H T4 {1111): These bits are always set during a read.
3 Request bit for channet 3. . -

(0): No request pending. -

1 : Request pending for charmel 3. )
2 Request bit for channel 2.

(0): No request pending.

1 : Request pending for channel 2.
1 Request bit for channel 1.

{0): No request pending.

1 : Request pending for channel 1.
0 Request bit for channel C.

{0): No request pending.

1 : Request pending for channel 0.

T
Table 4-65. Name: DMAI Request Register (WRITE ONLY)
Addr Bits Vatues and Functions
Q09H 73 (XXRXX): Don’t Cares, e
2 Request bit.

{0): Reser Request bit.
1:Set Requestbit.

1:0 DMA Channel Request bit Selection.
{00): DMA Channel 0. )
—_ 01:D A Channel 1.
. 10 : DMA Channel 2. - _
11 : DMA Channel 3. .
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|

Table 466. Name: DMAI Command Register (READ ONLY)
Addr Bits Values and Functions
00AH 7 DACK input active level.

(0) DACK active low.
1 : DACK active high.
6 DREQ input acuvc level.
) {0): DREQ active low.
1: DREQ active high.
5 ____ Extended Write enable.
' (0): Wiite commands are asserted late.

1 : Write commands are asserted one DMA cycle earlier
dunng a mefer

4 ] Pnoni.y rype for channel servicing.
 __(O)Fixed priority.
1 ‘Rotating prionty. .
3 i Transfer édmpressim enable.
- (0):Normal timing '
1 :Compressed timing
2 _ Master disable for the DMA « comm]lcr
(0):DMA controller enable.
1 :DMA contmllcr duab]c
1 Address hold dun.ng mcmory—to-memory transfcrs
(D) . Address hold for Channel 0 disable.
1 :Address hold for Channel 0 enable.
0 Mermory-to-Memory transfer enable.
(0):Memory-1o-Memory transfers disable.
1 :Memory-to-Memory transfers for channel 0 and 1 enable.

Table 4-67. Name: DMAI Single Bit Request Mask Register (WRITE ONLY)
Addr Bits Values and Functions
00AH 73 (C00X): Don't Cares.
2 Request bit.

(3 Reset R:qucsl bit.
1 : Set Request bit.
1:0 DMA Channcl chuesz bit Selection.
{00 DMA G]annel 0.
01 : DMA Channel 1,
10 : DMA Channel 2.
11 : DMA Channel 3.
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T
Table 4-68. Name: DMAI Mode Register (READIWRITE )

. Addr Bits Values and Functions

COBIH 76 Channel Mode type.
(00): Demand Mode.
01 : Single Cycle Mode.
10 : Block Mode.
11 : Cascade Mode.

5 Address comnting direction.

(0): Increment address.

1 : Decrement address. .
4 Autoinitialization enable. . —

(0): Amoinirialization function disable.

1 : Autoinitialization function enable.

3:2 ‘Type of transfér. T

(00): Verify transfer,

01 : Write transfer.

10 : Read transfer.

11 : Hlegal. .
1:0 DMA Channe! Mode Selection.

(00): DMA Channel 0.

01 : DMA Channel 1.

10 : DMA Channel 2.

11 : DMA Channel 3.

|
Table 4-69. Name: DMAI Set Byte Pointer Flip-Flop (READ ONLY)
. Addr Bits Values and Functions
00CH 7:0 Bits 7:0 are don’t cares. The Set Byte Pointer Flig~Flop Clear
command i3 aciivaied as a result of the address access and

the assertion of YOR-. 'This command allows the CPU 1o adjust
the pointer o the high byie of an address or word count register.

Table 4-70. Name: DMAI Clear Byte Pointer Flip-Flop (WRITE ONLY)
Addr Bits Values and Funections -
00CH T Bits 7:0 2re dont cares. The Clear Byte Pointer Flip-Flop Clear
command is activated as a result of the address OOC% access and

the assertion of IOW-. This command allows the CPU to adjust
the pointer to the low byte of an address or word count register.

I
Table 4-71. Name: DMAI Temporary Register (READ ONLY)
Addr Bits Values and Functions
OODH 7:0 " Bits 7:0 contains values of XD<7:0> during the first cycle of a

memory-to-memory transfer. Data from the last

memory-to-memory transfer will remain in the register unless a
RESET4 or Master Clear occurs. e
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Table 472. Name: DMAI Master Clear (WRITE COMMAND ONLY)

Addr Bits Values and Functions
00DH 70 Bits 7:0 are don’t cares. The Master Clear command is activated
a5 a result of the address 00EH access and the assertion of IOW-.
command has the same effect as a hardware RESET. The
Command Rﬁister, Staws Register, Request Register, and Byte
Pointer Flip-Flop are cleared and the Request Mask Register 1s
sel.

Table 473. Name: DMAI Clear Mode Register Counter (REA

[ T R

COMMAN

Addr

Bits

Values and Functions

O0EH

70

Bits 7:0 are don’t cares. The Clear Mode Register Counter
command is activated a3 a result of the address 00EH access and
the assertion of [OR-. This command is provided to allow the

U to restart the mode xeacﬁ;mc&ss &t a known ﬁmr.. After
clearing the counter 21l four Mode Registers may be read by,
doing successive reads to the Read Mode Register address. The
order in which the registers will be read is el O first,

Channel 3 last.

Table 4-74. Name: DMAI Clear Request Mask Bits (WRITE COMMAND ONLY)

Addr Bits Values and Functions
O00EH 70 Bits 7:0 arc don’t cares. The Clear Mask Register command is
activated as a result of the address 00EH access and the assertion
of IOW-. This command enables all four DMA channels to
accept requests by clearing the mask bits in the registet.
|

Table 4.75. Name: DMAI Request Mask Register Bits (READ/WRITE)

Addr

Bits

Values and Functions

00FH

73

OO Dop't Cares.

3

__ Channel 0 Mask bit.

0 : No bit masrk;_i
_(1x BitAmaskm

Channcl 1 Mask b,

" 0:Nobit mask

___(1»:Bitmask
Chamnel 2 Mask bit.

0 : No bit mask
(1): Bit mask

__Channel 3 Mask bit.

0:No bi; mask':

{1): Bit mask
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Table 4-76. Name: INTC] Initialization Command Word #1 (15T WRITE ONLY)

. Addr Bits - Values and Functions
020H 75 (XXX):Don'tCares.
4 Start Initialization Sequence, N
{0): Do not begin initialization Sequence. -
1 : Begin Sequence and write to ICW1. ) "
3 Interrupt Level or Edge Trigper Select.

0 : Edpe Trigger enabled; Low to high transitions,
1 : Level Trgger enabled; Active high.
Xy Don't Came, . ., N
1 __Single or Cascade Mode Select

(0): Cascade Mode enabled; Cascade Mode allows l.hc
second interrupt controller

1 : Single Mode Enabled; Smgle Mode is used whencver
only one inferrapt controller is used.

0 (X): Don't Care. ot
R
Table 4-77. Name: INTCI Initialization Command Word #2 (2ND WRITE ONLY)
Addr Bits Values and Functions
(021H 73 - Upper five bits of internupt vector byte. These bits are
rogrammabie by the CFU. The lower ihree bits of the vector are
o . generaled by rhnji’nonty Resolver during interrupt acknowledge.
240 Reserved.

Table 4-78. Name: INTCI Initialization Command Word #3 (3RD WRITE ONLY)*

l Addr Bits Values and Functions

021H 7 Slave Mode Controller connected to IR7 select.
(0): No Slave Mode Controlier connected 1o IRT.
1 : Slave Mode Controller connected 1o IR7.
6 Slave Mode Controller connected to IR6 select.
(0): No Slave Mode Controller connected to IR6.
. _ . ....1;:Slave Mode Controller connected 1o IR6,
5 . ) Slavg Mode Controller connected to IRS select,
(0): No Slave Mode Controller connected to [RS5.
. _1: Slave Mode Controller connected to IRS,
4 _ Slave Mode Controller connected to R4 select. .
{0): No Slave Mode Controller connccted to IR4,
1 : Slave Mode Controller connectedtoIR4.,
3 Slave Mode Contro].ler connected 10 IR3 select, .

1: SIa,ve,Mo_de C‘omroller c.onnccled to IR3.

2 Slave Mode Controller connected to IR2 select.
{0): No Slave Mode Controlier connected to IR2.

_ 1 :Slave Mode Controller connected to IR2.

1 ~_ Slave Mode Controller connected 1o IR 1 select.
(0): No Slave Mede Controller connected toIR1.

3 _1 : Slave Mode Controller connected to IR1.

0 _ Slave Mode Controller connected to IRQ select.
{0): No Slave Mode Centroller connected to IR7.

) 1 ; Slave Mode Controller connected to IRQ.

. * Note: ICW3 in INTCI must be writter: with a 04H for INTCZ to function,
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Table 4-79. Name: INTCI Initialization Command Word #4 (4TH WRITE ONLY)

Vaiues and Functions .

Addr Bits
021H 75 XXX): Don't Cares. o
4 Enable Multiple Interrupts from the same channel in Fixed
Pnonzy Mode. This allows INTC2 to fully nest interrupts
3.2 XX): Don't Cares. )
i Auto End of Interrupt enable. This bit is active low. The
interrupt controller will perform a nonspecific EOI on the trailing
i edpe of the second INT. ;:y_(_:lcf
0 {X): Don’t Care.
|

Table 4-80. Name: INTCI Initialization Command Word #1 (READ/WRITE)

Addr Bits

Values and Functions

021H

=2

TRT Mascbit, _

jﬁ); Nomask.
1:MaskIRT.

_IR6 Mask bit.

————— s —— - .

_(0): No mask._

1: Mask IR6. __

IRS Mask bir.__

(0): No mask.
1 : Mask IRS..

_IR4 Mask bit.

(E)_: No mask.
1: Mask IR4.

IR3 Mask bt

(0): Nomask,
1:MaskIR3.

IR2 Mask bit.

{D): No mask.

—

1 : Mask IR2. _
TRI Mask bit. )

(b): No mask.
1 : Mask IRl.__

ol

IR0 Mask bit.

(0): No mask.__
1 : Mask IRO

e
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[
Table 4-81, Name: INTCI QOperational Command Word #2 (2ND WRITE ONLY)

. Addr Bits Values and Functions
020H 7 Rotate function select. Bit 7 is used in conjuiction with bits 6 and 5 10 select
operational functon. o _
B7 B6 BS Function ) o o
1 0 0 Rotate on aute EO] enable.
1 0 1 Rotate on non-specific EOL. B
i 1 0 Specific Rotate Command. B
1 1 1 ~ Rotate on specific EOL _
; 6 Specific or immediate function select. Bit 6 is used in conjunction with bits 7 and

5 to select operational function.

BT B6 B5 Function -
G i ¢ = Nooperation. _ o o
0 1 1 Specific EOICommand, =~~~ —
1 1 0 ~ Rotate on specific BOL. S )
5 Function related 10 EQI select. Bit 5 is used in conjunction with bits 7and 610
select operational function. ’ -
B7 B& BS Function o N
0 1 0 Non-specific EOI Cbmmand.r
. 0 1 1 Specific EOI Command.
1 1 7 0 Rotate on non -specific EOL
1 1 1 ~ Rotate ou specificEOL
4 WT.ntc{rupr. controller out of ﬁ;iﬁﬁiu mode seieci.

0: Disable initialization mode and write 9CW2 & OCW3.

1 : Enable initialization mode.

3 Operational Command Word Select.

0: OCW2 selected.

1:0CW3 sele_c&efiﬁ-ﬁ

2:0 Bits 2:0 are internally decoded to select which interrupt channel is 1o be affected
by the Specific Command.

000: IR7.

001: IRS.

N1n. TS
WAV Aty

011: IR4, o

103: IR3.

101; IR2.

110:1IR1.

. 111:IRO. . . e _ .
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Table 4-82. Name: INTCI Operational Command Word #3 (3RD WRITE ONLY}

M 52C316 Peripheral Controlier

Addr Bits

Values and Functions

020H 7

Bit 7 must be set to 0 for proper operation.

Enablc Special Mask Mode.

jO) Special Mask Mode bit becomcs a don’t care.

1 : Enable Special Mask Mode bit.

-Spec:al Mask Mode.

(0): Reset Spcclal Mask

1: ScLSpe.mal Mask.

] Imerrupt controller out of initialize mode select.

0: D1$ab1e mmahzanm mode and wme OCW?.& OCW3.

1 : Enable initialization mode.

' Openmonal Command Word Select

0: OCWZ selected.

1: OCW3 selected,

" Enatle Poll Command.

{0): No Poll Command.

1 : Poll Command,

Enable Read Regrsr.cr Command.

D) Read Repister t bit becomes a don’t care.

1 : Enable Read Reg:stcr Command bit.

" Read Regmcr Command.

(0): Read Interrupt Request. Register.

1:Read In;Sgnf:cE Resister ,

Table 4.83. Name: Clock/Wait State Control Register (READ/WRITE)
Index Register Address: 022H
Data Register Address: 023H

Addr Bits

Values and Functions

01H 76

_ Read/Write Cycle Wait States.

00: 1 Wait State

0 : 2 Wait States.

10 : 3 Wait States

{11): 4 Wait States.

54

16-bit DMA Cycle Wair States.

(00): 1 Wait State.

01 : 2 Wait Stases,

10 : 3 Wait States.

11 : 4 Wait States.

32

8-bit DMA Cycle Wait States.

(00) 1 Wait State.

01 : 2 Wait States. _

10: 3 Wait States.

11 : 4 Wait States.

|

Extendcd DMA Memory Read enable.

(0): Delay MEMR- by one clock cycle later than I[OW-.

1: Stant MEMR- a1 the same time as IOW-

DMA source clock.

(0) DMA Clock is equal to BCLK/2.

1 DMA C_lock is equal to BCLE.
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Table 484. Name: RTC, NMI & Coprocessor Reset Register (READ/WRITE)
Index Register Address: 022H

. Data Register Address: 023H
Addr Bits Values and Functions
26H 7 Real Time Clock selection.

(0): Selects internal RTC. ) .
1 : Selects extemal RTC. ] .
6 Coprocessor Reset Type.
(0): 80387 asynchronous reset,
1 - 80387 synchronous reset.
5 Power Fail warning active during Jast NMIR/O).
{0): Power Fail waming pin tot active.
1 : Power Fail warning pin was active. -
4 Power Fail Waming Enable. ] _
{0: PCU NMI disabled.
1 : PCU NMI enabled.
3 PCU NMI active level,
{0): PCU NMI active low.
1 : PCUJ NMI active high. o
2 _Local Bus READY timeout/NMI Enable, . .
(0): NMI is generated when READY timeout oceurs.
1 : NMI is not genenated and READY timeouf does not occur.

1 Normally, IfO decode in 82C316 uses address range AQ through
A9, The decode does not include A10 - A15. When this bit is set
to 0, the I/O decode does not. include A10 10 AlS for decoding. If
this bit is set to 1, A10 1o Al3 are included for /O addrass
decode. ‘This is the extended /O decode mode. For example,
when extended I/O decode is disabled, and 170 address of 64.
. The J/O decode will be active for address 064 and F64 (the

addresses A10 - Al15 are neglected). When extended I/O decode
is enabled, the L/ decade will be actve for I/O address 64 only
and AT cyele is performed for 1/Q address Fo4.

(0): Disable extended I/O.
1 : Enable extended /0,
0 NMIREADY- timeout bit.
(0): READY timeout has not occurred.
1 : READY timeout has occurred.

|

Table 4-85. Name: Programmable Port I Register MSBs (READI/WRITE)
Index Register Address: 022H o
Data Register Address: 023H

Addr Bits Values and Functions

T1H 7:0 Address bits A15-A8 of programmable /O PORT 1.

Table 4-86. Name: Programmable Port I Register LSBs (READ/WRITE)
Index Register Address: 022H
Data Register Address: 023H

Addr Bits Values and Functions
72H 70 Address bits A7-AQ of programmable /O PORT 1.
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I

Tabie 4-87. Name: Port 1 Enable Register (READ/WRITE)
Index Register Address: 022H
Data Register Address: 023H

Addr Bits Values and Functions
73H E] Reserved. I
75 PORT 1 /O Read Enible..

0: 1O read disable.

7 (1): /O read enable.

4  PORT11/OWrite Enable.

o " 0: IO write disable. I ‘ - -
_(1:5/O write enable. o

3:0 The bits 0:3 co d 10 addresses A<0:3>. These select the
1/0 address range fior the programmable Chipselect. Sctting a bit
will cause the corresponding address bit to be masked for
decoding. For example, if /O address is 80, and if bit 0 is set 1o
ébthe cFg:{gl:;u'nmal':lle chip select will be active for /O addresses

an .

||
Table 4-88. Name: Programmable Port 2 Register MSBs (READ/WRITE)

Index Register Address: 022H
Datia Register Address: 023H

Addr Bits Values and Functions
74H 0 Address bits A15-A8 of programmable, JOPORT 2.

Table 4-89. Name: Port 1 Enable Register (READIWRITE)
Index Register Address: 022H
Data Register Address: 023H

Addr Bits Values and Functions
75H 7:0 ___ Address bits A'T-A(_) of programmable I!O PORT 2.

Table 4-90. Name: Port 2 Enable Register (READ/WRITE)
Index Register Address: 022H
Data Register Address: 023H

Addr Bits Values and Functions
T6H 76 . Re_scrygd_. _ _
5 PORT2J/ORead Enable.

0 : /O read disable.
_ (1): /O read enable.
4 PORT 2 /O Write Enable.
- 702 /O write disable. ’ ) T B
(1) /O write enable.

30 . The bits 0:3 corre; d to addresses AD:A3. These select the YO
address range for ﬁe programmable Chipselect. Setting a bit will
cause the corresponding address bit to be masked for decoding.
For example, if address is 80, and if bit 0 jg set to 1, the
ggogrammable chip select will be active for IO addresses 80 and
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T

Table 4-91. Name: Programmable Port 3 Register MSBs (READ/WRITE)
Index Register Address: 022H '
Data Register Address: 023H

Addr Bits Values and Functions
77H T0 Address bits A15-A8 of programmable /O PORT 3.
[ |

Table 4-92. Name: Programimnable Port 3 Register LSBs (READIWRITE)
Index Register Address: 022H
Data Register Address: 023H

Addr Bits Values and Functions
78H 7.0 Address bits A7-AD of programmable /O PORT3
I

Table 4-93. Name: Port 3 Enable Register (READ/WRITE)
Index Register Address: 022H
Data Register Address: 023H

Addr Bits Values and Functions
T9H 76 Reserved. _
5 PORT 3 IO Read Enable.

0 : I/O read disable.
(1): /O read enable.

: PORT 3 10 Wre Bl —
0 : I/O write disable.
{1): /O write enable.

3:.0 The bits 0:3 cotrespond to addresses AQ:A3, These select the I/O
address range for fhpe programmable Chipselect. Setting 2 bit will
cause the corresponding address bit to be masked for decoding,
For example, 1f% address is 80, and if bit Qis set to 1, the

g:ogrammable chip select will be active for I/O addresses 80 and

Ql.

[ ]
Table 4-94. Name: Counter/Timer Counter 0 (READIWRITE)
Addr Bits Values and Functions
D40H 7:0 - Couonter 0 count register_(Read[W ri_te).
I
Table 4-95. Name: Counter/Timer Counter I (READIWRITE)
Addr Bits Values and Functions
041H 7:0 Counter 1 count register (Read/Write). )
|
Table 4-96. Name: CounteriTimer Counter 2 (READ/WRITE)
Addr Bits Values and Functions
Q42H 70 Counter 2 count register (Read/Write). .
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|
Table 4-97. Name: Counter/Timer Control Word Register (WRITE ONLY)
Addr Bits Yalues and Functions
Q43H T:4 Determine uxc Uvuuuquu to be ﬁn’fﬁuucd
D000 Latch counter 0
0001 Read/Write counter ( LSB enly.
0010 Read/Write comter 0 MSE only.

0011 Read/write connter 0 LSB then MSB.

0100 Latch counter 1.

0101  Read/Write counter 1 LSB only.

0110  Read/Write counter 1 MSB only.

0111 Readfwrite counter 1 LSB then MSB.

1000 Latch counter 2

1001 ReadWrite counter 2 LSE only.
1010  Read/Write counter 2 MSB only.
1011 Read/write counter 2 LSB than MSB.
1ixx Read-Back oorg@and

31 _Determine the counter” ] mode —

000 . Selectmode 0.

001 Select mode 1.

x10  Select mode 2.

xl1 Select mode 3.

110 Select mode 4.

111 Selectmode 5,

o  Determines the ype ofdl.(_-!j_CQl_l[l_lm_ _

{  Binary count.

1 Binarycodeddecimalcount.

|
Table 4-98. Name: Index Register Address
Addr Bits Values and Functions
OT0H 70 Index reg"xs'm"r audress The index value is yam.cu inport 70H 1o
access a particular register, The valid address nmgc'fu
B2C316 are O thmu 7.
I
Table 4-99. Name: Data Regisier Address
Addr Bits Values and Functions
071H T:0 Dauw register address. The index vaIue is placed in port 70H to
access a particular register and the da %e read from or written
to that reg:ster is placed in port T1H
I
Table 4-100. Name: Unused
Addr Bits Values and Functions
080H 7:0 Not defined.
I
Table 4-101. Name: 8-bit DMA Channel 2 (READ/WRITE)
Addr Bits Values and Functions
081H 70 Address bits A16-A23 during 8-bit DMA(DACK?2) cycles.
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I :
Table 4-102. Name: 8-bit DMA Channel 3 (READIWRITE,
. Addr Bits Values and Functions
082H 7:0 Address bits A16-A23 during 8-bit DMA(DACK?3) cydles.
[
Table 4-103. Name: 8-bit DMA Channel 1 (READ/WRITE)
Addr Bits Values and Functions
083H 7:0 Address bits A16-A23 during 8-bit DMA(DACKEL) cycles.
]

Table 4-104. Name: Unused

Addr Bits Values and Functions

0841 70 Not defined. — _
[
Table 4-105. Name: Unused

Addr Bits Values and Functions

Q8SH 7:0 Not defined. _
[ ]

Table 4-106. Name: Unused

Addr Bits Values and Functions .
086H 7.0 Not defined. - o _
[ ]

Table 4-107. Name: 8-bit DMA Channel 0 (READ/WRITE)

Addr Bits Values and Fanctions
087H 7:0 Address bits A16-23 during 8-bit DMA(DACKO) cycles. -
|

Table 4-108. Name: Unused

Addr Bits Values and Functions
088H 70 Not defined. _
[
Table 4-109. Name: 16-bit DMA Channel 2 (READIWRITE)
Addr Bits Values and Functions
08O 7:0 Address bits A17-23 during 16-bit DMA(DACKS) cycles.
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|
Table 4-110. Name: 16-bit DMA Channel 3 (READ/WRITE)
Addr Bits Values and Functions .
OBAH 70 Address bits A17-23 duning nic’»—bii DMA@AI_CK?‘E CYCIES.
]
Table 4-111. Name: 16-bit DMA Channel 1 (READ/WRITE)
Addr Bits Values and Functions
08BH 0 __Address bits A17-23 during 16-bit DMA(DACKS) cycles.
I

Table 4-112. Name: Unused

Addr Bits Values and Functions

08CH 7:0 _ Not, defined.
|
Table 4-113. Name: Unused

Addr Bits Values and Functions

OSDH 70 Not defined. B
[ |

Table 4-114. Name.: Unused

Addr Bits Vaiues and Functions
0BEH 70 Not defined. ,
]
Table 4-115. Name: Refresh Cycle (READIWRITE)
Addr Bits Values and Functions
{8Fn E Addgess bits A23-A16 during a refresh oycle.
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Table 4-116. Name: INTC2 Initialization Command Word #1 (1ST WRITE ONLY)

Addr

Bits

Values and Functions

0ACH

7:5

OX): Don’t Cares.

4

Stant Initialization Sequence.

(0): Do not begin initialization Sequcnce

1 : Begin Sequence and write to ICW1.

Intcrrupr.Level orEdgeTriggerSelect o

1: Level Trigger enab]ed Acuve high.

X Den’t Care.

Single or Cascade Mode Select.

(0): Cascade Mode enabled.

Cascade Mode a]lows the sccfcmd

Intermupt cantroller, INTC2 to be connected through IR2
INTCI. InTC1 will allow INTCZ 10 generate its own int ﬁ
vectors if Cascade Mede is selected and the Lu hest nomy

pending is from an INTC2 input. INTCI anq must be
programmed for Cascade Mode for both devices to operate.

1 : Single Mode Enabled. Sin;
one interropt controller is us
for this device. .

e Mode is used whenever onl!
. This mode is not recommended

X): Don't Care.

Table 4-117. Name: INTC2 Initialization Command Word #2 (2ND WRITE ONLY)

Addr Bits Values and Functions
0AlH 73 Upper five biis of i mterm%L vector byte. These bils are
programmable by the CPU. The lower three bits of the vector are
generated by the Priority Resolver during intermupt acknow]edge
2:0 Reserved. _
I

Table 4-118. Name: INTC2 Initialization Command Word #3 (3RD WRITE ONLY)*

Addr Bits Values and Functions
DA1H 7:3 Bits 7 10 3 should be zero. .
2:0

Bits 2 10 0 determines the Siave Mode address the omlroller will
respond to during the cascaded INTA sequence. i

* Note: ICW3 in INTC2 should be written with a 02H for Cascade Mode operations.

Addr Bits Values and Functions
OAl1H 75 _{(XXX): Don’t Cares. .

4 Enable Multiple Interrupts from lhe same chan.ncl in Fixed .
Priority Mode. This allows INTCZ to fully nest mtermpr.s

32 (xx)y Don't Cargs. .

i Auto End of Interrupt enable. 'Tl'us b.n. is active low The
interrupt contrpller will perform 2 non-spcc:LF icEOI on the
trailing edge of the second INTA cycle.

1] _ (XY: Don’t Care.
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Table 4-120. Name: INTC2 Operational Command Word #1 (READIWRITE)

Addr Bits Values and Functions .

OALH 7 IR7 Mask bit.
" (0): No mask. _
1:MaskIR7. -
3 IR6 Mask bit. .
(0): Nomask. '
1 : Mask IR6.
5 IRS Mask bit, _ ,
~_(0pNomask. - : o -
1 : Mask IR5.
4 IR4 Maskbit.
’ "~ (0):Nomask.
1 : Mask IR4.
3 TR3 Mask bit.
(0): No mask.
1: Mfsk IR3.
2 IR2 Mask bit. _
' ' (0): No mask. ) ) ) T B
1 : Mask IR2. _ ) - R
T " TR1 Mask bit, L ) ' T f"
(: No mask. ] ) i
1:MaskIRI.
0 " IRO Mask bit.
(b): Nomask.
1 : Mask IRO.

¥
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I
Table 4-121. Name: INTC2 Gperational Command Word #2 (2ND WRITE ONLY)
Addr Bits Values and Functions
0AOH 7 Rotate function select. Bit 71s used in conjunction with bits 6
and 5 to select operational function.
B7 B6 B5
1 0 0
1 0 1
1 1 0 -
1 1 1
& Specific or immediate function select. Bit 6 is used in
conjunction with bits 7 and 5 1o select operational function.
B7 B6 BS
0 1 0 )
0 1 1
1 1 0
1 1 1
5 Function related to EOI select. Bit 5 is used in conjunction with

bits 7 and 6 10 select operational function.

B7 B6 BS

0 1 0 -

0 1 1

1 1 0

1 1 1 _
4 Interrupt controller out of initialize mode select.

0 : Disable initialization mode and write OCW2 & OCW3.

1 : Bnable initializationmode. ..
3 Operational Command Word Selcct.

0 : OCW2 selected,

1:00W3 selected, .

2:0 . Bits 2:0 are intemally decoded to select which intefrupt channel
is 1o be affected by the Specific Command.

000: IR7. -

001: IR6.

010: IRS.

011: IR4. .

100: IR3. ] o
101: 1IR2. - . T
110:IR1. ) -
me=we. B
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L] ,
Table 4-122. Name: INTC2 Operational Command Word #3 (3RD WRITE ONLY)

Bits

Values and Functions .

-
I

nr. Pt eTe
Bit 7 must be sei 1o O for PropeT ORCralion,

6

Enab]c Special Mask Mode.

(0): Special Mask Mode bit becomes a don’t care.

1 : Enable Special Mask Mode bit.

Special Mask Mede.

(0): Reset Special }V_I._a_ék.

1 : Set Special Mask.

Interrupt controller out of injtialize mode seledt.

@ ; Disable mmalmauon mode and write OCW2 & OCW3.

V53

1 : Enable initialization mode.

Upemmnal Command WOI’G -‘JEJECI

0 : OCW2 selected.

1 : OCW3 selected.

Enable Poll Command

_ (o) No Poll Commanc[

1 : Polt Command.

Enable Read Reglster Command.

(0) Read Reglstcr bit becomes a don’t care.

1 : Enable Read Register Command bit.

Read Register Corimiand.

(0): Read Intermp_t_ Re_:quest chlstcr

I
Table 4-123. Name: DMA2 Channel 0 Address Register (READIWRITE[FLIP-FLOF) .

1 : Read In-Service Register.

Addr

Bits

IOR-

IOW-

FF Values and Functions

0COH

7.0

Read current low byie address.

Read current hlgh byle address.

" Write base & current low t;y'te address.

— o~ |o

1
1
)
0

Write base & current hlgh byte address.

Table 4-124. Name: DMA2 Channel 0 Word Count Register (READ/WRITEIFLIP-FLOFP)

Addr

Bits

FF Values and Functions

0C2H

70

Read current word count low byte.

' Read current word count high byte.

Write base & cuﬁt;nt 'word count low byte,

' 'Wme base &. current word count hlgh byle

_Read current low byte address.

1- .

.0 o _
1 " Read current high bywe address. ‘
0 Write base & current low byte address.
1

' Write base & current high byte address.
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Table 4-126. Name: DMAZ2 Channel 1 Word Count Register (READI/WRITE/FLIP-FLOF)

Addr Bits IOR- IOW- FF  Values and Functions
0CsH 70 Q 1 0 Read current word count low byte.
Q 1 1 Read current word count high byte.
1 0 0 Write base & current word count Iow byte.
1 g 1 Write base & current word count high byte.
I
Table 4-127. Name: DMA2 Channel 2 Address Register (READ/WRITE/FLIP-FLOP)
Addr Bits iCR- 10oW- FF  Valuesand Functlons
OCSH 7:0 0 1 Q Read current low byte address.
0 1 1 Read corrent high byte address.
1 4] 0 Write base & current low byte address,
1 0 1 Write base & current high byte address.
|
Table 4-128. Name: DMA2 Channel 2 Word Count Register (READ/WRITE(FLIP-FLOP)
Addr Bits IOR- 1OW- FF  Values and Functions
QCAH 7:0 0 1 0 Read current word count low byte.
0 1 1 Read current word count high byte, .-
1 0 0 Write base & current word count low byte.
1 0 1 Write base & current word count high byte.
l____
Tabie 4-129. Name: DMAZ Channel 3 Address Register (READIWRITE/FLIP-FLOP)
Addr Bits 10R- 10W- FF - Values and Functions
OCCH 7:0 0 1 0 "Read current low byte address.
0 1 1 Read current high byte address. -
1 0 0 Write base & current low byte address.
1 01 1 Write base & current high byte {dt_iféss. o
I
ah T2 Noawio DAFAD T hannal 3 Ways 'nitnt RPonictar FRITANI 1T ID_ET P)
IR T A e IV LOSFASAL S TeT el bCh 7 TT U1 e L ilst VNG RL0tlr (s P AL A LB Ld S S8 dnis ]
Addr Bits IOR- IOW- FF Values and Functions
0OCEH 7:0 0 1 0 Read current word count low byte.
] 1 1 Read current word count high byte.
1 0 0 Write base & current word count low byte. .
1 0 1 Write base & current word count high byte,
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I
Table 4-131. Name: DMAZ Status Register (READ ONLY)

Addr Bits Values and Functions

Channel 3 pending DMA service.

(0): DRQ3 not active.
1:DRQ3 active.
6  Channel2 pending DMA service.
~ (0)%: DRQZ nat active.
1 : DRQ2 active.
5 Channel 1 pending DMA service. |
(0): DRQ1 not active.
1:DRQL active. =
4 Channel 0 pending DMA service.
(0): DRQO not active. : : -
1 : DRQO active.
3 Chammel 3 Terminal Count status.
(0): TC not reached,
1 : Channel 3 has reached TC.
) 2 " Channel 2 Terminal Count status.
© (0):TCnotreached.
1 : Channel 2 has reached TC.
1 Channel 1 Terminal Count status. '
- (0): TCnot reacked.
1 : Channel 1 has reached TC.
D Channel 0 Terminal Count status.
0): TCnot reached.
1 : Channel 0 has reached TC.

ATAWTT
uLun

~
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I 7
Table 4-132. Name: DMA2 Command Register (WRITE ONLY)
Addr Bits Values and Functions
0ODOH 7 DACK input active level.

{0): DACK active low.
1 : DACK active high.
6 DREQ input active Ievel, T
(0): DREQ active low.
1 : DREQ active high.
5 Extended Write enable.
(0): Write commands are asserted late.

1 : Write commands are asserted one DMA cycle earlier
durng a transfer. ) .

4 Priority type for channel servicing,.

(0):Fixed priority.

1 :Rotating priority. -

3 Transfer compression enable.
(0):Notmal timing
1 :Compressed timing
2 Master disable for DMA controller
(0):DMA controller enable.
1 :DMA controller disable. -
1 Address hold during memory-to-memory transfers.
(0):Address hold for Channel 0 disable.
1 :Address hold for Channel 0 enable.
0 ~ Memory-to-Memory transfer enable.

(0):Memory-to-Memory transfers disable.

1 :Memory-to-Memory transfers for channel 0 and 1 éﬂble.

Addr Bits Values and Functions
OD2H 7:4 {1111): These bits are always set during a read. ~
3 Request bit for channel 3.

(0): No request pending.

1 : Request pending for channel 3.
2 Request bit for channel 2.
(0): No request pending.

1 : Request pending for channe] 2.

1 Request bit for channel 1.

(0): Norequestpending.
1 : Request pending for channel 1.

0 Request bit for channel 0.
{0): No request pending,

1 : Request pending for channel 0.
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Table 4-134. Name: DMAZ2 Request Register (WRITE ONLY)

Addr Bits Values and Functions
0D2H 73 GOOC): Don't Cares.
2 Request bit. o
' " (0): Reset Request bit.
1 : Set Request bit.
10 DMA Channcl Request bit Selection,
~ (00): DMA Channel 0.
01 : DMA Channel 1.
10 : DMA Channel 2.
11 : DMA Channel 3.

[ |
Table 4-135, Name: DMA2 Comuand Register (READ ONLY)
Addr Bits Values and Functions
0D4H 7 DACK input active level.
(0): DACK active low.

1: DACK active high.

PR T st notive lawval
DREQ input acuve lavel,

(0): DREQ active low.
1 : DREQ active high.
5 Exiended Write enable.
(0): Write Bommands are asserted late.

L%

1 : Write commands arz—a_sscncd one DMA cycle earlier
during a tmnsfer.

4 P:ioriryr._ype for channel servicing.
(0):Fixed priority.
1 :Rotating prionity.

3 Transfer oomp;essioﬁ enable.

© (0):Normal timing
1 :Compressed timing

2 Master disable for the DMA controller.
B ) _(6):15MA—c—muoiler cnable.

1:DMA controller disable.
1 Address hold during memory-to-memory transfers.

(0):Address hold for Channel O disable.

1 s A ddenon hald Ffoe Thannal 1 atla
L v

1 wAlOiGSs andins 101 Al Sndcat.

H Memo-ry-to-Mé:ﬁo:y-ir'ans‘fer'ﬁ:aglé.

(OJ:Memmy-to-Memdry teansfers disable.

1 :Memory-to-Memory transfers for channel 0 and ! cnable.
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Table 4-136. Name: DMAI Single Bit Request Mask Register (WRITE ONLY)

Addr Bits Values and Functions
0D4H 73 (RXXXX): Don't Cares.
2 Requestbit, S
(0): Reset R-.e“cjuesl bit
1 : Set Request bi.
1.0 DMA Channel Request bit Selection.
(00): DMA Channel 0.
01 : DMA Channel 1.
10 : DMA Channel 2.
11 : DMA Channel 3.

T
Table 4-137. Name: DMA2 Mode Register (READ/WRITE) _
Addr Biis Values and Functions
OD6H 76 Channel Mode type. -
(00): Demand Mode.
01 : Single Cydle Mode. T
10 : Block Mode.
11 : Cascade Mode. o )
5 Address countmg direction

(0)_ Increment address.

1 : Decrement address.

4 Auto-initialization enable.
(0): Auto-initialization function disable.
1 : Aumto-initialization function enable.

32 Type of transfer.
(00): Verify transfer.
01 : Write transfer.
10 : Read transfer.
11 : llegal.

DMA Channel Mode Selection.
(00) DMA Channel0.
01 : DMA Channel 1.
10 : DMA Channel 2.
11 : DMA Channel 3.

-t
o
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Table 4-138. Name: DMAZ2 Set Byte Pointer Flip-Flop (READ ONLY)

Addr Bits Values and Functions

0DSH 70 Bits 7:0 are don't cares. The Set Byte Pointer Flip-Flop Clear
cormmand is activated ag a result of the address O0DBH access and
the assertion of IOR-, This command allows the CPU to adjust
the pointer 1 the high byte of an address or word count register.

I
Table 4-139. Name: DMAZ Clear Byte Pointer Flip-Flop (WRITE ONLY)
Addr Bits Values and Functions
ODSH 7:0 Bits 7:0 are don’t cares. The Clear Byte Pointer Flip-Flop Clear

command is activated as 2 result of the address O0D8H aceess and
the assertion of JOW-. This command aliows the CPU to adjust
the Poimgr to !.hc_'. _low byne_c_)_f an agrc_ss or wprd count repister.

|
Table 4-140. Name: DMA?2 Temporary Register (READ ONLY)
Addr Bits Values and Functions
ODAH 7:0 Bits 7:0 contains values of XD<7:0> duting the first cycle of 2

memory-to-memory transfer. Data from the last
memory-to-memory transfer will remain in the register unless a
RESET4 or Master Clear occurs.

||
Table 4-141. Name: DMAZ Master Clear (WRITE COMMAND ONLY)

Addr Bits Values and Functions

ODAH 7.0 Bits 7:0 are don't cares. The Master Clear command ig activated
as a result of the address 0DAH access and the assertion of IOW
This command has the same effect as a hardware RESET. The

Command Register
I
Table 4-142. Name: DMA2 Clear Mode Register Counter (READ COMMAND ONLY)
Addre Bits Values and Functions
ODCH 0 B don e TR e o e e and

command is aciivaied as a resuli of the address 0DCH access and
the assertion of IOR-. This command is provided to allow the
CPU to restart the mode read process at a known point. After
clearing the counter all four Mode Registers mayﬁ read

doing successive reads to the Read Mode Rczlgistcr address.” The

order in which the registers will be read is Channel O first,
Channel 3 last.
|
Tabie 4-143. Name: DMAZ2 Clear Request Mask Bits (WRITE COMMAND ONLY)
Addr Bits Values and Functions
ODCH 7:0 Bits 7:0 are don't carcs. The Clear Mask Register command is

activated ag a result of the address 0DCH access and the assertion
of IOW-, This command enables all four DMA channels to
accept requests by clearing the mask bits in the register.
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|
Table 4-144. Name: DMA?2 Reguest Mask Register Bits (READ/WRITE)

Addr Bits Values and Functions

0DEH 72 (XXXX): Don’t Cares.

3 Channel 0 Mask bit.
0 : No bit mask
(1): Bitmask

2 Channel T Mask bit.
0 : No bit mask
{1): Bit mask

1 Channel 2 Mask bit.
0 : Nobit mask
(1): Bit mask

0 Channel 3 Mask bit. ’ z
0 : No bit mask
(1): Bit mask

[ ]
Table 4-145. Name: Control PortiStatus

Addr Bits Values and Functions

61H 7 PARITY CHECK (read only). This bit indicates an error has
occurred on the planar memory.

0 = no error occurred.

1 = an eror occurred.

6 IOCH CHK (read oniy). This bit indicates an I/O channel check
has occurred (usually a parity erxor) on the system IO channel.
0 =no error occurred.

1 = an error occurred. L -
5 TMR. 2 QUT (read only). This bit retums the condition of the
timer 2 output.

4 RF?H DETECT (read only). This bit toggles on each refresh
cycle. §

3 CHCK DIS (read/wsite), This bit disables NMI generation for
channel check errors. .

0 = disables NMI (default).
1 = enables NMIL
2 PARITY DISABLE (read/write). This bit
0 = parity is enabled (default).
1 = pasity is disabled. '

1 SPKR DATA. (read/write). This bit gates the output of channel 2
of the timer/counter.

0 = cutput is disabled (default).
1 = cutput is enabled.

0 TMR 2 GATE (read/write). This bit controls operation of timer
channel 2. _ - .

0 = channel 2 timer operation is disabled (default).

1 = channel 2 timer cperation is cnabled.
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82C316 Pin Descriptions

Pin #

Symbol

Type

Signal Description

SCLK-

I

SYSTEM CLOCK INPUT is from the 32C315 and is the processor
signal used to control *bus timecut” and 80387 Synchronoys reset,

145

TMRCLK

TBMER CLOCK is the clock input for Counter 0, Counter 1 and
Counter 2 and has & value of 1.19MHz. TMRCLK is connected to the
QOSCIM19 output of the 82C315.

39

BUSCLK

configuration register.

BUS CLOCK. is used to generated the timing signals which control the
DMA operations. This input may be driven from DCto 10 MHz. The
internal clock used for DMAC is either the BCLK or BUSCLK.
depending on the setting of DMA CLOCK SELECT bit in the

141-134

XD<0:7>

Data bits G through 7 are 3-state bi-dircctional Data Bus lines and are
connected to the system data bus, the XD bus in a PC/AT design.

The outputs are enabled in the program cendition dadng the /O
READ to cutput the contents of the DMA controller registers, the three
Interrupt Controller registers, the Timer/Counters registers, the Real
Time Clock's intemal registers, the page registers of the memory
mapper, index register 26H, port B, and programmable chip select
regislers.

During an I/O WRITE cycle, the outputs are disabled and the CPU can
program the DMA Controller registers, the Interrupt Controller
registers, the Timer/Counters registers, the DMA Page register, the
Real Time Clock registers, the intemal RAM, index register 26H, port
B, and programmable chip select registers.

During the interrupt sequence, the interrupt controllers output the
interrupt vector byte on the data bus.

Data bus XD<0:7> also acts as the multiplexed address/data bus for the
Real Time Clock.

133

XA24

Extended page register address is the most significant address bit
coming out of the DMA page register. It is normally not used in an AT
compatible design, however, it is possible to use it as an extra feature

127

IOR-

/o

VO READ is an active low bidirectional signal. In an idle cycl
non-DMA or non-interrupt, it is 2 schmiti-triggered input control signal
used by the CPU 10 read information from the 82C316's internal
registers. In an active DMA cycle, it is an ouiput control signal used
by the DMA Controller to access data from a peripheral during a DMA
write transfer. This signal has a 24mA drive capability.
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Pin # Symbol

Type

Signal Description

126 1IO0W-

o

/O Write is an active low bidirectional signal. In an idle cycle,
non-DMA or non-interrupt, it is a schmitt triggered input control signal
used by the CPU 1o write information to the 82C316’s internal
registers. In an active DMA cycle, it is an cuiput control signal used
by the DMA Controller to write data to a peripheral during a DMA

_ read transfer, This signal has a 24mA drive capability. |

i0 MEMR-

MEMORY READ is an active low three-state 6mp;11 and is used 10
access data from the selected memory location during a DMA read or
memory o memory transfers. This cutput has 2 2dmA drive capability.

MEMORY WRITE is an active low threc-state outbut and is u-scd ©
write data to the selected memory location during DMA write or
memery 10 memory transfers. This cutput has a 24{'nA drive capability.

131 IOCHRDY

IO CHANNEL READY is a bidirectional signal. During input mode,
driving IOCHRDY Tow causes the internal DMA ready signal to go
low asynchronously, When IOCHRDY goes high, one DMA Clock
cycle will elapse before internal DMA Ready goes high. This signal is
used to extend memory read and write pulses for the DMA controllers
to accommodate slow memories or /O devices. During output mode,
this pin is an open drain output and provides an active low output
whenever any 82C3 16 tegister is addressed for a read or write.
IOCHRDY provides a means of introducing 2 programmed number of
wait-states for /O readfwrite cycles to the 82C316.. As an output
IOCHRDY has a 8mA drive capability.

Sz

72 HLDA1

HOLD ACKNOWLEDGE 1 is an active high input signal from the
82C311 and indicates the CPU has relinquished control of the system
busses in response 10 RQL.

- @t

32 RESET3

RESET3 is an active high input from the §2C311, RESET3 is OR’ed
with 80387 Synchronous RESET to generaie RES387 for the 80387
RESET in revision ( of 82C316.

i

125 RESET4

RESET4 is zn active high input from 82C311 which effect the
following registers: DMA Controllers - Clear the command, Status,
DMA Reguest, Temporary register, First/Last flip-[lop; sets the mask
register, Following reset, the DMA controller is in an jdle state,
INTERRUPT Controler: Clears the edge sense circuit, the interrupt
mask register, alt ITCW4 funciions, IRQO is assigned highest priority,
slave address is set 10 7, special mask mose is disabled, and stats read

issettoIRR.

2421  DREQ<0:3>

- DMA REQUEST are individual asynchronous channel request inputs

used by peripheral circuits to obtain DMA service. DREQO through
DREQ3 support 8-bil transfers between 8 bit /O and 8 or 16 bit system
memory. In fixed priority, DREQO has the highest priority and
DREQT7 has the lowest prioriiy. A request is generated by activating
the DREQ line of a channel. DACK will acknowledge the recognition
of DREQ signal. Polarity of DREQ is programmablic. Unused DREQ
inputs should be pulled high or Jow and the corresponding mask bit set.
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Pin # Symbol Type Signal Description

1113 DREQ<S:7> I DMA REQUEST are individual asynchronous channel reguest inputs
used by peripheral circuits to obtain DMA service. DREQS through
DREQ7 support 16-bit peripheral and 16-bit system memory. In fixed .
p!‘!!.‘ﬂ!}’. DREQ has the highest nr!grl_;v and DREQT hax the lowest
prioriry. A request is generated by activating the DREQ line of 2
channel. DACK will acknowledge the recognition of DREQ signal.
Polarity of DREQ is programmable. Unused DREQ inpurs should be
pulled high or low and the corresponding mask bit set. DREQ<4:7>
hne:s have intemal 10K pul[ups

1416  DACK<S57>- O MA ACIC[\IOWLEDGE is an active low output signal and is used 1o
notify the individual peripherals when one has been granted 2 DMA
cycle. The active polarity of these lines is programmable, This signal
has a 4mA drive capablllly

5 HRQ o HOLD REQUEST is an active hxgh oulpur. and is used w mqucsr.
control of the system bus. HRQ is normally connected directly o
§2C311's HRQ1 pin. However, HRQ may be tied 10 HLDA, This will
reselt in one SO state before the transfer. This signal has 2 4mA drive
capabllny

7 AEN16- O ADDRESS ENABLE FOR 16-BIT DMA TRANSFERS is an active
tow signal and is the cutput enable for the 8-bit Jatch containing the
upper 8 address bits (A9-A16). It is inactive when cxtemal bus master
oonn-ols the system bus. This signal hasa 4mA drivc cnpabilizy.

3

147 Q1 I ]NTERRUFI‘ REQUEST 1 is an asynchreneus input. An interuupt
request is executed by raising an IRQ1 from low to high and holding it
high until it is acknowledged (edge wiggered mode) or just & high level
on an IRQ input (level triggered mode). This signal has a 10K intetnal
pullups.

148152 IRQ<3:7> 1 INTERRUPT REQUESTS 3 t.hrough 7 are asynchronous inputs. An
interrupt requestis executed by raising an TRQ input from low to higl
and holding it high until it is acknowledged (edge tiggered mode) or
JLIST. ahigh level on an IRQ input (level triggered mode).

3 QS ,ﬁﬁ_‘g I nccﬁ 1 ATED TN'DT YT ic & eehmitt tricorad insut need ag 2 Hme base T

AT vrdhalod s LWl Akl W/ A RS & UNRELLLLLL RIS SR ML WS L e S TS
for the time functions. Bxtemal square waves of 32.768KHz may be
connecied to this input. 'When the external RTC is enabled through
index register 26H, this pin is connecetd 10 IRQ8 instead of OSC.

153-158,  IRQ<:15> 1  INTERRUPTREQUESTS § through 15 are asynchronous inputs and
= are executed by raising an TRQ jnput low to high and holding it high
wntil it is acknowledged {(edge triggered mode) or just a high level on
an IRQ input (level triggered mode). These signals have intemal 10K
pullups.

30 INTA- 1 INTERRUPT ACKNOWLEDGE from 82C311 is an active low sigaal
and is used to enable the interrupt controllers interupt vector data ¢nto
the data bus by a sequence of interrupt acknowledge pulses issued by

the CPU

4 INTR v ]NTERRUP’I‘ goes high whenever a valid interrupt request s asserted

and is connected to the 80386 1o interrupt the CPU. This signai hasa
4mA, drive capability.

129 INTCLR O INTERRUPT CLEAR is an active high output signal and s used to
clear IRQ13 on the §2C315. INTCLR is generated during RESET, Qut
command to port F1H, or Out command 1o port FO, This signal hag 2
4mA drive capability.

132 READY- VO  READYis the system ready signal o the CPU. Tuis an active low

Y
1
|
|
|

input after the requested local memory or AT cycle is completed. Tt is |

an output duting the 387]ooproccssor cycle and READY time cul. "
|

e ata [PV 15 | oA

This slgnzu has & 4mA drive u:pauuuy &5 4n Open ara oliput.
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Pin #

Symbeol

Type

Signal Description

116

OUT1

0

OQUTPUT 1 is the output of TIMER 1 and is programmed as a rate
generation to produce al5uS period signal used for interrupt request
for refresh cycles. This stgnal has 2 4mA drive capablllly

143

PSRSTE-

_back-up mrcuu L

PSRSTB- is an active low input and is used 1o establish the condition
of the control registers when power is applied to the device, Ina
PC/AT compatible de51gx1, ths pin should be tied to the battery

t

144

PWRGD

POWER GOOD must be h1gh for all bus cycles m which the CPU
accesses the 82C316, When PWRGD is low, all address, data, data
strobe and R/W pins are dlsoonnectcd from T.he processor

33

- READYO-

NUMERICAL PROCESSOR READY OUTPUT is an active low
input and is connected directly to the READYO- pin of the 80387
COPROCESSOR. This pin is active only during bus cycles that select

the numerical processor. It has a 10K internal pallup.

31

RES387

RESET OUTPUT s an active high outpiit and is used 1o reset the

80387 Numerical Processor. This signal has a 4mA drive capability.

25

I02XCS-

TI0X2CS- CHIP SELECT is a active Iow output sxgnal and1s aI/O
decode of addresses 0221 OR 023H. [02XCS- in conjunction with
X A0 s used to access the 10 intemal registers at 022H or 023H in the

82C311 and 82C315. This signal has a 4mA drive capability.

8042CS-

8042 CHIP SELECT i5 a active low sig;lal and is a [/O decode of
addresses 060H or 064H. This signal has 2 4mA drive capability.

27

XDIR

X BUS DIRECTION controls within the 82C315 the direction of data
transfer between the peripheral bus and the IO channel. When low
XDIR should drive the SD bus signals toward the XD bus. When high
XDIR should drive the XD bus signals toward the SD bus, This signal
has & 4mA drive capability.

76

MASTER-

BUS MASTER IS active low input signal from AT expansion bus
from AT expansion bus from AT expansion bus and is generated by a
device active on the AT expansion Bus. Tt is pulled high with 10K
Ohm resistor.

115

MEMORY ADDRESS LATCH ENABLE clocks local addresses into
the address registers on the nsmg (trailing) edge. :

75

REFRESH is an active low input from 82C311 oran IJO device on the
AT bus which incruments the address counter and controls the address
buffer direction. When active, the contents of the refresh address
couniter is gated 10 the SA address bus. On the rising edge of REF-, the
internal refresh counter is incremented.

73

ATEN-

AT BUS ENABLE is an active low input signal from 82C311 and is
active when the CPU makes an AT Bus access.

40, 44

XA<D:1>

- 10

'EXPANSION ADDRESS bits 0'and 1 are bidifectional signals. These
_ signals have 2 4mA drive capability.

A<2:23>

10

LOCAL ADDRESS bus bits through 23 are bidirectional signals,
inputs during the CPU AT cycle and output during DMA/master

cycles. These slgnals have a 4mA drive capability.

SA<D:1%>

o

- 10 CHANNEL ADDRESS bus bits 0 Lhmugh 19 are bldm:cuma.l

signals. These signals have a 24mA drive capability.
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Pin # Symbol Type Signal Description

105107, 1A<1723> O LOCAL ADDRESS bus bits 17 through 23 are bidircctional signals
and are connected to the AT IO channel. As outputs, they generate
memory decodes for memory cycles. They also may be driven by the .
microprocessor or DMA controller that resides on the [/O channel.
These signals have 2 24mA drive capability.

117 NMI O NON-MASKABLE INTERRUPT is an active high output and is
cormected to the NMI of the CPU. This input signal has a 4mA drive
capability.

34 LPAR- I LATCHED PARITY ERROR is 2n active low inpat and indicates &
parity error duzing a DRAM read. When active it will canse an NMI to
be generated.

36 IOCHCE- 1 140 CHANNEL CHECK is an active low input and is used 1o signal an
error condition form an /O device. When active and enabled, it causcs
an NMI to be generated.

124 PGMCS1- O PROGRAMMABLEI/O PORT 1 CHIP SELECT is an active low
output and becomes active when the programmed address or address
range is aceessed during an /O READ or WRITE cycle. The 16 bit
address is programmed at locations 71H and 72H. It2 range and
command enable is programmed at location 73H. This signal has 2
4mA drive capability.

123 PGMCS2- O PROGRAMMABLE YO PORT 2 CHIP SELECT is 2 active low
cutput and becomes active when the programmed address or address
range is accessed during an IfO READ or WRITE cycle. The 16 bit
address is programmed at locations 74H and 75H. It's range and
command enable is programmed at location 76H. This signal has x
4mA drive capability.

output and becomes active when the programmed address or address
range is accessed during an I[fO READ or WRITE cycle. The 16 bit
address is programmed at locations 77H and 78H. It's range 2nd
command enable is programmed at location 79H. This signal hes &
4mA drive capability.

122 PGMCS3- O PROGRAMMABLE IfO PORT 3 CHIP SELECT is  sctive low .

120 SPKR O SPEAKER gates the speaker data and Timer Out 2 to drive the internal
speaker. This signal has a 4mA drive capability.

119 RTCDS O . RTC DATA STROBE s an active high output and is used to control
the bi-directional bus on an external MC146818 REAL-TIME CLOCK
plus RAM peripheral device. During 2 READ cycle, a high RTCRW
signal, the RTCDS output drives the bus with the read data. On the
other hand, during a WRITE cycle, a low RTCRW signal, the
RTCDS’s trailing edge causcs the MC146818 1o latch the written data.
This signal has a 4mA drive capability.

118 RTCRW O RTCR/W CONTROL OUTPUT is an output and is used to indicate a
READ or WRITE meode for an external MC146818 REAL-TIME
CLOCK plus RAM peripheral device. A high level on RTCRW
indicates to the MC146818 that the current ¢ycle is a READ cycle. A
low level on RTCRW indicates to the MC146818 that the current cycle
is a WRITE cycle. This signal has a 4mA drive capability.

37 RTCAS O REAL TIME CLOCK ADDRESS STROBE is an active high output
and is used to demuliiplex the bug on ap external MC145818
REAL-TIME CLOCK plus RAM peripheral device. The falling edge
of RTCAS causes the address o be latched within the MC146818.
This signal has 2 4mA drive capability.

35 PCUNMIN I  POWERCONTROL UNIT NONMASK INTERRUPT INPUT isa
programmable input from the Power Control Unit. It is an active low
input signal by default and can be programmed by bit 3 of index
register 26H. PCUNMIIN should be tied to Vec for the 82C316 to
operate cotrectly.
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Pin # Symbol Type Signal Description
142 TEST I TESTis an active high input. 1t initislizes various intemal registers so
that the test program starts in a known state, It should be tied low for
nmrnal operﬂt.lon -
42 EADS- o external address strobe Indicates a valid external aédress on the bus.
This address will be nsed to pclfo:m an intemmal cache invalidation
cycle. B
33' g};' ;3' vce " Volage Supply, +5+ 5%, Stand-by voltage supply. +3.0V.
10, 121,
146, 159 e —
2,28 41, Vss’ I
43,51 8D, GROUND.
71,74, 82,
87,93,98,
104,108,
iur, 120,

82C316 Maximum Ratings and
Operating Conditions

82C316 Absolute Maximum Ratings Symbel Min. Max. Units

Supply Voltage ‘ o YCC 7.0 _ Vu_

Input Voltage _ LV1 B __-.? . 55 ) v

Output Voltage L v‘i _ __"_5__ : 75757 v

Operating Temperature = Top ) -2§ . 85 i C .

Storate Temperature ) ) _ T:51§ -40 o 12? o (i- .
Alntn Cehnomra fo

LRI

Py NN I s HY o F Ao
LaeApOULG W G.UDUlUW Lllﬂ)\llllulli Laqu,a \a\)\lmlkullb XUL G“LL‘JII\.\.W Pcl IU\ID llld}‘

affect device reliability. Exceeding the absolute maximum ratings can cause

permanent damage to the device.

82C316 Absolute Maximum Ratings Symbol Min. Max. Units
Supply Voltage ~ Vee ‘4.75 ! 525 v :
Input Voltage TAA _ . - 70 C

CHIPS and Technelogies, inc.
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DC Characteristics

DC Parameter Min. Max Unlts

vil (all pins cxcept SCLK and PCLK) 0.8 v

Vih (all pins except SCLK and PCLK) 2.0 v

Vi (SCLKand PCLK) ] D3 o8 v

Vib (SCLK and PCLK) o T Vec 03 Veot03 v

Vol ’ ) 0.45 v

Voh (aJl pins except IOGCHRDY and l{.EADY} 24 'S

L (except IR15, IR 14-9, IR7-3, IR1, DREQ 5-7, DREQ0-3, IERERT HA
READY0, JOCHCK)

mH (except PWRGD) - 310 - pA

oL  (RI59,R73,IRI, DREQ 5-7, DREQ 0-3, READYOB, e mA
IOCHCKB)

H PWRGD 200 pA
3-state output OFF curent LOW +10 A
3-state output OFF current HIGH +10 HA

IoL (all pins except SA0-19, LAi:I-23.IOR,IOW. READY, 4 mA
IOCHRDY, TC, MEMR, MEMW, AEN)

0L (SAD-19,LAI7-23, IOR, IOW, TC, MEMR, MEMW, 24 o mA
AEN)

oL (READY, IOCHRDY) 8 mA

IOL (all pins exceps SAD-9, LA17-23, IOR, IOW, READY, 4 mA
IOCHRDY, TC, MEMR, MEMW, AEN)

10H (SAD-19, LA17-23, IOR, IOW, TC, MEMR, MEMW, 3.3 mA
AEN)

10H (READY., I0CHRDY) - 8 mA

1CC Dynamic ) S mA

1cC Static (OSC = 32.768KHz, Voc =5V) 10 HA
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AC Characteristics

All timing parameters are specified under capacitive load of 50 pfand
temperature of 70 decree C. All the units discussed in the following timing
tables are in nanoseconds, uniess otherwise specified. Also, the AC
specifications mentioned in this document are subject to change.

-
Table 4-146. CPU AT Cycle

CPU AT Cycle Min. Max
1601 A<23:0> setup 1o MALE- high 15
602~ A<23.0>hold o MALE-high 10

1603 §A<19:0> valid from ATEN- low 0 50

604 L A<23:17> valid from ATEN- low 0 26

605  §A<19:05 float from ATEN- high 0 25

606  [A<23:17> float from ATEN- high o - 30

607 102X CS-active from MALE-high HY 46

. 1608 8042CS- active from MALE- high 0 60

1609 PGMCS<3:1>- active from command active 30

610 1O2XCS- inactive from MALE- high -0 32

1611 g042CS- inactive from command intactive 0 32

1612 PGMCS<3:1> inactive from JOW- high T 27

|
Table 4-147. Master Cycle

Master Cycle Min. Max

1615 A<23:2> valid from LA & SA ' T 6 35

1616 ¥A<1:0> valid from SA 5 30

617 JO2XCS- active from SA valid 10 60

618 §042CS- active from SA valid 16 &5

1621 XA<1:0> invalid from MASTER 6 19
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Table 4-148. DMA Cycle

DMA Cycle Min. Max

1625  BUSCLK period (1X) 125

16254 BUSCLK pericd (2X) 62

1626 BUSCLK high ime (IX) ' 55
1626A BUSCLK Iugh umc(zX) 27

627 BUS!..J..K jow dme UA) a 43 7
1627A BUSCLK low time (2X) 2

1628 DREQn setpto BUSCLK low 0

1629  HRQ delay from BUSCLK tow 70

1630 HLﬂé:;iup o BUSCLK h.\gh 40

t631  AENS/16-valid from BUSCLK low 95
1632 AENS/16- invalid from BUSCLK 73
1633 !;éb? ;;:r.we from HLDA.I aclive 5 38
1651 AEN inactive from HLDAI low 5 50
1634 Address valid from BUSCLK high 100
1635 Address hold from BUSCLK hlgh 50
1636 DACKa valid from BUSCLK Jow 100
1637 Command enable dly from BUSCLK high T30
1638 Command actve dly from n BUSCLX hish 100
1639 Write cmnd inacive diy from BUSCLK high 70
1640 Address hold from Write hlgh 70

1641 Address hold from MEMR !ugh - 50

1642 Comumand flcat dly from BUSCI..K high 75
1643 YOR- inactive dly feom BUSCLK high 115
644 ¢ de!ay from BUSCLK . 50
1649 JOCHRDY sewpto BUSCI;K Iow 25

1650  [OCHRDY hold from BUSCLK Jow 15

I
Table 4-149. Internal Register Access
Internal Register Access Min. Max

1655  Command active period 150

1656 XD<T:02 active from TOR- low 0 35
657 XD<7:0> valid from IOR- low 140
1658 XD<7:0 hold from IOR- h:gh 8

1659  XD<7:0> sotupto TOW- inactive 130

1660 XD<7:0> hold from IOW- high 20

1663  JOCHRDY active delay from cmnd 6 30
1664  JOCHRDY inactive dly from BUSCLK hxgh ] 25
1665 20

NMI valid delay from Tow- h.lgh
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Table 4-150. Internal Register Access
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|
Table 4-151. INTA Sequence

Internal Register Access Min. Max
1666 BTCAS sctive dly from JOW- low 5 40
1667  RTCAS inactive dly from IOW- high 3 40
1568 Cycle time o _ ..960 ) DC N
1672 RTCDS active dly from IOR-low ) o5 =
1673 . RTCDS inactive dly from JOR- high _ 5 »
INTA Sequence Min. Max
1682 TRQn palse width (low}’ ' 309_“;
1683 TR(Qm pulse width (high) 200
1684 INT active delay from IRQn high : 300
685 . XD<7:0> valid fm];[:ITA- active ) B L 120 )
1686 XD<7:0> hold from mfl_‘_!_&j__inacﬁye 8 ]
Table 4-152. Miscellaneous Signals B}
Miscellaneous Signals Min. Max
1690 ° TMRCLK pericd 125 .. DC
%91 TMRCLK high time . 50
%92 TMRCLElowime %
1693 SPKR delay from TMRCLKlow B )
694 OUTI delay from TMRCLK low ) _ 40
695 OSC1 period . ) 00 .. .
96 OSC1 high time ) 200- -
97 OSC1 low time - . 200 .
1698 PSRST- inactive dly from Veo 5115_ -
699 PSRST-lowpulsewidth Sus
16100 VRT bit valid delay(intml) . 2us
16105 XDIR high from INTA- active - - 3 30
6106 XDIR high from TOR- active 3 3
16107 ¥DIR low from INTA- inactive B _7 B 3 25.
16108 XDIR Jow from FOR - inactive ) 3 25
®10 54 valid from REF- active s
6111 $A hold from REF- im_!.ct.i_ve 0 25
1612 _ AEN active from REF- acr.ive 40
t6113  AEN inactive from REF- inactive o
16115 READYO- setup to SCLK- high 12
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4-86

Table 4-152. Miscellaneous Signals (continued)

Misceliangous Signals Min. Max
6116 READYO-hold to SCLK- high 8
16117  READY- active dly from SCLK- high 0 15
16118 READY- inactive dly from SCLK high 0 135
16121 LPAR- pulse width o 15
16122 JQCHCK- pulse width 15
6123 PCUNMIIN pulse width 15
16130 INTCLR active dly from IOW-low 35
15131 FiESSS’I active dly f;'om SCU%— high ) P
16132 RES387 pulse width S &41{_
16133 RES387 inactive di'y from SCLK- low 8
613 JOCHRDY pulse widith | &
16135 INTCLR inactive dly from IOW- high 40
16136 RES387 active dly from RESET3 high 18
$6137  RES3ET inactive dly from RESETS low 20
16138 INTCLR active dly from RESET3 high 18
16139 - RESE 18

INTCLR inactive dly from RESET3 low

PRELIMINARY
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i Timing Diagrams =~

I .
Figure 4-13.  82C316 Address Buffers Timing for CPU AT Cycle
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I
Figure 4-14.  82C316 Master Cycle
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I
Figure 4-15.  82C316 DMA Cycle
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Figure 4-16.  82C316 Internal Register Access
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T
Figure 4-17.  82C316 INTA Sequence

485
690
1692

1691

1683
82C316 INTA Sequence
K—— 1593 W
§ ]

_f

1682

TMRCLK
SPKR
ouT1

IHQQ
INT
INTA
XD<7:0>

CHIPS and Tachnologles, Inc. PRELIMINARY 4-91



M 82C316 Peripheral Controller

82C316 External RTC Timing

Figure 4-18.
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Figure4-19.  82C316 PGMCS <3:1>, VRT Timing
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Figure 4-20.  82C316 Miscellaneous Signals
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82C316 80387 RESET Timing

Figure 4-21.
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Figure 4-22.  82C316 Pin Diagram
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Figure 4-23. Mechanical Dimensions

M 82C316 Peripheral Controller

DIMENSIONS: mm (in)
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