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® R380EX
High-Integration Intel386 System Controller
Complete PC-compatible system controller with support for EDO
DRAM, ISAbus and power management

System Overview
The RadiSys R380EX Embedded System Controller is a
member of the RadiSys family of embedded core logic
specifically designed to support the Intel386* EX
processor. Providing the necessary circuitry for a PC-
compatible embedded system design, it supplies a
simple, low-cost, “glueless” interface to additional chips
like a video controller or a PCMCIA controller.

The functional design of the R380EX is directly derived
from PC architecture.  The R380EX includes a DRAM
controller, keyboard/mouse controller, real time clock,
enhanced IDE interface, and ISAbus controller. The
DRAM controller is compatible with both fast-page-
mode (FPM) and extended-data-out (EDO) DRAM.  It
can be configured to support both DRAM SIMMs and
flash SIMMs for greater system flexibility.  The
enhanced IDE interface supports a maximum transfer
rate of 8.33MB per second.  The ISAbus controller has
a separate data bus, and manages the ISA signals to
ensure a “quiet” bus for cycles not directed to the ISA
address space.

The power management capabilities of the R380EX
include clock source switching, halt detection, SMI
event generation, and a programmable clock restart

delay to ensure clock frequency settling when restarting
the oscillator from a powerdown state. The clock source
for the Intel386EX processor can be switched between
the R380EX CLK2OSC input and the 32.768KHz real
time clock oscillator, thereby reducing the system
power consumption.

The R380EX has 4 user-programmable I/O chip selects
in addition to the Intel386EX processor’s chip selects.
There are 16 bits of individually programmable digital
I/O along with 6 bits of digital output.  Additional
functional blocks handle the Intel386EX processor halt
and shutdown cycles, and control the speaker and
external LEDs.  The main and alternate functions of
many of the pins are controlled through registers within
the R380EX.

Feature Summary
• Supports Intel386* EX CPU
• True single-chip ISA implementation
• DRAM controller, 512KB to 64MB
• Flash SIMM controller
• Integrated real-time clock
• Enhanced IDE interface
• Keyboard and mouse controller
• Power management
• Supports Intel386EX chip DMA
• 4 programmable I/O chip selects
• 16-bit digital I/O port plus 6-bit output port
• Supports local bus implementation
• ROM or flash ROM interface
• Speaker interface
• Test mode
• 5V or 3.3V operation
• SMI support
• BIOS shadowing
• 208-pin PQFP
• Reference design available
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The RadiSys® R380EX™ is a companion chip for the
Intel386 EX that performs many of the accompanying
functions necessary in a PC-compatible embedded
system design.  The major objectives of the R380EX
are low system cost, flexibility, and ease of use in
system designs.  The R380EX doesn’t attempt to
incorporate every feature needed in every design.
Instead, it incorporates the features needed in most
designs, and then provides a simple, low-cost,
“glueless” interface to other chips for additional needed
functions.  Examples include a video controller or a
PCMCIA controller.

5(&200(1'('�$'',7,21$/�'2&80(17$7,21
The following reference is a prerequisite for this
specification:

• Intel386 EX Embedded Microprocessor User’s
Manual; order number 272485-001

An important feature of the R380EX is support for the
IBM PC/AT architecture and for the ISA bus. The
primary defining reference for the architecture and the
bus is the following:

• IBM Technical Reference, Personal Computer AT

The following is an even better reference:

• Edward Solari, ISA & EISA Theory & Operation,
ISBN 0-929392-15-9

1RWH��3OHDVH�VHH�(UUDWD���7KLV�GRFXPHQW��LQ
FRQMXQFWLRQ�ZLWK�WKH�HUUDWD��DFFXUDWHO\�GHVFULEHV�WKH
5HY�����SURGXFWLRQ�VLOLFRQ�

,17(/����(;�352&(6625�6833257
The R380EX connects directly to the Intel386 EX CPU
local bus and supports 3.3V and 5V Intel386 EX
processors.  It supports the C-step Intel386 EX device
up through 33 MHz, and also the 5V B-step device up
through 25 MHz.

'5$0�)/$6+�0(025<�&21752//(5
The memory controller has two operating modes
enabling maximum DRAM configurations of 16MB per
bank or 64MB per bank.  Both modes support two
banks of DRAM or flash SIMMs.  Each bank can
support up to a 32 bit wide Fast Page Mode (FPM)
DRAM, Extended Data Out (EDO) DRAM, or a flash
SIMM.  Each bank can be any size from 512KB to
16MB (or up to 64MB).

The timing parameters for DRAM accesses are
configured through the R380EX DRAM control
registers.

520�)/$6+�520�,17(5)$&(
The ROM/flash ROM interface supports a variety of x8
and x16 ROM/flash devices.  Most PC compatible
implementations shadow an 8-bit BIOS into DRAM.

The R380EX is specifically designed to support the
Intel 28F00xBV-T or similar flash devices.  The upper
128KB is normally used for the BIOS and includes a
16KB boot block.  The lower 384KB can contain user
code.  If user code is not needed, then a smaller device
could be used (e.g., 28F001BV-T).  The BIOS typically
consists of a 16KB boot block, and a 112KB System
BIOS.  Once shadowed, the BIOS running in DRAM
can occupy upto 256KB just below 1MB of memory.

,6$�%86�,17(5)$&(
The ISA bus controller manages a separate ISA data bus
and the ISA control signals.  The controller supports 8-
and 16-bit transfers, including translation for 16-bit
requests from the CPU to 8-bit ISA devices, and 8-bit
requests to 16-bit devices.

The R380EX implements the “quiet ISA bus” feature.
When the R380EX sees an access that is not destined
for the ISA bus (i.e., a local bus cycle, a non-DMA
DRAM cycle, or a cycle internal to the R380EX), it
does not drive the ISA bus data or control signals.  In
addition, ISA bus refresh cycles may be disabled.  This
reduces overall system power consumption.

The controller also produces the ISA bus clock
(SYSCLK) which can be the 2X CPU clock divided by
4, 6, or 8.

32:(5�0$1$*(0(17
The R380EX contains support for System Management
Mode (SMM) and for power management of the system
environment. The R380EX allows the system designer
several different power conservation strategies:

A Halt instruction  can be issued from an application to
place the system into a very low power mode that
supports self-refresh DRAMs.  While in this mode, the
system’s high speed clock can be shutdown, further
reducing power.  System power consumption can
typically be kept to less than 10mA, while still retaining
the state of the system.  All of this can be done without
having to place the Intel386 EX into Powerdown Mode.
This allows local-bus peripherals to keep track of the
bus phase through halt-resume cycles.

I. Technical Overview
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An application can write to the R380EX CPU clock
divider control register in to reduce the Intel386 EX
processors’s clock speed.

An SMI (System Management Interrupt) can be
generated in response to an external event or an interval
timer expiring in the R380EX. SMI accesses to 20000
to 3FFFF can be automatically remapped to A0000 to
BFFFF.  The SMI idle latch and timer can be set up to
provide a time-out from 1 millisecond to 256 seconds.

The digital I/O or digital outputs may be used in
conjunction with external PFETs to selectively power-
down peripherals.

.(<%2$5'�0286(�&21752//(5
The R380EX contains a PC/AT compatible keyboard
controller with PS/2 compatible mouse controller
extensions.  Response to keyboard commands is
immediate because the keyboard controller function is
implemented as a hard-wired state machine. Two input
port pins associated with the keyboard controller are
made available on the R380EX pins.  If desired, an
external keyboard controller can be supported by the
R380EX.

5($/�7,0(�&/2&.
The R380EX integrates a real-time clock providing the
functions of the PC date/time clock including: an alarm,
programmable periodic interrupt, 114 bytes of battery
backed CMOS RAM, PC I/O registers 070h and 071h,
and the crystal and battery inputs. If desired, an external
RTC can be supported by the R380EX.

(1+$1&('�,'(�,17(5)$&(
The R380EX supports the ATA-2 specified
programmed I/O mode 3 and 4 for IDE drives at a
maximum transfer rate of 6MB/second. The R380EX
powers up with mode 0 timing to support both older
IDE drives that are incapable of interfacing at higher
speeds and to support the power-on mode of the newer
EIDE drives.

'0$�&<&/(
The R380EX coordinates the ISA bus and the DRAM
controllers state machines enabling the use of the
Intel386 EX 's internal DMA channels with external
DMA-controlled devices. The R380EX provides the
proper control signals for mating the memory access
with the ISA I/O access.

352*5$00$%/(�&+,3�6(/(&76
The R380EX contains four user-programmable I/O chip
selects in addition to those provided by the Intel386 EX
embedded processor.  The chip selects can be
programmed and used individually or they can be

“daisy-chained” together to form one extended chip
select output that can decode up to four regions.

���%,7�',*,7$/�,�2�3257
The R380EX has a 16-bit digital I/O port, and a 6-bit
digital output port.  Four registers are associated with
the DIO port: the DIO Data Input Register, the DIO
Data Output Register, the DIO Direction Control
Register, and the DIO Mux Register.  The DIO
Direction and Mux registers can be initialized at power-
up by configuration resistors.

3&�(1*,1(�/2*,&
The R380EX performs support functions for the
Intel386 EX chip and the PC hardware architecture.
The R380EX has two types of internal configuration
registers: PC compatible registers, and R380EX specific
registers. The PC compatible registers are defined by
the PC architecture and are addressable at their standard
I/O addresses.

The R380EX generates clock signals for the Intel386
EX embedded processor.  The R380EX also handles the
variety of reset signals and states expected in a PC
compatible system, including a cold reset (PWRGOOD)
input, and a watchdog time-out (WDTIN) input. It also
contains the PC-compatible Port B Register (061h).

3&�&203$7,%/(�5���(;�5()(5(1&(�'(6,*1
RadiSys has worked with several vendors in developing
a PC-compatible EXPLR2 reference design.  RadiSys
highly recommends use of this reference design as the
starting point for any system using the R380EX.  By
starting with this proven reference design your path to
success is shortened, and your BIOS options are
increased.  Several BIOS vendors have developed
R380EX BIOS adaptation kits based upon this
reference design.  The EXPLR2 reference design is
available on the RadiSys home page at
http://www.radisys.com.

7KH�5DGL6\V�$GYDQWDJH
At RadiSys our core competency is the creation of
embedded PC-compatible computers. We developed the
R380EX to address the challenges that we experience in
creating these designs.  RadiSys is sensitive to the issues
of long-term support for embedded system applications
and we are commited to long-term support of the
R380EX.

Unlike designing with short-lived parts from the
commodity PC chipset market, this commitment makes
the RadiSys R380EX a safe design choice.
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II. Signal Definitions

7DEOH�������6LJQDO�7\SH�$EEUHYLDWLRQV

$EEUHYLDWLRQ 'HVFULSWLRQ

WUDLOLQJ�� 7KH�QDPHG�VLJQDO�LV�DFWLYH�ORZ�
FPRV�LQ &026�OHYHO�LQSXW�
WWO�LQ 7KH�LQSXW�WKUHVKROG�IRU�WKHVH�SLQV�LV�VZLWFKDEOH��DV�D�VLQJOH�JURXS��EHWZHHQ�77/�DQG

&026�WKUHVKROGV��E\�D�SRZHU�XS�FRQILJXUDWLRQ�UHVLVWRU�
RXW &026�OHYHO�RXWSXW��0RVW�RXWSXWV�FDQ�GULYH�D�'&�ORDG�RI���P$��7KH�RQHV�WKDW�FDQ·W

DUH�ODEHOHG��P$���$OO�RXWSXWV��H[FHSW�IRU�1$1'B287��DUH�DFWXDOO\�LPSOHPHQWHG�DV
EL�GLUHFWLRQDO�SLQV�IRU�WHVW�SXUSRVHV�

WULVWDWH�RXW &026�OHYHO�RXWSXW�WKDW�FDQ�EHFRPH�WULVWDWHG�XQGHU�FHUWDLQ�FRQGLWLRQV�
FPRV�LR FRPELQHG�

�����FPRV�LQ
�����RXW

WWO�LR FRPELQHG�
�����WWO�LQ
�����RXW

�P$ 2XWSXW�EXIIHU�KDV�RQO\��P$�GULYH�VWUHQJWK��0RVW�RXWSXW�EXIIHUV�FDQ�GULYH��P$�
FVU 7KH�RXWSXW�EXIIHU�KDV�D�FRQWUROOHG�VOHZ�UDWH��7KLV�UHGXFHV�JURXQG�ERXQFH�DW�WKH

H[SHQVH�RI�DQ�LQFUHDVH�LQ�SURSDJDWLRQ�GHOD\�
RSHQ�GUDLQ 2SHQ�GUDLQ�RXWSXW�EXIIHU��$FWLYHO\�GULYHV�ORZ��UHTXLUHV�DQ�H[WHUQDO�SXOO�XS�UHVLVWRU�
EXV�NHHSHU 7KH�SLQ�KDV�D�EXV�NHHSHU�FLUFXLW�WKDW�PDLQWDLQV�WKH�SUHYLRXV�SLQ�VWDWH��7KLV�XVHV

DFWLYH�&026�EXIIHUV��UDWKHU�WKDQ�UHVLVWRUV��WR�VDYH�SRZHU��7KHVH�EXIIHUV�DUH�YHU\
ZHDN�DQG�FDQ�HDVLO\�EH�RYHUGULYHQ�

SXOO�XS 7KH�LQSXW�KDV�DQ�LQWHUQDO�SXOO�XS�GHYLFH�
VFKPLWW 7KH�LQSXW�KDV�D�6FKPLWW�WULJJHU�
SRZHU 3RZHU�SLQ�

7DEOH�������&ORFN�DQG�5HVHW�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
&/.�26& FPRV�LQ �[�&ORFN�IURP�2VFLOODWRU�

7KH�GRXEOH�IUHTXHQF\�LQSXW�FORFN�IURP�WKH�V\VWHP�RVFLOODWRU��7KLV�LQSXW�PXVW�EH����0+]
IRU�V\VWHPV�WKDW�UXQ����0+]�EXV�F\FOHV��7KH�5���(;�UHEXIIHUV�WKLV�LQSXW�DQG�RXWSXWV�LW
�RU�D�VXE�PXOWLSOH��RQ�&/.�287>���@�
,W�LV�RI�SDUDPRXQW�LPSRUWDQFH�WR�KDYH�D�KLJK�TXDOLW\�VLJQDO�RQ�WKLV�LQSXW��7KH�FORFN�PXVW�EH
IUHH�RI�H[FHVVLYH�RYHUVKRRW�DQG�XQGHUVKRRW�DQG�PXVW�EH�PRQRWRQLF��HVSHFLDOO\�DW�WKH
&026�VZLWFKLQJ�WKUHVKROG�RI�WKH�LQSXW�EXIIHU��QRPLQDOO\�����RI�9&&���6HULHV�WHUPLQDWLRQ
RU�HTXLYDOHQW�GHVLJQ�WHFKQLTXHV�VKRXOG�EH�HPSOR\HG�

&/.�287>���@ RXW
��P$

�[�2XWSXW�&ORFNV�
7ZR�LGHQWLFDO�GRXEOH�IUHTXHQF\�RXWSXWV�ZKLFK�VKRXOG�EH�XVHG�IRU�V\VWHP�FORFN
GLVWULEXWLRQ���7KHVH�WZR�RXWSXWV�KDYH�ORZ�VNHZ�EHWZHHQ�HDFK�RWKHU�ZKHQ�WKH\�DUH
WHUPLQDWHG�WR�HTXLYDOHQW�ORDGV��&RQQHFW�RQH�RI�WKHVH�RXWSXWV�WR�WKH�,QWHO����(;�&/.�
LQSXW�DQG�DOVR�WR�WKH�5���(;�&/.�,1�LQSXW���,Q�QRUPDO�RSHUDWLRQ�WKH�5���(;�JHQHUDWHV
WKHVH�RXWSXWV�IURP�&/.�26&�RU�IURP�D�VXE�PXOWLSOH�WKHUHRI��,Q�VWDQGE\�PRGH�WKH
5���(;�FDQ�RSWLRQDOO\�JHQHUDWH�WKHVH�RXWSXWV�IURP�WKH��������.+]�FORFN�RQ�57&B;��
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7DEOH�������&ORFN�DQG�5HVHW�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
&/.�,1 FPRV�LQ �[�&ORFN�,QSXW�

7KH�GRXEOH�IUHTXHQF\�PDVWHU�FORFN��7KLV�LV�WKH�SULPDU\�FORFN�LQSXW�IRU�WKH�5���(;���7KLV
PXVW�LQSXW�PXVW�EH�FRQQHFWHG�WR�RQH�RI�WKH�&/.�287�RXWSXWV��WR�LQVXUH��SKDVH
V\QFKURQL]DWLRQ�WR�WKH�,QWHO����(;
,W�LV�RI�SDUDPRXQW�LPSRUWDQFH�WR�KDYH�D�KLJK�TXDOLW\�VLJQDO�RQ�WKLV�LQSXW��7KH�FORFN�PXVW�EH
IUHH�RI�H[FHVVLYH�RYHUVKRRW�DQG�XQGHUVKRRW�DQG�PXVW�EH�PRQRWRQLF��HVSHFLDOO\�DERXW�WKH
&026�LQSXW�VZLWFKLQJ�WKUHVKROG��QRPLQDOO\�����RI�9&&���6HULHV�WHUPLQDWLRQ�RU�HTXLYDOHQW
GHVLJQ�WHFKQLTXHV�VKRXOG�EH�HPSOR\HG�

3+$6(� RXW
FVU

,QWHO����(;�3KDVH��
7KLV�RXWSXW�LQGLFDWHV�ZKLFK�FORFN�F\FOH�RI�WKH�GRXEOH�IUHTXHQF\�&/.�287�RXWSXW
FRUUHVSRQGV�WR�SKDVH�3+��RI�WKH�,QWHO����(;�LQWHUQDO�FORFN��,W�WUDQVLWLRQV�D�IHZ
QDQRVHFRQGV�DIWHU�WKH�ULVLQJ�HGJHV�RI�&/.�287>���@��ZKHQ�ERWK�RXWSXWV�DUH�WHUPLQDWHG
WR�HTXLYDOHQW�ORDGV��3+$6(��PD\�EH�XVHG�DV�D�TXDOLILHU�IRU�H[WHUQDO�ORJLF�FORFNHG�E\
&/.�287�

3:5*22' FPRV�LQ
VFKPLWW

3RZHU�*RRG�
7KH�DVVHUWLRQ�RI�WKLV�LQSXW�LQGLFDWHV�WKDW�V\VWHP�SRZHU�LV�VWDEOH�DQG�WKDW�QRUPDO�RSHUDWLRQ
PD\�EHJLQ��:KLOH�3:5*22'�LV�QHJDWHG��5(6(7&38�DQG�5(6(7'59�RXWSXWV�DUH
DVVHUWHG��DQG�WKH�LQWHUQDO�5HDO�7LPH�&ORFN�LV�SODFHG�LQ�VWDQGE\�
7KH�5���(;�LQWHUQDOO\�ODWFKHV�LWV�SRZHU�XS�FRQILJXUDWLRQ�IURP�0$>����@�DV�3:5*22'
EHFRPHV�DVVHUWHG��7KLV�LQSXW�EXIIHU�LV�SRZHUHG�E\�57&B9&&�DQG�LV�DFWLYH�HYHQ�ZKHQ
V\VWHP�SRZHU�LV�RII�

5(6(7&38 RXW 5HVHW�,QWHO����(;�&38�
&RQQHFW�WKLV�RXWSXW�WR�WKH�,QWHO����(;�5(6(7�LQSXW��,W�LV�FDOOHG�5(6(7&38�WR�LQGLFDWH
WKDW�LWV�SULPDU\�SXUSRVH�LV�WR�UHVHW�WKH�&38��EXW�PD\�DOVR�EH�XVHG�WR�UHVHW�RWKHU�ORJLF�
5(6(7&38�LV�DOVR�XVHG�LQWHUQDOO\�E\�WKH�5���(;�WR�LQLWLDOL]H�YDULRXV�UHJLVWHUV�DQG�VWDWH
PDFKLQHV�
7KLV�RXWSXW�LV�DVVHUWHG�DV\QFKURQRXVO\�LQ�UHVSRQVH�WR�3:5*22'��:'7,1��DQ�,QWHO���
(;�VKXWGRZQ�F\FOH��RU�D�3257���UHVHW��LI�HQDEOHG��5(6(7&38�LV�KHOG�DVVHUWHG�IRU���
&/.�,1�F\FOHV�SDVW�WKH�LQLWLDWLQJ�LQSXW��,W�LV�QHJDWHG�V\QFKURQRXVO\�WR�&/.�,1�DQG�LV�XVHG
E\�WKH�5���(;�WR�V\QFKURQL]H�WR�WKH�EXV�SKDVH�RI�WKH�,QWHO����(;���:KLOH�5(6(7&38�LV
DVVHUWHG�WKH�5���(;�VZLWFKHV�WKH�&/.�287�RXWSXW�IUHTXHQF\�WR�RQH��TXDUWHU�WKH
&/.�26&�LQSXW�IUHTXHQF\���7KLV�DOVR�FKDQJHV�WKH�&/.�,1�IUHTXHQF\��EHFDXVH�LW�LV
QRUPDOO\�FRQQHFWHG�H[WHUQDOO\�WR�&/.�287���7KLV�DOORZV�WKH�5���(;�WR�GHDVVHUW�WKH
5(6(7&38�VLJQDO�DIWHU�WKH�IDOOLQJ�HGJH�RI�&/.�,1�DQG�HDVLO\�PHHW�ERWK�WKH�ULVLQJ�HGJH
&/.��VHWXS�DQG�KROG�WLPH�SDUDPHWHUV�UHTXLUHG�E\�WKH�,QWHO����(;�DQG�RWKHU�ORFDO�EXV
ORJLF�
:LWKLQ�VL[WHHQ�EXV�F\FOHV�DIWHU�WKH�GHDVVHUWLRQ�RI�5(6(7&38��WKH�5���(;�DXWRPDWLFDOO\
JOLWFKOHVVO\�VZLWFKHV�WKH�&/.�287�IUHTXHQF\�EDFN�WR�WKH�XQGLYLGHG�&/.�26&�LQSXW
IUHTXHQF\�
7KH�5���(;�LQWHUQDOO\�ODWFKHV�LWV�SRZHU�XS�FRQILJXUDWLRQ�RQO\�ZKHQ�3:5*22'�EHFRPHV
DVVHUWHG��1RQH�RI�WKH�RWKHU�VRXUFHV�RI�UHVHW�FKDQJH�WKLV�FRQILJXUDWLRQ��QRU�GR�WKH\
FKDQJH�ZKHWKHU�WKH�',2�SLQV��RU�'2�SLQV��DUH�,�2�RU�WKH�DOWHUQDWH�IXQFWLRQV�
7KH�,6$�%XV�LQWHUIDFH�VLJQDO�5(6(7'59�LV�DQ�RXWSXW�WKDW�KDV�VLPLODU�WLPLQJ�EXW�KDV
VOLJKWO\�GLIIHUHQW�IXQFWLRQDOLW\��7KH�GLIIHUHQFHV�DUH�WKDW�5(6(7'59�ZLOO�QRW�EH�DVVHUWHG�DV
D�UHVXOW�RI�D�3257���UHVHW��DQG�WKDW�5(6(7'59�LV�QHJDWHG�V\QFKURQRXVO\�WR�%&/.�
1RWH��7KLV�RXWSXW�LVQ·W�WKH�VDPH�DV�WKH�&38�5HVHW�IXQFWLRQ�WKDW�LV�FRQWUROOHG�E\�WKH
,QWHO����(;�3257���5HJLVWHU��7KDW�UHJLVWHU�UHVHWV�RQO\�WKH�&38�FRUH�DQG�LV�KDQGOHG
LQWHUQDOO\�E\�WKH�,QWHO����(;�
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Data Sheet 7

7DEOH�������&ORFN�DQG�5HVHW�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
:'7,1 WWO�LQ :DWFKGRJ�7LPHU�,QSXW�

,I�HQDEOHG��WKLV�LQSXW�FDXVHV�5(6(7&38�DQG�5(6(7'59�WR�EH�DVVHUWHG��7\SLFDOO\��LW
VKRXOG�EH�FRQQHFWHG�WR�WKH�,QWHO����(;�:'7287�RXWSXW��'RLQJ�VR�ZLOO�LQLWLDWH�D�UHVHW�RI
WKH�V\VWHP�LI�WKH�&38�ZDWFKGRJ�WLPHU�H[SLUHV�
$OWHUQDWH�)XQFWLRQ��(;760,������6HH�,'(�DQG�0LVFHOODQHRXV�6LJQDOV

7DEOH�������,QWHO����(;�&38�/RFDO�%XV�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
$>����@ WWO�LQ $GGUHVV�%XV�

&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�DGGUHVV�EXV�RXWSXWV��7KH�DGGUHVV��LQ
FRQMXQFWLRQ�ZLWK�%+(���%/(���0�,2���'�&���:�5��DQG�RSWLRQDOO\�60,$&7���VHOHFWV�D
SK\VLFDO�PHPRU\�RU�,�2�ORFDWLRQ���&HUWDLQ�DGGUHVV�UDQJHV�FDQ�RSWLRQDOO\�EH�UHPDSSHG�LQ
YDULRXV�SRZHU�PDQDJHPHQW�PRGHV�

$'6� WWO�LQ $GGUHVV�6WDWXV�
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�RXWSXW��,QGLFDWHV�WKDW�WKH�&38�LV�GULYLQJ
D�YDOLG�DGGUHVV�DQG�EXV�F\FOH�GHILQLWLRQ��7KH�5���(;�WUDFNV�WKH�VWDWH�RI�WKH�ORFDO�EXV�E\
PRQLWRULQJ�WKLV�LQSXW�DW�DOO�WLPHV�
:KHQ�WKH�,QWHO����(;�OHDYHV�WKH�VSHFLDO�+$/7�32:(5'2:1�PRGH�DQG�ELW���RI�WKH
&ORFN�5HVHW�&RQWURO�5HJLVWHU�LV�VHW��WKH�5���(;�XVHV�WKH�$'6��LQSXW�WR�UH�V\QFKURQL]H
WKH�5���(;
V�3+$6(��RXWSXW�WR�WKH�,QWHO����(;�FORFN�SKDVH�3+���7KLV�LV�HDVLO\
DFFRPSOLVKHG�EHFDXVH�WKH�V\VWHP�FORFN�IUHTXHQF\�LV��������.+]�GXULQJ�SRZHUGRZQ
PRGH�DQG�WKXV�WKH�$'6��VLJQDO�LV�JXDUDQWHHG�WR�EH�YDOLG�YHU\�HDUO\�LQ�3+��RI�WKH�,QWHO���
(;
V�EXV�F\FOH����7KLV�UHV\QFKURQL]DWLRQ�DOORZV�WKH�5���(;��DQG�RWKHU�ORFDO�EXV
SHULSKHUDOV�WKDW�ORRN�DW�WKH�5���(;
V�3+$6(��RXWSXW��WR�VWD\�LQ�SKDVH�ZLWK�HYHQ�DQ�$��RU
%�VWHS�,QWHO����(;�DV�LW�H[LWV�LWV�ORZHVW�SRZHU�VWDWH�

%+(�
%/(�

WWO�LQ %\WH�+LJK�(QDEOH��%\WH�/RZ�(QDEOH�
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�RXWSXWV��7KHVH�LQSXWV�LQGLFDWH�ZKLFK
GDWD�E\WHV�DUH�YDOLG�
%+(� %/(�
���� ���� ZRUG�WUDQVIHU
���� ���� XSSHU�E\WH�WUDQVIHU��'>����@�
���� ���� ORZHU�E\WH�WUDQVIHU��'>���@�
���� ���� PHPRU\�UHIUHVK��QRW�DFWHG�RQ�
1RWH��7KH�5���(;�XVHV�WKH��������.+]�FORFN�WR�LQLWLDWH�'5$0�UHIUHVK��,W�FRPSOHWHO\
LJQRUHV�&38�JHQHUDWHG�UHIUHVK�F\FOHV��DQG�GRHV�QRW�GULYH�5($'<��IRU�WKRVH�F\FOHV�
5HIUHVK�F\FOH�JHQHUDWLRQ�VKRXOG�QRW�EH�HQDEOHG�LQ�WKH�,QWHO����(;��RWKHUZLVH�WKH�UHIUHVK
F\FOH�ZLOO�QHYHU�FRPSOHWH�DQG�WKH�V\VWHP�ZLOO�KDQJ�

'>����@ WWO�LR
FVU
EXV�NHHSHU

'DWD�%XV�
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�VLJQDOV��7KH�5���(;�OLQNV�WKH�&38
GDWD�EXV�ZLWK�WKH�,6$�GDWD�EXV�
([FHSW�IRU�'���WKHVH�VLJQDOV�KDYH�EXV�NHHSHUV�WKDW�NHHS�WKHP�IURP�IORDWLQJ�ZKHQ�WKH�GDWD
EXV�LV�QRW�EHLQJ�GULYHQ��'��GRHV�QRW�KDYH�D�EXV�NHHSHU��7KLV�PDNHV�LW�HDV\�WR�XVH�'��
WRJHWKHU�ZLWK�DQ�H[WHUQDO�SXOO�XS�UHVLVWRU��WR�GHWHFW�WKH�SUHVHQFH�RI�('2�W\SH�'5$0�
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7DEOH�������,QWHO����(;�&38�/RFDO�%XV�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
'$&.$�
'$&.%�

FPRV�LQ '0$�$FNQRZOHGJH�
&RQQHFW�GLUHFWO\�WR�WKH�,QWHO����(;�'$&.���DQG�'$&.���RXWSXWV��7KHVH�LQSXWV�LQGLFDWH
WKDW�WKH�FXUUHQW�EXV�F\FOH�LV�D�'0$�WUDQVIHU��7KH�&38�PXVW�EH�SURJUDPPHG�WR�SHUIRUP
IO\�E\�'0$�WUDQVIHUV��7KH�DGGUHVV�GXULQJ�'0$�F\FOHV�LV�LQWHUSUHWHG�DV�D�PHPRU\
DGGUHVV��7KH�5���(;�ZLOO�PDWH�D�PHPRU\�UHDG�WR�D�FRQFXUUHQW�,6$�EXV�,�2�ZULWH��DQG�ZLOO
PDWH�D�PHPRU\�ZULWH�WR�D�FRQFXUUHQW�,6$�EXV�,�2�UHDG�
'$&.%��LV�UH�GULYHQ�RQ�WKH�4'$&.%���/DEHOHG�4'$&.$��RQ�5HY���6LOLFRQ��RXWSXW�DIWHU
EHLQJ�LQWHUQDOO\�TXDOLILHG�WR�SUHYHQW�LW�IURP�EHFRPLQJ�DFWLYH�GXULQJ�DQ�,6$�UHIUHVK�F\FOH�
7KHUH�LV�QR�FRUUHVSRQGLQJ�4'$&.$��RXWSXW��4'$&.%��RQ�5HY���6LOLFRQ��
1RWH��7KHVH�LQSXWV�DUH�QRW�FDOOHG�E\�WKH�VDPH�QDPHV�DV�WKH�,QWHO����(;�RXWSXWV��7KLV�LV
WR�PDNH�LW�FOHDUHU�WKDW�HLWKHU�,QWHO����(;�RXWSXW�PD\�EH�FRQQHFWHG�WR�HLWKHU�LQSXW�
GHSHQGLQJ�RQ�ZKLFK�FKDQQHO�QHHGV�D�4'$&.�RXWSXW�

/%$� FPRV�LQ /RFDO�%XV�$FFHVV�
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�RXWSXW��7KLV�LQSXW�LQGLFDWHV�WKDW�WKH
&38�LV�HLWKHU�GRLQJ�DQ�LQWHUQDO�UHJLVWHU�DFFHVV�RU�LV�GRLQJ�D�ORFDO�EXV�DFFHVV�DV�VHOHFWHG
E\�WKH�,QWHO����(;�FKLS�VHOHFW�XQLW��7KH�,QWHO����(;�ZLOO�DVVHUW�5($'<��LWVHOI�WR�FRPSOHWH
WKH�DFFHVV��7KH�5���(;�WUDFNV�WKH�VWDWH�RI�WKH�ORFDO�EXV�E\�PRQLWRULQJ�WKLV�LQSXW�DW�DOO
WLPHV�
7KH�5���(;�GRHV�QRW�XVH�/%$��DV�D�TXDOLILHU�IRU�GHFLGLQJ�ZKHQ�WR�DVVHUW�&(B%,26��RU
:(B)/$6+���([FHSW�IRU�WKHVH�WZR�RXWSXWV��WKH�5���(;�LJQRUHV�ORFDO�EXV�F\FOHV�ZKHQ
/%$��LV�DVVHUWHG��7KH�5���(;�ZLOO�QRW�DFFHVV�DQ\�RI�LWV�LQWHUQDO�SHULSKHUDOV�RU�UHJLVWHUV�
QRU�ZLOO�LW�SHUIRUP�D�'5$0�RU�,6$�DFFHVV�GXULQJ�F\FOHV�ZLWK�/%$��DVVHUWHG�

/'(9� WWO�LQ /RFDO�'HYLFH�
$Q�H[WHUQDO�GHYLFH�WKDW�ZLVKHV�WR�FODLP�WKH�FXUUHQW�ORFDO�EXV�DFFHVV�IRU�LWVHOI�PXVW�DVVHUW
WKLV�LQSXW�WR�QRWLI\�WKH�5���(;��7KH�H[WHUQDO�GHYLFH�PXVW�JHQHUDWH�5($'<��WR�FRPSOHWH
WKH�DFFHVV��7KH�5���(;�WUDFNV�WKH�VWDWH�RI�WKH�ORFDO�EXV�E\�PRQLWRULQJ�WKLV�LQSXW�DW�DOO
WLPHV�
7KH�5���(;�FRPSOHWHO\�LJQRUHV�EXV�F\FOHV�IRU�ZKLFK�/'(9��LV�DVVHUWHG��,W�ZLOO�QRW�DVVHUW
&(B%,26��RU�:(B)/$6+��IRU�WKHVH�F\FOHV��,W�ZLOO�QRW�DFFHVV�DQ\�RI�LWV�LQWHUQDO
SHULSKHUDOV�RU�UHJLVWHUV��QRU�ZLOO�LW�SHUIRUP�D�'5$0�RU�,6$�DFFHVV�GXULQJ�F\FOHV�ZLWK
/'(9��DVVHUWHG�

/2&.� WWO�LQ %XV�/RFN�
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�RXWSXW��7KLV�LQSXW�LQGLFDWHV�WKDW�WKH
FXUUHQW�EXV�DFFHVV�LV�SDUW�RI�D�5HDG�0RGLI\�:ULWH�VHTXHQFH�IURP�WKH�&38��7KH�5���(;
ZLOO�QRW�UHOLQTXLVK�FRQWURO�RI��WKH�'5$0�YLD�WKH�'5$0+2/'��DQG�'5$0+/'$��SURWRFRO
ZKLOH�WKLV�VLJQDO�LV�DVVHUWHG�
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7DEOH�������,QWHO����(;�&38�/RFDO�%XV�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
0�,2�
'�&�
:�5�

WWO�LQ %XV�&\FOH�'HILQLWLRQV��0HPRU\�,2��'DWD�&RQWURO��:ULWH�5HDG��
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�RXWSXWV��7KHVH�WKUHH�LQSXWV�GHILQH�WKH
FXUUHQW�EXV�F\FOH�W\SH�
0�,2�� '�&�� :�5��
���� ���� �������� LQWHUUXSW�DFNQRZOHGJH
���� ���� ���� ,QWHO�5HVHUYHG��
���� ���� ���� ,�2�GDWD�UHDG
���� ���� ���� ,�2�GDWD�ZULWH
���� ���� ���� PHPRU\�FRGH�UHDG
���� ���� ���� KDOW�RU�VKXWGRZQ

���� ���� ���� PHPRU\�GDWD�UHDG


���� ���� ���� PHPRU\�GDWD�ZULWH

�)RU�KDOW�RU�VKXWGRZQ�F\FOHV�
�������$�� ���LQGLFDWHV�6KXWGRZQ�&\FOH
�������$�� ���LQGLFDWHV�+DOW�&\FOH


�7KH�,QWHO����(;�GHILQHV�UHIUHVK�F\FOHV�DV�PHPRU\�GDWD�UHDG�ZLWK�5()5(6+��DVVHUWHG
DQG�ERWK�%+(��DQG�%/(��QHJDWHG��7KH�5���(;�GRHV�QRW�FRQQHFW�WR�5()5(6+��DQG
GRHV�QRW�UHVSRQG�WR�,QWHO����(;�UHIUHVK�F\FOHV��7KH�5���(;�GLVWLQJXLVKHV�UHDGV�IURP
UHIUHVKHV�E\�WKH�%+(��DQG�%/(��LQSXWV�
��,�2�&RGH�:ULWH�F\FOHV�DUH�VRPHWLPHV�XVHG�RQ�PLFURSURFHVVRU�HPXODWRUV�WR�NHHS�WUDFN
RI�´EUDQFK�WDNHQ�PHVVDJHV�µ

1$� RXW
��P$

1H[W�$GGUHVV�
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�LQSXW��7KLV�RXWSXW�UHTXHVWV�DGGUHVV
SLSHOLQLQJ�IURP�WKH�&38��,W�LQGLFDWHV�WKDW�WKH�5���(;�FDQ�DFFHSW�D�QHZ�DGGUHVV�DQG�EXV
F\FOH�GHILQLWLRQ�SULRU�WR�FRPSOHWLQJ�WKH�FXUUHQW�'5$0�DFFHVV���1$��LV�DVVHUWHG�RQO\�IRU
QRUPDO�'5$0�DFFHVVHV��QHYHU�IRU�,6$�DFFHVVHV��'0$�DFFHVVHV�RU�LQWHUQDO�UHJLVWHU�RU
SHULSKHUDO�DFFHVVHV�

5($'<� WWO�LR
FVU

%XV�5HDG\�
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�VLJQDO��7KH�5���(;�DVVHUWV�WKLV�EL�
GLUHFWLRQDO�VLJQDO�WR�LQGLFDWH�WKDW�WKH�FXUUHQW�EXV�F\FOH�KDV�FRPSOHWHG��7KH�5���(;�WUDFNV
WKH�VWDWH�RI�WKH�ORFDO�EXV�E\�PRQLWRULQJ�5($'<��DW�DOO�WLPHV��EXW�LW�GRHV�QRW�GULYH
5($'<��IRU�F\FOHV�ZLWK�/%$��RU�/'(9��DVVHUWHG�

60,� RXW
��P$

6\VWHP�0DQDJHPHQW�,QWHUUXSW�
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�LQSXW��7KLV�RXWSXW�LV�DVVHUWHG�ZKHQHYHU
DQ\�V\VWHP�PDQDJHPHQW�HYHQW�RFFXUV��RU�ZKHQHYHU�HLWKHU�RI�WKH�(;760,>���@��LQSXWV�LV
DVVHUWHG��,W�UHPDLQV�DVVHUWHG�IRU�D�PLQLPXP�RI�HLJKW�&/.��F\FOHV�





�1RWH�




��7KH�H[DFW�EHKDYLRU�RI�WKLV�RXWSXW�LV�WR�EH�GHWHUPLQHG�ZLWK�UHVSHFW�WR
PXOWLSOH�FRQFXUUHQW�60,V�

60,$&7� FPRV�LQ 6\VWHP�0DQDJHPHQW�,QWHUUXSW�$FWLYH�
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�LQSXW��7KLV�LQSXW�LV�WKH�DFNQRZOHGJPHQW
IURP�WKH�,QWHO����(;�WKDW�LW�KDV�HQWHUHG�V\VWHP�PDQDJHPHQW�PRGH��9DULRXV�&38
DGGUHVV�UDQJHV�PD\�EH�UHPDSSHG�LQ�WKLV�PRGH�WKURXJK�WKH�60,�&RQWURO�6WDWXV�5HJLVWHU
LQ�WKH�5���(;�
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7DEOH�������'5$0�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
&$6+�
&$6/�

WULVWDWH�RXW &ROXPQ�$GGUHVV�6WUREH�
7KHVH�RXWSXWV�VWUREH�D�FROXPQ�DGGUHVV�LQWR�'5$0��&$6/��HQDEOHV�UHDGLQJ�RU�ZULWLQJ�WKH
ORZHU�GDWD�E\WH��ELWV�'>���@��DQG�FRUUHVSRQGV�WR�%/(���&$6+��HQDEOHV�UHDGLQJ�RU�ZULWLQJ
WKH�XSSHU�GDWD�E\WH��ELWV�'>����@��DQG�FRUUHVSRQGV�WR�%+(��

'$7$B(1� RXW
FVU

'DWD�(QDEOH�
7KLV�RXWSXW�PD\�EH�FRQQHFWHG�WR�WKH�2(��LQSXW�RI�DQ�RSWLRQDO�H[WHUQDO�GDWD�WUDQVFHLYHU
EHWZHHQ�WKH�&38�GDWD�EXV�DQG�WKH�'5$0�DQG�%,26�GDWD�EXVVHV��7KH�',5�LQSXW�RI�WKH
WUDQVFHLYHU�VKRXOG�EH�FRQQHFWHG�WR�WKH�,QWHO����(;�5'��RXWSXW�
�5HJLVWHU�FRQWURO�ELWV�FDQ�VHOHFWLYHO\�HQDEOH�WKLV�RXWSXW�IRU�DFFHVVHV�WR�HLWKHU�WKH�'5$0�RU
WKH�%,26��%\�SURYLGLQJ�FRQWUROV�IRU�DQ�H[WHUQDO�WUDQVFHLYHU��WKLV�RXWSXW�IDFLOLWDWHV�XVLQJ
'5$0�DQG�RU�%,26�FKLSV�WKDW�KDYH�VORZ�RXWSXW�GLVDEOH�WLPHV�WKDW�PD\�HQFURDFK�LQWR�D
VXEVHTXHQW�,QWHO����(;�ZULWH�F\FOH�DQG�FRQVHTXHQWO\�ILJKW�ZLWK�WKH�&38�GDWD�RXWSXWV�
7\SLFDO�'5$0�RXWSXW�GLVDEOH�WLPLQJV�DUH�JRRG�HQRXJK�WKDW�D�WUDQVFHLYHU�LV�QRW�QHHGHG
DQG�LV�QRW�UHFRPPHQGHG��+RZHYHU��VRPH�(3520V�PD\�QHHG�LW�
$OWHUQDWH�)XQFWLRQ��'5$0+/'$���GHVFULEHG�EHORZ�

'5$0+2/'� WWO�LQ '5$0�+ROG�5HTXHVW�
$Q�H[WHUQDO�GHYLFH�PD\�VKDUH�WKH�'5$0�E\�DVVHUWLQJ�'5$0+2/'���$IWHU�WKH�5���(;
FRPSOHWHV�DQ\�SHQGLQJ�&38�DFFHVVHV�DQG�PHPRU\�UHIUHVKHV�LW�WULVWDWHV�LWV�PHPRU\
DGGUHVV�DQG�FRQWURO�RXWSXWV�DQG�DVVHUWV�'5$0+/'$���SURYLGHG�WKDW�/2&.��LV�QRW
DVVHUWHG��7KH�H[WHUQDO�GHYLFH�PD\�WKHQ�DFFHVV�WKH�'5$0�
7KH�H[WHUQDO�GHYLFH�PXVW�NHHS�'5$0+2/'��DVVHUWHG�IRU�WKH�GXUDWLRQ�RI�LWV�'5$0
DFFHVV�HV��DQG�PXVW�QHJDWH�LW�DIWHU�LWV�ILQDO�'5$0�DFFHVV��,I�WKH�H[WHUQDO�GHYLFH
FRQWLQXRXVO\�PDLQWDLQV�FRQWURO�RI�WKH�'5$0�IRU�ORQJHU�WKDQ�RQH�PHPRU\�UHIUHVK�LQWHUYDO
�W\SLFDOO\������PLFURVHFRQGV���LW�PXVW�SHUIRUP�GLVWULEXWHG�&$6�EHIRUH�5$6�UHIUHVKHV�DW
VXLWDEOH�LQWHUYDOV�
1RWH��7KH�5���(;�DFWLYHO\�QHJDWHV�DOO�FRQWURO�RXWSXWV�EHIRUH�WULVWDWLQJ�WKHP�DQG
UHOLQTXLVKLQJ�WKH�'5$0��1HYHUWKHOHVV��V\VWHP�GHVLJQ�SUDFWLFH�VXJJHVWV�WKDW�SXOO�XS
UHVLVWRUV�EH�DGGHG�WR�WKH�FRQWURO�RXWSXWV�WR�SUHYHQW�VWUD\�QRLVH�IURP�DIIHFWLQJ�WKH�'5$0�

'5$0+/'$� RXW
FVU

'5$0�+ROG�$FNQRZOHGJH�
$Q�H[WHUQDO�GHYLFH�VKDULQJ�WKH�'5$0�PXVW�UHTXHVW�DFFHVV�E\�DVVHUWLQJ�'5$0+2/'��
7KH�5���(;�UHVSRQGV�ZLWK�'5$0+/'$��DIWHU�SHQGLQJ�&38�DFFHVVHV�KDYH�FRPSOHWHG�

0$>����@ FPRV�LR 0HPRU\�$GGUHVV�
7KHUH�DUH����GHGLFDWHG�PXOWLSOH[HG�'5$0�PHPRU\�DGGUHVV�RXWSXWV��7KH���WK�RXWSXW�
0$����LV�PXOWLSOH[HG�ZLWK�5$6%6���DQG�LWV�IXQFWLRQ�LV�VHOHFWHG�DW��SRZHU�XS�E\�GHWHFWLQJ
WKH�VWDWH�RI�0$����,I�0$��LV�ORZ��WKH�5$6B%6��SLQ�IXQFWLRQ�LV�VHOHFWHG���,I�LW�LV�KLJK��WKHQ
WKH�0$���SLQ�IXQFWLRQ�LV�VHOHFWHG�
'XULQJ�QRUPDO�RSHUDWLRQ�WKH�����RU�����RXWSXWV�IRUP�D����ELW��RU����ELW��PXOWLSOH[HG
PHPRU\�DGGUHVV�EXV���7KRVH�'5$0V�ZKLFK�KDYH�WKH�VDPH�QXPEHU�RI�URZ�DQG�FROXPQ
DGGUHVV�ELWV��RU�WKRVH�ZLWK�RQH�PRUH�URZ�DGGUHVV�ELW�WKDQ�FROXPQ�DGGUHVV�ELW�DUH
VXSSRUWHG���7KH�H[WUD�URZ�DGGUHVV�ELW�LV�WKH�PRVW�VLJQLILFDQW�DGGUHVV�ELW�
7KHVH�SLQV�DUH�XVHV�DV�LQSXWV��ZKLOH�3:5*22'�LV�QHJDWHG��WR�VHW�WKH�SRZHU�XS
FRQILJXUDWLRQ�RI�WKH�5���(;���7KHVH�SLQV�GRQ·W�KDYH�EXV�NHHSHUV�RU�LQWHUQDO�SXOO�XS
UHVLVWRUV��([WHUQDO�SURJUDPPLQJ�UHVLVWRUV�DUH�UHTXLUHG�IRU�DOO�SLQV��:KHQ�WKH�5���(;�LV�LQ
ORZ�SRZHU�VWDQGE\��LW�UHGULYHV�DOO�WKHVH�SLQV�ZLWK�WKH�YDOXHV�ODWFKHG�DW�WKH�DVVHUWLRQ�RI
3:5*22'�
$OWHUQDWH�)XQFWLRQ��0$���LV�PXOWLSOH[HG�ZLWK�5$6%6��



Signal Descriptions

Data Sheet 11
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6LJQDO 7\SH 'HVFULSWLRQ
5$6$)�
5$6$6�
5$6%)�
5$6%6�

WULVWDWH�RXW 5RZ�$GGUHVV�6WUREH�
7KHVH�RXWSXWV�VWUREH�D�URZ�DGGUHVV�LQWR�'5$0��7KHUH�DUH�IRXU�5$6[[��VLJQDOV��ZKLFK
DUH�XVHG�WR�FRQWURO�WZR�LQGHSHQGHQW�'5$0�EDQNV��2QO\�RQH�5$6[[��LV�DVVHUWHG�DW�D
WLPH��7KH�5���(;�RSHUDWHV�WKH�'5$0�LQ�)DVW�3DJH�0RGH�
7KH�WZR�PHPRU\�EDQNV��EDQN�$�DQG�EDQN�%��PD\�KDYH�RQH�RU�WZR����ELW�ZLGH�'5$0�VXE�
EDQN��FDOOHG�WKH�)LUVW�DQG�WKH�6HFRQG�VXE�EDQN��)RU�HDFK�VXE�EDQN�WKH�XSSHU�DQG�ORZHU
GDWD�E\WHV�DUH�FRQWUROOHG�E\�WKH�WZR�&$6[��RXWSXWV��,I�D�EDQN�KDV�RQO\�D�VLQJOH����ELW�ZLGH
'5$0�VXE�EDQN�LQVWDOOHG��WKH�5���(;�FRQWUROV�LW�ZLWK�WKH�5$6[)��RXWSXW��,I�D�EDQN�KDV
WZR����ELW�ZLGH�'5$0�VXE�EDQNV�LQVWDOOHG��WKH�5���(;�FRQWUROV�WKHP�XVLQJ�ERWK�WKH
5$6[)��DQG�5$6[6��RXWSXWV�
7KH�5���(;�PXOWLSOH[HV�WKH�5$6%6��IXQFWLRQ�ZLWK�WKH�0$���IXQFWLRQ�RQ�WKH�VDPH�SLQ�
7KLV�IXQFWLRQ�LV�VHOHFWHG�DW��SRZHU�XS�E\�GHWHFWLQJ�WKH�VWDWH�RI�0$����7KLV�PHDQV�WKDW
ZKHQ�WKH�0$���IXQFWLRQ�LV�VHOHFWHG�GXULQJ�SRZHU�XS�FRQILJXUDWLRQ��WKH�5���(;�RQO\
VXSSRUWV�D�WRWDO�RI�WKUHH�PHPRU\�VXE�EDQNV��DQG�WKH�EDQN�%�VHFRQG��'5$0�VXE�EDQN�LV
QRW�DYDLODEOH�
$OWHUQDWH�)XQFWLRQ��5$6%6��LV�PXOWLSOH[HG�ZLWK�0$���

:(� WULVWDWH�RXW '5$0�:ULWH�(QDEOH�
7KLV�RXWSXW�GLUHFWV�WKH�'5$0V�WR�SUHSDUH�IRU�DQ�(DUO\�:ULWH�F\FOH��7KHUH�LV�RQO\�RQH�:(�
RXWSXW�EHFDXVH�WKH�GDWD�E\WHV�WR�EH�ZULWWHQ�WR�WKH����ELW�ZLGH�EDQNV�DUH�VHOHFWHG�E\�WKH
VXEVHTXHQW�DVVHUWLRQ�RI�&$6/��RU�&$6+��
,I��HLWKHU�EDQN�RI�'5$0�LV�SURJUDPPHG�WR�EH�([WHQGHG�'DWD�2XW��WKH�5���(;�ZLOO�DVVHUW
:(��EULHIO\�DIWHU�HYHU\�UHDG�F\FOH�WR�GLVDEOH�WKH�'5$0�RXWSXW�EXIIHUV��7KLV�DOORZV�('2
'5$0V�WR�EH�XVHG�VKRXOG�QRUPDO�)DVW�3DJH�0RGH�'5$0V�EHFRPH�PRUH�H[SHQVLYH�RU
PRUH�GLIILFXOW�WR�REWDLQ�
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7DEOH�������,6$�%XV�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
$(1 RXW

FVU
$GGUHVV�(QDEOH�
7KLV�RXWSXW�LV�DVVHUWHG�RQO\�GXULQJ�'0$�F\FOHV��,W�LQGLFDWHV�WKDW�WKH�6$�RXWSXWV�WR�WKH�,6$
EXV�DUH�GULYLQJ�D�PHPRU\�DGGUHVV�DQG�QRW�DQ�,�2�DGGUHVV���,6$�'0$�F\FOHV�DUH�IO\�E\
DQG�QHYHU�KDYH�DQ�,�2�DGGUHVV�DVVRFLDWHG�ZLWK�WKHP��
,6$�SHULSKHUDOV�DFFHVVHG�YLD�,�2�LQVWUXFWLRQV�PXVW�GLVDEOH�WKHLU�DGGUHVV�GHFRGH�ZKLOH�WKLV
RXWSXW�LV�DVVHUWHG��VLQFH�RWKHUZLVH�WKH\�ZRXOG�LQFRUUHFWO\�UHVSRQG�WR�PHPRU\�DGGUHVVHV
ZKHQ�WKH�,25��RU�,2:��VLJQDO�EHFRPHV�DVVHUWHG�WRJHWKHU�ZLWK�0(05��RU�0(0:�
GXULQJ�D�'0$�F\FOH��,�2�GHYLFHV�SDUWLFLSDWLQJ�LQ�D�'0$�F\FOH�VKRXOG�VHOHFW�WKHPVHOYHV
XVLQJ�'$&.[��GLUHFWO\�IURP�WKH�,QWHO����(;�

%$/( RXW %XV�$GGUHVV�/DWFK�(QDEOH�
7KLV�RXWSXW�LV�SXOVHG�DVVHUWHG�DW�WKH�EHJLQQLQJ�RI�D�QRUPDO�,6$�F\FOH��,W�LV�FRQWLQXRXVO\
DVVHUWHG�GXULQJ�'0$�F\FOHV��,W�LQGLFDWHV�WKDW�D�YDOLG�DGGUHVV�LV�SUHVHQW�RQ�WKH�EXV��,Q�D
JHQHULF�,6$�V\VWHP�WKLV�VLJQDO�LV�XVHG�WR�ODWFK�WKH�KLJK�RUGHU�ELWV�RI�WKH�DGGUHVV�EXV��7KH
5���(;�NHHSV�DOO�DGGUHVVHV�VWDEOH�IRU�WKH�GXUDWLRQ�RI�WKH�,6$�F\FOH��VR�WKH\�GRQ·W�QHHG�WR
EH�ODWFKHG�E\�%$/(�

%&/. RXW %XV�&ORFN�
7KH�,6$�EXV�FORFN�VLJQDO���7KLV�FDQ�EH�VHW�WR�&/.�,1�GLYLGHG�E\�������RU���DV�GHWHUPLQHG
E\�ELWV���DQG���RI�WKH�&ORFN�5HVHW�&RQWURO�5HJLVWHU���)RU�DOO��GLYLVRUV�WKH�RXWSXW�GXW\�F\FOH
LV�a����
7KH�,6$�EXV�LV�JHQHUDOO\�DV\QFKURQRXV��DQG�%&/.�VKRXOGQ·W�EH�XVHG�WR�VDPSOH�LQSXWV�RU
GULYH�RXWSXWV��7KH�RQH�H[FHSWLRQ�LV�12:6���ZKLFK�LV�V\QFKURQRXVO\�VDPSOHG�E\�WKH
5���(;�
1RWH��7KH�,%0�7HFKQLFDO�5HIHUHQFH��3HUVRQDO�&RPSXWHU�$7�UHIHUV�WR�WKLV�RXWSXW�DV�&/.
LQ�WKH�SLQ�GHVFULSWLRQV��EXW�UHIHUV�WR�LW�DV�6<6&/.�LQ�WKH�DFWXDO�VFKHPDWLFV��7KLV
GRFXPHQW�XVHV�WKH�QDPH�FKRVHQ�E\�6RODUL�LQ�,6$�	�(,6$�7KHRU\�	�2SHUDWLRQ�

,2&+5'< WWO�LQ ,�2�&KDQQHO�5HDG\�
,Q�RUGHU�WR�H[WHQG�D�F\FOH��DQ�,6$�GHYLFH�PXVW�QHJDWH�,2&+5'<�ZLWKLQ�D�VSHFLILF�WLPH
DIWHU�WKH�DVVHUWLRQ�RI�0(05���0(0:���,25���RU�,2:���:KHQ�WKH�GHYLFH�LV�UHDG\�IRU�WKH
F\FOH�WR�FRPSOHWH��LW�PXVW�UHOHDVH�,2&+5'<�DQG�DOORZ�WKH�SXOO�XS�UHVLVWRU�WR�DVVHUW�LW�
$OWHUQDWLYHO\��WR�VSHHG�XS�WKH�FRPSOHWLRQ�RI�WKH�F\FOH��WKH�GHYLFH�PD\�DFWLYHO\�GULYH
,2&+5'<�DVVHUWHG�DQG�WKHQ�WULVWDWH�LW�
2Q�WKH�,6$�EXV�WKLV�LV�DQ�RSHQ�FROOHFWRU�VLJQDO�LPSOHPHQWDWLRQ��KHOG�DVVHUWHG�E\�D�SXOO�XS
UHVLVWRU��,W�PD\�EH�QHJDWHG�E\�DQ�,6$�PHPRU\�RU�,�2�GHYLFH�WR�H[WHQG�WKH�GXUDWLRQ�RI�WKH
FXUUHQW�,6$�F\FOH�
,2&+5'<�QHJDWHG�RYHUULGHV�12:6��DVVHUWHG��1RUPDO�,6$�F\FOHV�DUH�H[WHQGHG�E\
LQWHJUDO�QXPEHUV�RI�%&/.�F\FOHV��,6$�'0$�F\FOHV�DUH�H[WHQGHG�E\�DQ�HYHQ�QXPEHU�RI
%&/.�F\FOHV��%HFDXVH�WKH�'5$0�UHIUHVK�FRQWUROOHU�RQO\�UHPHPEHUV�D�VLQJOH�SHQGLQJ
UHIUHVK��LI�,2&+5'<�LV�KHOG�QHJDWHG�IRU�WRR�ORQJ��,6$�DQG�'5$0�UHIUHVK�F\FOHV�PD\�EH
ORVW�

,2&6��� WWO�LQ ,�2�&KLS�6HOHFW����
2Q�WKH�,6$�EXV�WKLV�LV�DQ�RSHQ�FROOHFWRU�VLJQDO�LPSOHPHQWDWLRQ��KHOG�QHJDWHG�E\�D�SXOO�XS
UHVLVWRU��$Q�,6$�EXV�,�2�GHYLFH�WKDW�FDQ�VXSSRUW����ELW�DFFHVVHV�PD\�DVVHUW�,2&6����YLD
D�VWUDLJKW�GHFRGH�RI�6$>���@�ZLWKRXW�TXDOLILFDWLRQ�E\�DQ\�FRQWURO�VWUREHV��:KHQ�WKLV�LQSXW�LV
DVVHUWHG��WKH�5���(;�SHUIRUPV��D����ELW�DFFHVV�WR�WKH�GHYLFH��LI�SRVVLEOH���7KH�3&6
5HJLVWHUV�LQVLGH�WKH�5���(;�PD\�DOVR�DVVHUW�DQ�LQWHUQDO�YHUVLRQ�RI�WKLV�VLJQDO�DQG�WKXV
VDYH�DQ�H[WHUQDO�RSHQ�FROOHFWRU�EXIIHU�RWKHUZLVH�ZRXOG�EH�UHTXLUHG�E\����ELW�ZLGH�,�2
PDSSHG�SHULSKHUDOV��,2&6����LV�LJQRUHG�E\�WKH�5���(;�H[FHSW�GXULQJ�,6$�,�2�F\FOHV�
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6LJQDO 7\SH 'HVFULSWLRQ
,25� RXW ,�2�5HDG�6WUREH�

7KLV�FRPPDQG�VWUREH�RXWSXW�LQVWUXFWV�WKH�VHOHFWHG�,6$�,�2�GHYLFH�WR�GULYH�GDWD�RQWR�WKH
GDWD�EXV��$Q�,�2�GHYLFH�LV�VHOHFWHG�E\�DQ�DGGUHVV�GXULQJ�DQ�,�2�F\FOH�DQG�E\�D�'$&.[�
GXULQJ�D�'0$�F\FOH�

,2:� RXW ,�2�:ULWH�6WUREH�
7KLV�FRPPDQG�VWUREH�RXWSXW�LQVWUXFWV�WKH�VHOHFWHG�,6$�,�2�GHYLFH�WR�DFFHSW�GDWD�IURP�WKH
GDWD�EXV��$Q�,�2�GHYLFH�LV�VHOHFWHG�E\�DQ�DGGUHVV�GXULQJ�DQ�,�2�F\FOH�DQG�E\�D�'$&.[�
GXULQJ�D�'0$�F\FOH�

0(0&6��� WWO�LQ 0HPRU\�&KLS�6HOHFW����
2Q�WKH�,6$�EXV�WKLV�LV�DQ�RSHQ�FROOHFWRU�VLJQDO�LPSOHPHQWDWLRQ��KHOG�QHJDWHG�E\�D�SXOO�XS
UHVLVWRU��$Q�,6$�EXV�PHPRU\�GHYLFH�WKDW�FDQ�VXSSRUW����ELW�DFFHVVHV�PD\�DVVHUW
0(0&6����YLD�D�VWUDLJKW�GHFRGH�RI�6$>����@�ZLWKRXW�TXDOLILFDWLRQ�E\�DQ\�FRQWURO�VWUREHV�
7KLV�WHOOV�WKH�5���(;�WR�SHUIRUP��LI�SRVVLEOH��D����ELW�DFFHVV�WR�WKH�GHYLFH��0(0&6����LV
LJQRUHG�E\�WKH�5���(;�H[FHSW�GXULQJ�,6$�PHPRU\�F\FOHV�
,Q�D�JHQHULF�,6$�EXV��6$>����@�GRQ·W�KDYH�WKH�SURSHU�WLPLQJ�WR�DOORZ�WKHP�WR�SDUWLFLSDWH�LQ
GHFRGLQJ�0(0&6�����7KH�5���(;�GULYHV�DOO�6$�OLQHV�ZLWK�WKH�VDPH�WLPLQJ��VR�DOO���
PD\�EH�XVHG��2U��IRU�EDFNZDUG�FRPSDWLELOLW\�ZLWK�JHQHULF�,6$��WKH�GHFRGH�PD\�EH�OLPLWHG
WR�XVLQJ�6$>�����@�

0(05� RXW 0HPRU\�5HDG�6WUREH�
7KLV�FRPPDQG�VWUREH�RXWSXW�LQVWUXFWV�WKH�VHOHFWHG�,6$�PHPRU\�GHYLFH�WR�GULYH�GDWD�RQWR
WKH�GDWD�EXV��$�PHPRU\�GHYLFH�LV�DOZD\V�VHOHFWHG�E\�DQ�DGGUHVV��QHYHU�E\�D�'$&.[��
7KLV�RXWSXW�LV�DVVHUWHG�WRJHWKHU�ZLWK�5()5(6+��GXULQJ�DQ�,6$�UHIUHVK�F\FOH�

0(0:� RXW 0HPRU\�:ULWH�6WUREH�
7KLV�FRPPDQG�VWUREH�RXWSXW�LQVWUXFWV�WKH�VHOHFWHG�,6$�PHPRU\�GHYLFH�WR�DFFHSW�GDWD
IURP�WKH�GDWD�EXV��$�PHPRU\�GHYLFH�LV�DOZD\V�VHOHFWHG�E\�DQ�DGGUHVV��QHYHU�E\�D
'$&.[��

12:6� WWO�LQ 1R�:DLW�6WDWH�
2Q�WKH�,6$�EXV�WKLV�LV�DQ�RSHQ�FROOHFWRU�VLJQDO�LPSOHPHQWDWLRQ��KHOG�QHJDWHG�E\�D�SXOO�XS
UHVLVWRU��8QOLNH�DOO�RWKHU�LQSXWV�IURP�WKH�,6$�EXV��12:6��LV�V\QFKURQRXV��,W�PXVW�PHHW
VSHFLILHG�VHWXS�DQG�KROG�WLPHV�WR�%&/.��7KH�VDPSOLQJ�SRLQW�YDULHV�ZLWK�WKH�F\FOH�W\SH�
6RODUL��,6$�	�(,6$�7KHRU\�	�2SHUDWLRQ��VKRXOG�EH�FRQVXOWHG�LQ�RUGHU�WR�XQGHUVWDQG�WKH
VXEWOHWLHV�RI�GHVLJQLQJ�ZLWK�WKLV�VLJQDO�
,2&+5'<�QHJDWHG�RYHUULGHV�12:6��DVVHUWHG��12:6��LV�VDPSOHG�RQO\�LQ�PHPRU\�DQG
,�2�F\FOHV�DQG�LV�LJQRUHG�GXULQJ�'0$�DQG�UHIUHVK�F\FOHV�
1RWH��7KH�,%0�7HFKQLFDO�5HIHUHQFH��3HUVRQDO�&RPSXWHU�$7�UHIHUV�WR�WKLV�SLQ�DV��:6�
7KLV�GRFXPHQW�XVHV�WKH�QDPH�FKRVHQ�E\�6RODUL�LQ�,6$�	�(,6$�7KHRU\�	�2SHUDWLRQ��$Q
DOWHUQDWH�QDPH�XVHG�LQWHUFKDQJHDEO\�E\�6RODUL�LV�65'<��
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7DEOH�������,6$�%XV�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
4'$&.%�
�/DEHOHG
4'$&.$��RQ
5HY���6LOLFRQ�

RXW 4XDOLILHG�'$&.%�
7KH�4'$&.%��RXWSXW��/DEHOHG�4'$&.$��RQ�5HY���6LOLFRQ��LV�DQ�5���(;�LQWHUQDOO\
TXDOLILHG�YHUVLRQ�RI�'$&.%����,W�LV�TXDOLILHG�WR�SUHYHQW�LW�IURP�EHFRPLQJ�DFWLYH�GXULQJ�DQ
,6$�UHIUHVK�F\FOH��7KLV�RXWSXW�LV�JXDUDQWHHG�WR�QHYHU�EHFRPH�DFWLYH�ZKLOH�WKH�5���(;�LV
GRLQJ�D�UHIUHVK�F\FOH�RQ�WKH�,6$�EXV���,W�PD\�EH�XVHG�E\�D�'0$�GHYLFH�LQVWHDG�RI�D�'$&.
VLJQDO�GLUHFWO\�IURP�WKH�,QWHO����(;�
,I�,6$�UHIUHVK�LV�HQDEOHG��WKHQ�D�'$&.�RXWSXW�IURP�WKH�,QWHO����(;�FRXOG�SRWHQWLDOO\
EHFRPH�DFWLYH�ZKLOH�WKH�5���(;�LV�SHUIRUPLQJ�D�UHIUHVK�F\FOH�RQ�WKH�,6$�EXV��7KLV�FRXOG
FDXVH�SUREOHPV�ZLWK�VRPH�,6$�'0$�GHYLFHV�
1RWH��7KHUH�LV�QR�FRUUHVSRQGLQJ�4'$&.$��RXWSXW���4'$&.%��RQ�5HY���6LOLFRQ�
7KHUHIRUH��WKH�5���(;�FDQ�RQO\�TXDOLI\�RQH�RI�WKH�,QWHO����(;�'$&.�SLQV��+RZHYHU��LI
,6$�UHIUHVK�LV�GLVDEOHG�WKHQ�ERWK�,QWHO����(;�'$&.��RXWSXWV�PD\�EH�XVHG�GLUHFWO\�
ZLWKRXW�DQ\�QHHG�IRU�TXDOLILFDWLRQ�
$OWHUQDWH�)XQFWLRQ��',2�

5()5(6+� RXW
FVU

5HIUHVK�
7KLV�RXWSXW�LQGLFDWHV�WKDW�WKH�FXUUHQW�,6$�F\FOH�LV�D�UHIUHVK�F\FOH��6LQFH�,6$�UHIUHVK�LV
UDUHO\�XVHG��LW�PD\�EH�GLVDEOHG�E\�FOHDULQJ�D�ELW�LQ�WKH�'5$0�7LPLQJ�5HJLVWHU�
1RWH��7KH�5���(;�GRHV�QRW�VXSSRUW�DGG�RQ�EXV�PDVWHUV��L�H��0DVWHU�0RGH�'0$��
7KHUHIRUH��FRQWUDU\�WR�WKH�,6$�VSHF��WKH�5���(;�5()5(6+��VLJQDO�LV�D�WRWHP�SROH
RXWSXW��QRW�DQ�RSHQ�FROOHFWRU�RXWSXW�

5(6(7'59 RXW
FVU

5HVHW�'ULYH�
7KLV�RXWSXW�LQGLFDWHV�DQ�,6$�EXV�UHVHW��,W�KDV�WKH�VDPH�IXQFWLRQ�DV�5(6(7&38��EXW�KDV
KLJKHU�GULYH�FDSDELOLW\�DQG�DOORZV�5(6(7&38�WR�EH�LVRODWHG�IURP�WKH�QRLV\�,6$�EXV�
5(6(7'59�LV�JXDUDQWHHG�WR�EH�DVVHUWHG�IRU�DW�OHDVW����%&/.�F\FOHV�
1RWH��6RODUL�LQ�,6$�	�(,6$�7KHRU\�	�2SHUDWLRQ�UHIHUV�WR�WKLV�RXWSXW�DV�5(6(7��7R�DYRLG
FRQIXVLRQ�ZLWK�DQ\�RWKHU�UHVHW�VLJQDOV�LQ�WKH�V\VWHP��WKLV�GRFXPHQW�XVHV�WKH�QDPH
VSHFLILHG�LQ�WKH�,%0�7HFKQLFDO�5HIHUHQFH��3HUVRQDO�&RPSXWHU�$7�

6$>����@ RXW
FVU

6\VWHP�$GGUHVV�
7KHVH����RXWSXWV��WRJHWKHU�ZLWK�$(1�DQG�6%+(���SURYLGH�D�PHPRU\�DGGUHVV�RU�DQ�,�2
DGGUHVV�IRU�WKH�,6$�EXV��7KH�5���(;�FRQYHUWV�WKH�DGGUHVV�LQSXWV�IURP�WKH�,QWHO����(;
LQWR�WKH�,6$�EXV�6$�RXWSXWV�
*HQHUDOO\��WKHUH�LV�QR�ZD\�RI�NQRZLQJ�LQ�DGYDQFH�ZKHWKHU�WKH�,6$�F\FOH�ZLOO�EH�WR�PHPRU\
RU�WR�,�2�XQWLO�RQH�RI�WKH�FRPPDQG�VWUREHV�EHFRPHV�DVVHUWHG��(DFK�,6$�GHYLFH�PXVW�ZDLW
IRU�D�FRPPDQG�VWUREH�EHIRUH�DFWLQJ�RQ�WKH�DGGUHVV��,2&6����DQG�0(0&6����DUH
H[FHSWLRQV��7KH�GHYLFH�PXVW�JHQHUDWH�WKHP�E\�GHFRGLQJ�6$�LQ�DGYDQFH�RI�D�FRPPDQG
VWUREH�
7KH�WLPLQJ�RI�DOO����DGGUHVV�OLQHV�LV�LGHQWLFDO��DQG�DQ\�RU�DOO�RI�WKHP�PD\�EH�XVHG�WR
JHQHUDWH�0(0&6�����7KH�[���DUFKLWHFWXUH�VXSSRUWV����,�2�DGGUHVV�OLQHV��DQG�DQ\�RU�DOO
RI��6$>����@�PD\�EH�XVHG�WR�JHQHUDWH�,2&6�����+RZHYHU��WKH�,6$�EXV�JHQHUDOO\�XVHV
RQO\�6$>���@�WR�GHFRGH�,�2�DGGUHVVHV�
1RWH��$�JHQHULF�,6$�EXV�KDV�WZR�W\SHV�RI�DGGUHVVHV��6$>����@�DUH�VWDEOH�WKURXJK�RXW�D
WUDQVIHU��DQG�/$>�����@�PD\�FKDQJH�EHIRUH�D�WUDQVIHU�FRPSOHWHV��%$/(�LV�XVHG�LQ�D
JHQHULF�,6$�EXV�WR�ODWFK�WKH�/$�VLJQDOV�EHIRUH�WKH\�FKDQJH��7KH�5���(;�NHHSV�DOO���
DGGUHVVHV�VWDEOH�WKURXJK�RXW�DQ�HQWLUH�,6$�F\FOH��VR�WKHUH�LV�QR�QHHG�WR�ODWFK�WKHP��)RU
WKLV�VDPH�UHDVRQ��WKH�KLJK�RUGHU�DGGUHVV�ELWV�DUH�DOO�QDPHG�6$��HYHQ�WKRXJK�D�JHQHULF
,6$�EXV�GRHVQ·W�KDYH�6$>�����@��7KH�6$�RXWSXWV�IURP�WKH�5���(;�PD\�EH�XVHG�DV�HLWKHU
6$�DGGUHVVHV�RU�/$�DGGUHVVHV��DV�GHVLUHG�
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7DEOH�������,6$�%XV�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
6%+(� RXW

FVU
6\VWHP�%\WH�+LJK�(QDEOH�
7KLV�RXWSXW�LQGLFDWHV�D�GDWD�WUDQVIHU�RQ�6'>����@��WKH�XSSHU�E\WH�RI�WKH�,6$�GDWD�EXV������
ELW�GHYLFHV�XVH�6%+(��WR�FRQGLWLRQ�WKHLU�XSSHU�GDWD�EXV�EXIIHUV�

6'>����@ WWO�LR
FVU

6\VWHP�'DWD�
7KHVH�VLJQDOV�FRPSULVH�WKH�,6$�GDWD�EXV��7KH�5���(;�OLQNV�WKH�,6$�GDWD�EXV�WR�WKH�&38
GDWD�EXV����ELW�GHYLFHV�DOZD\V�XVH�6'>���@�RQO\��UHJDUGOHVV�RI�ZKHWKHU�WKH\�DUH�DW�DQ�RGG
RU�DQ�HYHQ�DGGUHVV�����ELW�GHYLFHV�XVH�6'>����@��DW�DQ�HYHQ�DGGUHVV�RQO\��DQG�PXVW
LQIRUP�WKH�5���(;�RI�WKHLU�FDSDELOLW\�E\�DVVHUWLQJ�HLWKHU�,2&6����RU�0(0&6����

60(05� RXW 6PDOO�0HPRU\�5HDG�6WUREH�
7KLV�FRPPDQG�VWUREH�RXWSXW�KDV�WKH�LGHQWLFDO�IXQFWLRQ�DQG�WLPLQJ�DV�0(05���H[FHSW�WKDW
LW�LV�IXUWKHU�TXDOLILHG�E\�EHLQJ�DVVHUWHG�RQO\�LQ�WKH�ORZHVW�PHJDE\WH�RI�,6$�PHPRU\
DGGUHVV�VSDFH��6$>�����@�  ����

60(0:� RXW 6PDOO�0HPRU\�:ULWH�6WUREH�
7KLV�FRPPDQG�VWUREH�RXWSXW�KDV�WKH�LGHQWLFDO�IXQFWLRQ�DQG�WLPLQJ�DV�0(0:���H[FHSW�WKDW
LW�LV�IXUWKHU�TXDOLILHG�E\�EHLQJ�DVVHUWHG�RQO\�LQ�WKH�ORZHVW�PHJDE\WH�RI�,6$�PHPRU\
DGGUHVV�VSDFH��6$>�����@�  ����

7DEOH�������5HDO�7LPH�&ORFN�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
57&B$6 RXW

��P$
5HDO�7LPH�&ORFN�$GGUHVV�6WUREH�
:KHQ�WKH�LQWHUQDO�5HDO�7LPH�&ORFN�PHJDFHOO�LV�GLVDEOHG��WKLV�RXWSXW�LV�WKH�DGGUHVV�ODWFK
VWUREH�IRU�WKH�H[WHUQDO�57&�FKLS��,W�W\SLFDOO\�LV�FRQQHFWHG�WR�WKH�$6�LQSXW�RI�DQ�0&������
FRPSDWLEOH�57&�FKLS�
$OWHUQDWH�)XQFWLRQ��57&B,54

57&B,54 RXW
��P$

5HDO�7LPH�&ORFN�,QWHUUXSW�
:KHQ�WKH�LQWHUQDO�5HDO�7LPH�&ORFN�PHJDFHOO�LV�HQDEOHG��WKLV�RXWSXW�LV�WKH�LQWHUUXSW
UHTXHVW�IURP�WKH�PHJDFHOO�WR�WKH�,QWHO����(;���,W�LV�FRPPRQO\�FRQQHFWHG�WR�WKH�,17��LQSXW
RI�WKH�,QWHO����(;��FRUUHVSRQGV�WR�,6$�,54���
$OWHUQDWH�)XQFWLRQ��57&B$6

57&B36 FPRV�LQ 5HDO�7LPH�&ORFN�3RZHU�6HQVH�

7KLV�LQSXW��ZKHQ�QHJDWHG��FOHDUV�WKH�957��YDOLG�5$0�DQG�WLPH��ELW�LQ�5HJLVWHU�'�RI
WKH�LQWHUQDO�5HDO�7LPH�&ORFN�PHJDFHOO��7KLV�LQGLFDWHV�WKDW�57&�EDWWHU\�SRZHU�KDV�IDLOHG�
DQG�WKDW�WKH�57&�QR�ORQJHU�KDV�YDOLG�5$0�RU�WLPH�
7KLV�LQSXW�EXIIHU�LV�SRZHUHG�E\�57&B9&&�DQG�LV�DFWLYH�HYHQ�ZKHQ�V\VWHP�SRZHU�LV�RII�

57&B5'� RXW
FVU

5HDO�7LPH�&ORFN�5HDG�6WUREH�
:KHQ�WKH�LQWHUQDO�5HDO�7LPH�&ORFN�PHJDFHOO�LV�GLVDEOHG��WKLV�RXWSXW�LV�WKH�UHDG�VWUREH�IRU
DQ�H[WHUQDO�57&�FKLS��,W�W\SLFDOO\�LV�FRQQHFWHG�WR�WKH�'6�LQSXW�RI�DQ�0&�������FRPSDWLEOH
57&�FKLS�
$OWHUQDWH�)XQFWLRQ��/('��
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7DEOH�������5HDO�7LPH�&ORFN�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
57&B:5� RXW

FVU
5HDO�7LPH�&ORFN�:ULWH�6WUREH�
:KHQ�WKH�LQWHUQDO�5HDO�7LPH�&ORFN�PHJDFHOO�LV�GLVDEOHG��WKLV�RXWSXW�LV�WKH�ZULWH�VWUREH�IRU
WKH�H[WHUQDO�57&�FKLS��,W�W\SLFDOO\�LV�FRQQHFWHG�WR�WKH�5�:�LQSXW�RI�DQ�0&������
FRPSDWLEOH�57&�FKLS�
$OWHUQDWH�)XQFWLRQ��/('��

57&B9&& SRZHU 5HDO�7LPH�&ORFN�9&&�
3URYLGHV�SRZHU�RQO\�WR�WKH�LQWHUQDO�5HDO�7LPH�&ORFN�PHJDFHOO��LWV�DVVRFLDWHG�EDWWHU\�
EDFNHG�&026�5$0��DQG�D�IHZ�DVVRFLDWHG�LQSXW�DQG�RXWSXW�EXIIHUV��,I�XVLQJ�WKH�LQWHUQDO
57&��FRQQHFW�WKLV�SLQ�WR�D�SRZHU�PDQDJHPHQW�FLUFXLW�WKDW�VZLWFKHV�EHWZHHQ�V\VWHP�9&&
DQG�D�EDFNXS�EDWWHU\��,I�QRW�XVLQJ�WKH�LQWHUQDO�57&��FRQQHFW�WKLV�SLQ�GLUHFWO\�WR�WKH�V\VWHP
9&&�SODQH�

57&B;� FPRV�LQ &U\VWDO�LQSXW�
7KH�LQSXW�VLGH�RI�WKH��������.+]�FU\VWDO�RVFLOODWRU�IRU�WKH�LQWHUQDO�5HDO�7LPH�&ORFN
PHJDFHOO��7KLV�LQSXW�PXVW�EH�JURXQGHG�ZKHQ�VXSSO\LQJ�DQ�H[WHUQDO�FORFN�WR�57&B;��
7KLV�LQSXW�EXIIHU�LV�SRZHUHG�E\�57&B9&&�DQG�LV�DFWLYH�HYHQ�ZKHQ�V\VWHP�SRZHU�LV�RII�
1RWH��3D\�FDUHIXO�DWWHQWLRQ�WR�KRZ�57&B;��DQG�57&B;��DUH�KRRNHG�XS��7KLV
DUUDQJHPHQW�LV�VRPHZKDW�GLIIHUHQW�IURP�RWKHU�RVFLOODWRU�FLUFXLWV�

57&B;� FPRV�LR
GULYHV
FU\VWDO�RQO\

&U\VWDO�LQSXW�RXWSXW�
7KH�RXWSXW�VLGH�RI�WKH��������.+]�FU\VWDO�RVFLOODWRU�IRU�WKH�LQWHUQDO�5HDO�7LPH�&ORFN
PHJDFHOO��7KLV�RXWSXW�VKRXOG�RQO\�EH�FRQQHFWHG�WR�D�FU\VWDO��VLQFH�LW�GRHVQ·W�KDYH�WKH
DELOLW\�WR�GULYH�RWKHU�ORDGV�
7R�XVH�WKH�LQWHUQDO�RVFLOODWRU��FRQQHFW�D�SDUDOOHO�UHVRQDQW�FU\VWDO�EHWZHHQ�57&B;��DQG
57&B;���$OVR��FRQQHFW�D���0HJRKP�UHVLVWRU�EHWZHHQ�57&B;��DQG�57&B9&&��)LQDOO\��D
������0HJRKP�UHVLVWRU�EHWZHHQ�57&B;��DQG�57&B;��PXVW��EH�LQVWDOOHG�WR�PDLQWDLQ
RVFLOODWLRQ�ZKHQ�RSHUDWLQJ�IURP�D�EDWWHU\��HVSHFLDOO\�WKURXJK�WKH�V\VWHP�SRZHU�XS�DQG
SRZHU�GRZQ�WUDQVLWLRQV�
7R�VXSSO\�DQ�H[WHUQDO��������.+]�FORFN��JURXQG�57&B;��DQG�XVH�57&B;��DV�WKH�FORFN
LQSXW�
7KH�5���(;�QHHGV�D��������.+]�FORFN�HYHQ�LI�XVLQJ�DQ�H[WHUQDO�57&�FKLS��7KH�FORFN�LV
QHHGHG�IRU�'5$0�UHIUHVK��DV�WKH�VRXUFH�RI�&/.�287�ZKHQ�WKH�,QWHO����(;�LV�LQ
SRZHUGRZQ�PRGH��DQG�DV�WKH�FORFN�IRU�WKH�60,�WLPHU�
7KLV�RXWSXW�EXIIHU�LV�SRZHUHG�E\�57&B9&&�DQG�LV�DFWLYH�HYHQ�ZKHQ�V\VWHP�SRZHU�LV�RII�
1RWH��3D\�FDUHIXO�DWWHQWLRQ�WR�KRZ�57&B;��DQG�57&B;��DUH�KRRNHG�XS��7KLV
DUUDQJHPHQW�LV�VRPHZKDW�GLIIHUHQW�IURP�RWKHU�RVFLOODWRU�FLUFXLWV�
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7DEOH�������8VHU�&KLS�6HOHFWV�DQG�)ODVK�%,26�,QWHUIDFH

6LJQDO 7\SH 'HVFULSWLRQ
&(B%,26� RXW

FVU
%,26�&KLS�(QDEOH�
7KLV�RXWSXW�LV�WKH�FKLS�VHOHFW�IRU�WKH�V\VWHP�%,26��,W�W\SLFDOO\�LV�FRQQHFWHG�WR�WKH�&(�
LQSXW�RI�WKH�%,26�FKLS��7KH�%,26�PXVW�UHVLGH�RQ�WKH�,QWHO����(;�ORFDO�EXV��VLQFH�WKH
5���(;�GRHV�QRW�SDVV�%,26�DGGUHVV�RU�GDWD�EHWZHHQ�WKH�ORFDO�EXV�DQG�WKH�,6$�EXV��7KH
5���(;�PD\�EH�FRQILJXUHG�IRU�WKH�UDQJH�RI��ORFDO�EXV�DGGUHVVHV�IRU�ZKLFK�LW�ZLOO�DVVHUW
&(B%,26��

&6B865>���@� RXW
FVU

8VHU�3URJUDPPDEOH�&KLS�6HOHFWV�
7KHVH�RXWSXWV�DUH�SURJUDPPDEOH�FKLS�VHOHFWV�IRU�,�2�GHYLFHV�ORFDWHG�RQ�WKH�,6$�EXV�
(DFK�RXWSXW�LV�DVVHUWHG�EDVHG�RQ�D�GHFRGH�RI�D�YDULDEOH�VL]H�,6$�,�2�DGGUHVV��EHWZHHQ��
DQG������E\WHV�
(DFK�GHFRGH�PD\�RSWLRQDOO\�EH�TXDOLILHG�WKH�DGGUHVV�DORQH��RU�E\�WKH�DGGUHVV�EHLQJ
ORJLFDOO\�$1'HG�ZLWK�,25���RU�ZLWK�,2:���RU�ZLWK�>,25��RU�,2:�@�
,Q�DGGLWLRQ��HDFK�GHFRGH�PD\�DOVR�RSWLRQDOO\�DVVHUW�,2&6�����7KLV�DVVHUWLRQ�RI�,2&6���
LV�XVHG�LQWHUQDOO\�WR�VHOHFW�HLWKHU���ELW�RU����ELW�,�2�GHYLFHV�DQG�WKH�FRUUHVSRQGLQJ�GDWD
VWHHULQJ��EXW�LW�LV�QRW�GULYHQ�RXW�RQ�WKH�,2&6����SLQ�
$OVR��FRPELQDWLRQV�RI�WKH�IRXU�TXDOLILHG�GHFRGHV�PD\�RSWLRQDOO\�EH�25HG�WRJHWKHU�WR
FUHDWH�D�FKLS�VHOHFW�V��ZLWK�´KROHVµ�LQ�WKH�GHFRGHG�DGGUHVV�UDQJH�V��
)LQDOO\��WKH�&6B865���RXWSXW�PD\�RSWLRQDOO\�EH�LQWHUQDOO\�FRQQHFWHG�DV�DQ�LQSXW�WKDW
UHVWDUWV�WKH�LQWHUQDO�60,�DFWLYLW\�WLPHU�
$OWHUQDWH�)XQFWLRQV�
����������&6B865���LV�PXOWLSOH[HG�ZLWK�',2��
����������&6B865���LV�PXOWLSOH[HG�ZLWK�',2��
����������&6B865���LV�PXOWLSOH[HG�ZLWK�',2��
����������&6B865���LV�PXOWLSOH[HG�ZLWK�',2��

)5&B83'� WWO�LQ )RUFH�8SGDWH�
7KLV�LQSXW�PD\�EH�UHDG�IURP�ELW����RI�WKH�60,�&RQWURO�6WDWXV�5HJLVWHU��7\SLFDOO\��D�SXOO�XS
UHVLVWRU�LV�FRQQHFWHG�WR�WKH�LQSXW��DQG�D�JURXQG�VKXQW�MXPSHU�LV�LQVHUWHG�WR�QRWLI\�WKH
%,26�WR�IRUFH�D�UH�IODVK�XSGDWH�RI�WKH�%,26�FRQWHQWV�HYHQ�WKRXJK�WKH�%,26�FKHFNVXP
PD\�EH�YDOLG�
1RWH��%HFDXVH�WKH�%,26�H[DPLQHV�WKLV�LQSXW�RQO\�DIWHU�D�UHVHW��LW�LV�DOVR�XVHG�DQ�H[WHUQDO
60,�LQSXW��7KHUH�LV�D�VLPSOH�ZD\�WR�XVH�ERWK�IXQFWLRQV�WRJHWKHU��7KH�JURXQG�VKXQW�LV�VWLOO
SODFHG�GLUHFWO\�DW�WKH�LQSXW�SLQ��EXW�LQVWHDG�RI�XVLQJ�D�SXOO�XS�UHVLVWRU��D�VHULHV�UHVLVWRU�LV
FRQQHFWHG�EHWZHHQ�WKH�LQSXW�SLQ�DQG�WKH�H[WHUQDO�ORJLF�WKDW�DVVHUWV�(;760,����$IWHU
UHVHW��LI�WKH�H[WHUQDO�ORJLF�NHHSV�(;760,���QHJDWHG��KLJK��XQWLO�DIWHU�WKH�%,26�KDV
H[DPLQHG�WKH�)5&B83'��LQSXW��WKHQ�WKH�H[WHUQDO�ORJLF�DQG�VHULHV�UHVLVWRU�WRJHWKHU�DFW
OLNH�D�SXOO�XS�UHVLVWRU�
$OWHUQDWH�)XQFWLRQ��(;760,��

:(B$3� WWO�LQ $SSOLFDWLRQ�)ODVK�:ULWH�(QDEOH�
7KLV�LQSXW��LQ�FRQMXQFWLRQ�ZLWK�ELW���RI�WKH�%,26�&RQWURO�5HJLVWHU��HQDEOHV�ZULWHV�WR�)ODVK
PHPRU\�LQ�WKH�UHJLRQ�QRW�RFFXSLHG�E\�WKH�%,26�
$W�WKH�WRS�RI�WKH�,QWHO����(;�DGGUHVV�VSDFH��WKLV�DIIHFWV�DGGUHVVHV
������)�����K�WKURXJK��)'))))K�LI�WKH�)ODVK�VL]H�LV�VHOHFWHG�WR�EH��0%
RU���������K�WKURXJK��)'))))K�LI�WKH�)ODVK�VL]H�LV�VHOHFWHG�WR�EH���0%
%HORZ�WKH��0%�DGGUHVV�ERXQGDU\��WKLV�DIIHFWV�WKH�PHPRU\�UHJLRQ�DW�DGGUHVVHV�&����K
WKURXJK�'))))K�
$OWHUQDWH�)XQFWLRQ��',2�
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7DEOH�������8VHU�&KLS�6HOHFWV�DQG�)ODVK�%,26�,QWHUIDFH

6LJQDO 7\SH 'HVFULSWLRQ
:(B%,26� WWO�LQ %,26�:ULWH�(QDEOH�

7KLV�LQSXW��LQ�FRQMXQFWLRQ�ZLWK�ELW���RI�WKH�%,26�&RQWURO�5HJLVWHU��HQDEOHV�ZULWHV�WR�WKH
%,26�UHJLRQ�RI�WKH�)ODVK�GHYLFH��7KH�%,26�UHJLRQ�LV�WKH�WRS����.�RI�WKH�)ODVK�PHPRU\�
ERWK�DW�WKH�WRS�RI�WKH�,QWHO����(;�DGGUHVV�VSDFH�DQG�MXVW�EHORZ�WKH��0%�DGGUHVV
ERXQGDU\��,Q�RWKHU�ZRUGV��DGGUHVVHV
���������)(����K�WKURXJK��))))))K
DQG����(����K�WKURXJK���)))))K�
1RWH��'RQ·W�FRQIXVH�WKLV�VLJQDO�ZLWK�VLPLODUO\�QDPHG�VLJQDO�:(B)/$6+��
$OWHUQDWH�)XQFWLRQ��',2�

:(B)/$6+� RXW
FVU

)ODVK�:ULWH�(QDEOH�
7KLV�RXWSXW�LV�WKH�ZULWH�HQDEOH�IRU�WKH�V\VWHP�%,26�DQG�DSSOLFDWLRQ�)ODVK�PHPRU\��,W
W\SLFDOO\�LV�FRQQHFWHG�WR�WKH�:(��LQSXW�RI�WKH�%,26�FKLS��,W�LV�JDWHG�E\�:(B$3���DQG
:(B%,26���DQG�WKHLU�FRUUHVSRQGLQJ�UHJLVWHU�ELWV�
1RWH��'RQ·W�FRQIXVH�WKLV�VLJQDO�ZLWK�VLPLODUO\�QDPHG�VLJQDO�:(B%,26��

7DEOH������.H\ERDUG�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
&6B.%� RXW

��P$
RSHQ
GUDLQ

.H\ERDUG�&RQWUROOHU�&KLS�6HOHFW�
7KLV�SLQ�LV�ERWK�WKH�%,26�PDQXIDFWXULQJ�ORRS�LQSXW�DQG�WKH�FKLS�VHOHFW�RXWSXW�IRU�DQ
H[WHUQDO�NH\ERDUG�FRQWUROOHU�
5HJDUGOHVV�RI�ZKHWKHU�WKH�LQWHUQDO�NH\ERDUG�FRQWUROOHU�PHJDFHOO�LV�HQDEOHG�RU�QRW��WKLV
RXWSXW�LV�DVVHUWHG�IRU�,6$�,�2�DFFHVVHV�WR�DGGUHVVHV���K�RU���K��%HFDXVH�WKLV�RXWSXW�LV
RSHQ�GUDLQ��WKHUH�LV�QR�QHHG�IRU�D�PRGH�ELW�WR�VHOHFW�EHWZHHQ�WKH�0)*B/223��LQSXW�DQG
WKH�&6B.%��RXWSXW�IXQFWLRQV��7KH�VWDWH�RI�WKLV�SLQ�PD\�EH�UHDG�IURP�ELW����RI�60,
&RQWURO�6WDWXV�5HJLVWHU�
:KHQ�XVLQJ�DQ�H[WHUQDO�NH\ERDUG�FRQWUROOHU��FRQQHFW�D�SXOO�XS�UHVLVWRU�WR�WKLV�RXWSXW�DQG
FRQQHFW�WKLV�RXWSXW�WR�WKH�FKLS�VHOHFW�LQSXW�RI�WKH�H[WHUQDO�FRQWUROOHU�

$OWHUQDWH�)XQFWLRQ��0)*B/223�

.%B&/. FPRV�LR
FVU
RSHQ�GUDLQ
VFKPLWW

.H\ERDUG�&ORFN�
7KLV�EL�GLUHFWLRQDO�RSHQ�GUDLQ�VLJQDO�LPSOHPHQWV�WKH�,%0�36���SURWRFRO�IRU�WKH�NH\ERDUG
FORFN�

$OWHUQDWH�)XQFWLRQ��'2��

.%B'$7$ FPRV�LR
FVU
RSHQ�GUDLQ
VFKPLWW

.H\ERDUG�'DWD�
7KLV�EL�GLUHFWLRQDO�RSHQ�GUDLQ�VLJQDO�LPSOHPHQWV�WKH�,%0�36���SURWRFRO�IRU�NH\ERDUG�GDWD�

$OWHUQDWH�)XQFWLRQ��'2��

.%B,54 RXW
FVU

.H\ERDUG�,QWHUUXSW�
7KLV�RXWSXW�LV�WKH�LQWHUUXSW�IURP�WKH�LQWHUQDO�NH\ERDUG�FRQWUROOHU��,W�W\SLFDOO\�LV�FRQQHFWHG�WR
WKH�,172�LQSXW�RI�WKH�,QWHO����(;��ZKLFK�FRUUHVSRQGV�WR�,6$�,54��
$OWHUQDWH�)XQFWLRQ��'2��
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7DEOH������.H\ERDUG�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
0)*B/223� FPRV�LQ 0DQXIDFWXULQJ�ORRS�

7KLV�SLQ�LV�ERWK�WKH�%,26�PDQXIDFWXULQJ�ORRS�LQSXW�DQG�WKH�FKLS�VHOHFW�RXWSXW�IRU�DQ
H[WHUQDO�NH\ERDUG�FRQWUROOHU�
7KLV�LQSXW�PD\�EH�UHDG�IURP�ELW����RI�WKH�60,�&RQWURO�6WDWXV�5HJLVWHU�RU�IURP�WKH�SRUW
3����RI�WKH�LQWHUQDO�NH\ERDUG�FRQWUROOHU��7\SLFDOO\��D�SXOO�XS�UHVLVWRU�LV�FRQQHFWHG�WR�WKH
LQSXW��DQG�D�JURXQG�VKXQW�MXPSHU�LV�LQVHUWHG�WR�QRWLI\�WKH�%,26�WR�SHUIRUP�D
PDQXIDFWXULQJ�WHVW�ORRS�
1RWH��:KHQ�XVLQJ�DQ�H[WHUQDO�NH\ERDUG�FRQWUROOHU��D�JURXQG�VKXQW�ZRXOG�LQWHUIHUH�ZLWK�WKH
FKLS�VHOHFW�RXWSXW�IXQFWLRQ�RI�WKLV�SLQ��,Q�WKLV�FDVH��D�SXOO�XS�UHVLVWRU�DQG�JURXQG�VKXQW
PD\�LQVWHDG�EH�FRQQHFWHG�WR�3����RI�WKH�H[WHUQDO�NH\ERDUG�FRQWUROOHU��7KH�YDOXH�RI�3���
PD\�WKHQ�EH�UHDG�E\�LVVXLQJ�DSSURSULDWH�FRPPDQGV�WR�WKH�H[WHUQDO�FRQWUROOHU�
$OWHUQDWH�)XQFWLRQ��&6B.%�

02B&/. FPRV�LR
FVU
RSHQ�GUDLQ
VFKPLWW

0RXVH�&ORFN�
7KLV�EL�GLUHFWLRQDO�RSHQ�GUDLQ�VLJQDO�LPSOHPHQWV�WKH�,%0�36���SURWRFRO�IRU�WKH�PRXVH
FORFN�
�
$OWHUQDWH�)XQFWLRQ��'2��

02B'$7$ FPRV�LR
FVU
RSHQ�GUDLQ
VFKPLWW

0RXVH�'DWD�
7KLV�EL�GLUHFWLRQDO�RSHQ�GUDLQ�VLJQDO�LPSOHPHQWV�WKH�,%0�36���SURWRFRO�IRU�PRXVH�GDWD�

$OWHUQDWH�)XQFWLRQ��'2��

02B,54 RXW
FVU

0RXVH�,QWHUUXSW�
7KLV�RXWSXW�LV�WKH�LQWHUUXSW�IURP�WKH�LQWHUQDO�PRXVH�FRQWUROOHU���7KLV�RXWSXW�VKRXOG�QRUPDOO\
EH�KRRNHG�WR�WKH�,QWHO���(;
V�,54������SLQ�ZKLFK�LV�DYDLODEOH�DV�DQ�,54���LQSXW�RQ
,QWHO����(;�%�VWHS�DQG�ODWHU�GHYLFHV�
$OWHUQDWH�)XQFWLRQ��'2��
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7DEOH�������,'(�DQG�0LVFHOODQHRXV�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
$&7,9,7<� WWO�LQ $FWLYLW\�

:KHQ�DVVHUWHG��WKLV�LQSXW�LQGLFDWHV�WKDW�V\VWHP�DFWLYLW\�LV�RFFXUULQJ��7KLV�UHORDGV�WKH
5���(;�60,�WLPHU�ZLWK�LWV�VWDUWLQJ�YDOXH�
$OWHUQDWH�)XQFWLRQ��',2�

(;760,>���@� WWO�LQ ([WHUQDO�6\VWHP�0DQDJHPHQW�,QWHUUXSW�
7KHVH�WZR�LQSXWV�DOORZ�H[WHUQDO�GHYLFHV�WR�25�WKHLU�LQWHUUXSW�UHTXHVWV�LQWR�WKH�60,�
RXWSXW�IURP�WKH�5���(;�WR�WKH�,QWHO����(;�LQSXW��7KH\�PD\�EH�PDVNHG�E\��ELWV���DQG���RI
WKH�60,�&RQWURO�6WDWXV�5HJLVWHU�
$OWHUQDWH�)XQFWLRQV�
����������(;760,���LV�PXOWLSOH[HG�ZLWK�)5&B83'��
����������(;760,���LV�PXOWLSOH[HG�ZLWK�:'7,1�

)/2$7� FPRV�LQ
SXOO�XS

)ORDW�$OO�2XWSXWV�
:KHQ�DVVHUWHG��WKLV�LQSXW�SODFHV�WKH�5���(;�LQWR�D�WHVW�PRGH���$OO�RXWSXW�DQG�,�2�SLQV�DUH
WULVWDWHG��7KH�LQWHUQDO�1$1'�FKDLQ�LV�HQDEOHG��FRQQHFWLQJ�DOO�SDFNDJH�SLQV�H[FHSW�IRU
SRZHU�DQG�JURXQG�SLQV��7KLV�DOORZV�SDUDPHWULF�WHVWLQJ�RI�DOO�VLJQDOV�DW�FKLS�IDEULFDWLRQ
WLPH��DQG�DOVR�DOORZV�$7(�WHVWLQJ�RI�WKH�5���(;�LQ�D�V\VWHP��7KH�RXWSXW�RI�WKH�FKDLQ�LV
1$1'B287�

,'(B'� WWO�LR
FVU

,'(�'DWD�ELW���
7KLV�VLJQDO�FRQQHFWV�WR�,'(�LQWHUIDFH�GDWD�ELW����,6$�,�2�DGGUHVV��)�K�LV�VKDUHG�EHWZHHQ
DQ�,'(�GHYLFH�DQG�D�IORSS\�GLVN�FRQWUROOHU��7KH�5���(;�UHVROYHV�WKLV�FRQIOLFW�IRU�ELW�'��E\
EL�GLUHFWLRQDOO\�EXIIHULQJ�'��EHWZHHQ�WKH�6'�EXV�DQG�WKH�,'(�LQWHUIDFH�IRU�DOO�,'(�,�2
DGGUHVVHV��H[FHSW�IRU�WKH�VKDUHG�DGGUHVV���)�K���)RU�WKLV�FDVH��'��LV�EL�GLUHFWLRQDOO\
EXIIHUHG��WKURXJK�WKH�5���(;���WR�6'��WR�VXSSRUW�D�IORSS\�GLVN�FRQWUROOHU��,I�WKH�,'(
LQWHUIDFH�LV�HQDEOHG��WKHUH�LV�QR�ZD\�WR�GLVDEOH�WKLV�UHEXIIHULQJ��7KHUHIRUH��,'(�GDWD�ELW��
PXVW�DOZD\V�FRQQHFW�WKURXJK�WKH�5���(;��HYHQ�LI�WKH�V\VWHP�GHVLJQ�LV�VXFK�WKDW�DOO�WKH
RWKHU�,'(�GDWD�ELWV�DUH�FRQQHFWHG�GLUHFWO\�WR�WKH�6'�EXV�ZLWKRXW�DQ�LQWHUYHQLQJ�GDWD
WUDQVFHLYHU�
$OWHUQDWH�)XQFWLRQ��',2��

,'(B(1+� RXW
FVU

,'(�(QDEOH�+LJK�
7KLV�RXWSXW�HQDEOHV�DQ�RSWLRQDO�KLJK�E\WH�GDWD�WUDQVFHLYHU�LQ�WKH�,'(�LQWHUIDFH��7KLV
WUDQVFHLYHU�FRQQHFWV�6'>����@�WR�,'(�GDWD�EXV�>����@��7KLV�RXWSXW�LV�DVVHUWHG�RQO\�IRU����
ELW�UHDGV�WR�,6$�,�2�DGGUHVV��)�K�
$OWHUQDWH�)XQFWLRQ��',2��

,'(B(1/� RXW
FVU

,'(�(QDEOH�/RZ�
7KLV�RXWSXW�HQDEOHV�DQ�RSWLRQDO�ORZ�E\WH�GDWD�WUDQVFHLYHU�LQ�WKH�,'(�LQWHUIDFH��7KLV
WUDQVFHLYHU�FRQQHFWV�6'>���@�WR�,'(�GDWD�EXV�>���@��7KH�WUDQVFHLYHU�PXVW�QRW�FRQQHFW�WR
6'���7KH�5���(;�UHEXIIHUV�WKDW�ELW�GLUHFWO\��XVLQJ�VLJQDO�,'(B'��
$OWHUQDWH�)XQFWLRQ��',2��

,'(B5'� RXW
FVU

,'(�,�2�5HDG�6WUREH�
:KHQ�QRW�XVLQJ�,'(�3,2�PRGH����WKLV�RXWSXW�LV�LGHQWLFDO�WR�WKH�,25��RXWSXW��,Q�,'(�3,2
PRGH����WKLV�RXWSXW�VZLWFKHV�PXFK�PRUH�TXLFNO\�WKDQ�LW�ZRXOG�IRU�D�VWDQGDUG�,6$�,�2�UHDG
F\FOH��7KLV�DOORZV�PXFK�IDVWHU�WUDQVIHU�UDWHV�EHWZHHQ�WKH�,'(�GHYLFH�WKDQ�ZRXOG�RWKHUZLVH
EH�SRVVLEOH�
$OWHUQDWH�)XQFWLRQ��',2�
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7DEOH�������,'(�DQG�0LVFHOODQHRXV�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ
,'(B:5� RXW

FVU
,'(�,�2�:ULWH�6WUREH�
:KHQ�QRW�XVLQJ�,'(�3,2�PRGH����WKLV�RXWSXW�LV�LGHQWLFDO�WR�WKH�,2:��RXWSXW��,Q�,'(�3,2
PRGH����WKLV�RXWSXW�VZLWFKHV�PXFK�PRUH�TXLFNO\�WKDQ�LW�ZRXOG�IRU�D�VWDQGDUG�,6$�,�2�ZULWH
F\FOH��7KLV�DOORZV�PXFK�IDVWHU�WUDQVIHU�UDWHV�EHWZHHQ�WKH�,'(�GHYLFH�WKDQ�ZRXOG�RWKHUZLVH
EH�SRVVLEOH�
$OWHUQDWH�)XQFWLRQ��',2�

1$1'B287 RXW
��P$

1$1'�&KDLQ�2XW�
,I�)/2$7��LV�DVVHUWHG��WKLV�LV�WKH�RXWSXW�RI�D�1$1'�FKDLQ�WKDW�FRQQHFWV�DOO�RWKHU�SDFNDJH
SLQV��H[FHSW�IRU�SRZHU�SLQV��JURXQG�SLQV��DQG�WKH�5HDO�7LPH�&ORFN�SLQV�WKDW�DUH�SRZHUHG
E\�57&B9&&��7KLV�DOORZV�SDUDPHWULF�WHVWLQJ�RI�PRVW�VLJQDOV�DW�FKLS�IDEULFDWLRQ�WLPH��DQG
DOVR�DOORZV�$7(�WHVWLQJ�RI�WKH�5���(;�LQ�D�V\VWHP�
7KH�H[DFW�RUGHULQJ�RI�WKH�1$1'�JDWHV�LV�WR�EH�VSHFLILHG�
,I�)/2$7��LV�QHJDWHG��WKLV�RXWSXW�LV�26&2))��
$OWHUQDWH�)XQFWLRQ��26&2))�

26&2))� RXW
��P$

'LVDEOH�([WHUQDO�&/.��2VFLOODWRU�
:KHQ�)/2$7��LV�QHJDWHG��WKLV�RXWSXW�LQGLFDWHV�WKDW�WKH�5���(;�KDV�HQWHUHG�D�ORZ�SRZHU
VWDQGE\�PRGH��DQG�WKDW�WKH�H[WHUQDO�&/.��RVFLOODWRU�PD\�EH�VZLWFKHG�RII�WR�FRQVHUYH
SRZHU�
:KHQ��)/2$7��LV�DVVHUWHG��WKLV�RXWSXW�LV�1$1'B287�
$OWHUQDWH�)XQFWLRQ��1$1'B287

63.5B,1 WWO�LQ 6SHDNHU�,Q�
7KLV�LQSXW�IHHGV�LQWR�DQ�LQWHUQDO�;25�JDWH�WKDW�JHQHUDWHV�63.5B287��,W�PD\�EH�XVHG�E\
H[WHUQDO�GHYLFHV��VXFK�DV�3&0&,$�PRGHP�FDUGV��WKDW�ZDQW�WR�FRPELQH�WKHLU�DXGLR�RXWSXW
ZLWK�WKH�DXGLR�RXWSXW�IURP�WKH�,QWHO����(;������WLPHU���
$OWHUQDWH�)XQFWLRQ��',2��

63.5B287 RXW
�P$
FVU

6SHDNHU�2XW�
7KLV�RXWSXW�LV���ELW���RI�WKH�5���(;�3RUW%�5HJLVWHU�$1'HG�ZLWK�WKH�705287��LQSXW�IURP
WKH�,QWHO����(;������WLPHU����;25HG�ZLWK�WKH�63.5B,1�LQSXW��7KH�$1'�LV�DQ�HQDEOH
IXQFWLRQ�GHILQHG�E\�WKH�$7�DUFKLWHFWXUH��ZKLOH�WKH�;25�DOORZV�DQRWKHU�GHYLFH�WR�FRPELQH
LWV�DXGLR�ZLWK�,QWHO����(;������WLPHU���
$OWHUQDWH�)XQFWLRQ��',2��

705*$7(� RXW
��P$

7LPHU�*DWH���
7KLV�RXWSXW�LV�ELW���RI�WKH�5���(;�3RUW%�5HJLVWHU��&RQQHFW�WKLV�VLJQDO�GLUHFWO\�WR�WKH
FRUUHVSRQGLQJ�,QWHO����(;�LQSXW��7KLV�SURYLGHV�DQ�HDV\�ZD\�IRU�DQ�DSSOLFDWLRQ�WR�FRQWURO
,QWHO����(;������WLPHU����DQG�LV�FRPSDWLEOH�ZLWK�WKH�$7�DUFKLWHFWXUH�

705287� WWO�LQ 7LPHU�2XW���
&RQQHFW�WKLV�LQSXW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�,QWHO����(;�RXWSXW��7KLV�LQSXW�LV�UHDGDEOH
LQ�WKH�5���(;�3RUW%�5HJLVWHU��DQG�DOVR�FRPELQHV�ZLWK�LQWHUQDO�ORJLF�EHIRUH�EHLQJ�RXWSXW
RQ�63.5B287�
$OWHUQDWH�)XQFWLRQ��',2��
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7DEOH��������'LJLWDO�,�2��'LJLWDO�2XWSXWV��/('�2XWSXWV

6LJQDO 7\SH 'HVFULSWLRQ
',2>����@ ',2��DQG

',2�
DUH
FPRV�LR
$OO�RWKHUV
DUH�WWO�LR
FVU

'LJLWDO�,QSXWV�2XWSXWV�
7KH�5���(;�KDV�XS�WR����GLJLWDO�,�2�SLQV��,Q�RUGHU�WR�VDYH�SDFNDJH�SLQV��WKH\�DUH�HDFK
PXOWLSOH[HG�ZLWK�DQ�DOWHUQDWH�IXQFWLRQ�
(DFK��SLQ�PD\�LQGLYLGXDOO\�EH�FRQILJXUHG�IRU�GLJLWDO�,�2�RU�IRU�WKH�DOWHUQDWH�IXQFWLRQ�WKURXJK
WKH�',2B&)*�5HJLVWHU��7KLV�FRQILJXUDWLRQ�UHJLVWHU�LV�LQLWLDOL]HG��LQ�WKUHH�JURXSV�RI�ELWV��E\
WKH�VWDWH�RI��0$>���@�DW�SRZHU�XS�
(DFK�,�2�VLJQDO�LV�LQGLYLGXDOO\�SURJUDPPDEOH�DV�HLWKHU�DQ�LQSXW�RU�DQ�RXWSXW�WKURXJK�WKH
',2B',5�5HJLVWHU��7KLV�UHJLVWHU�LV�FOHDUHG�DW�SRZHU�XS��VR�DOO�,�2�VLJQDOV�VWDUW�RXW�DV
LQSXWV�
0RVW�SLQV�PD\�EH�G\QDPLFDOO\�VZLWFKHG�EHWZHHQ�GLJLWDO�,�2�DQG�WKHLU�DOWHUQDWH�IXQFWLRQV�
7KHUH�LV�RQH�H[FHSWLRQ��,I�',2>���@�DUH�127�FRQILJXUHG�DW�SRZHU�XS�WR�EH�,�2��WKHQ�WKH\
FDQ�QRW�EH�G\QDPLFDOO\�VZLWFKHG�WR�,�2�ODWHU��7KLV�LV�EHFDXVH�WKHLU�DOWHUQDWH�IXQFWLRQ�LV�WR
DOORZ�H[WHUQDO�MXPSHUV�WR�VHOHFWLYHO\�SURWHFW�YDULRXV�UHJLRQV�RI�WKH�V\VWHP�%,26�DQG�)ODVK
PHPRU\�IURP�DOWHUDWLRQ��,I�WKHVH�SLQV�ZHUH�DOORZHG�WR�EHFRPH�,�2��DQ�HUUDQW�DSSOLFDWLRQ
SURJUDP�FRXOG�E\SDVV�WKH�SURWHFWLRQ�PHFKDQLVP�
$OWHUQDWH�)XQFWLRQV��VHOHFWHG�E\�0$���
����������',2���LV�PXOWLSOH[HG�ZLWK�705287��
����������',2���LV�PXOWLSOH[HG�ZLWK�63.5B287�
����������',2���LV�PXOWLSOH[HG�ZLWK�63.5B,1�
����������',2���LV�PXOWLSOH[HG�ZLWK�,'(B(1/��
����������',2���LV�PXOWLSOH[HG�ZLWK�,'(B(1+��
����������',2���LV�PXOWLSOH[HG�ZLWK�,'(B'��
����������',2����LV�PXOWLSOH[HG�ZLWK�,'(B5'��
����������',2����LV�PXOWLSOH[HG�ZLWK�,'(B:5��
$OWHUQDWH�)XQFWLRQV��VHOHFWHG�E\�0$���
����������',2����LV�PXOWLSOH[HG�ZLWK�$&7,9,7<��
����������',2����LV�PXOWLSOH[HG�ZLWK�:(B%,26��
����������',2����LV�PXOWLSOH[HG�ZLWK�:(B$3��
����������',2����LV�PXOWLSOH[HG�ZLWK�4'$&.���
$OWHUQDWH�)XQFWLRQV��VHOHFWHG�E\�0$���
����������',2����LV�PXOWLSOH[HG�ZLWK�&6B865���
����������',2����LV�PXOWLSOH[HG�ZLWK�&6B865���
����������',2����LV�PXOWLSOH[HG�ZLWK�&6B865���
����������',2����LV�PXOWLSOH[HG�ZLWK�&6B865���

'2>�����@ RXW
FVU

'LJLWDO�2XWSXWV�
7KH�5���(;�KDV�XS�WR�VL[�GLJLWDO�RXWSXW�SLQV��,Q�RUGHU�WR�VDYH�SDFNDJH�SLQV��WKH\�DUH�DOO
PXOWLSOH[HG�ZLWK�DOWHUQDWH�IXQFWLRQV��7KH�SLQV�PD\�EH�VHOHFWHG�LQ�WZR�JURXSV�IRU�XVH�DV
GLJLWDO�RXWSXW�RU�IRU�XVH�LQ�WKHLU�DOWHUQDWH�IXQFWLRQV�
,I�WKH�LQWHUQDO�.H\ERDUG�&RQWUROOHU�PHJDFHOO�LV�HQDEOHG��WKHQ�DOO�SLQV�LQLWLDOL]H�WR�NH\ERDUG
RU�PRXVH�IXQFWLRQV��,I�WKH�PHJDFHOO�LV�GLVDEOHG��DOO�SLQV�LQLWLDOL]H�WR�GLJLWDO�RXWSXWV�DQG�WKHLU
LQLWLDO�RXWSXW�OHYHO�PD\�EH�VHW��DV�D�JURXS��E\�WKH�VWDWH�RI�0$>�@�DW�SRZHU�XS�
$OWHUQDWH�)XQFWLRQV��VHOHFWHG�E\�0$���
����������'2���LV�PXOWLSOH[HG�ZLWK�02B,54�
����������'2���LV�PXOWLSOH[HG�ZLWK�02B'$7$�
����������'2���LV�PXOWLSOH[HG�ZLWK�02B&/.�
����������'2���LV�PXOWLSOH[HG�ZLWK�.%B&/.�
����������'2���LV�PXOWLSOH[HG�ZLWK�.%B'$7$�
����������'2���LV�PXOWLSOH[HG�ZLWK�.%B,54�
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7DEOH��������'LJLWDO�,�2��'LJLWDO�2XWSXWV��/('�2XWSXWV

6LJQDO 7\SH 'HVFULSWLRQ
/('>���@� RXW

FVU
/('�2XWSXWV�
:KHQ�WKH�LQWHUQDO�5HDO�7LPH�&ORFN�PHJDFHOO�LV�HQDEOHG��WKHVH�RXWSXWV�DUH�FRQWUROOHG�E\
WKH�/('�5HJLVWHU��/('���LV�LQLWLDOL]HG�E\�D�KDUGZDUH�UHVHW�WR�EXIIHU�DQG�RXWSXW�WKH
57&B;��LQSXW��QRUPDOO\�������.+]����7KH�/('�&RQWURO�5HJLVWHU�GHWHUPLQHV�WKH�H[DFW
/('�GULYH�FRQWURO�IXQFWLRQV�SHUIRUPHG�E\�WKHVH�SLQV�
$OWHUQDWH�)XQFWLRQ�
����������/('���LV�PXOWLSOH[HG�ZLWK�57&B:5��
����������/('���LV�PXOWLSOH[HG�ZLWK�57&B5'��
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The R380EX connects directly to the Intel386 EX CPU
local bus. There are three types of bus cycles from the
Intel386 EX, and the R380EX supports them all:

��� /%$�F\FOHV

��� /'(9�F\FOHV

��� %XV�F\FOHV�KDQGOHG�E\�WKH�5���(;:

• DRAM references

• Intel386 EX initiated Refresh

• Internal registers

• ISA/Xbus cycles

• Halt/shutdown

• Interrupt Acknowledge

• DMA cycle

/%$�&<&/(6
The Intel386 EX completely defines and controls LBA
cycles. They are denoted by the assertion of LBA# by
the Intel386 EX. LBA# cycles are accesses to either the
internal Intel386 EX peripherals, or devices selected by
the Intel386 EX chip-select unit. LBA# indicates that
the Intel386 EX will assert READY# itself to terminate
the cycle.

The R380EX ignores cycles with LBA# asserted and
waits for the next ADS.  The timing of LBA# from the
Intel386 EX is such that the R380EX must wait to
sample it until the end of the first T2 state of the cycle.
Because the R380EX starts DRAM cycles at the end of
the first T1 state which is much earlier, LBA must not
be asserted for memory addresses that would otherwise
access the DRAM. ISA cycles (including accesses to the
R380EX internal peripherals and registers) are not
started until the second T2 state of a cycle. LBA# will
inhibit those ISA cycles.

If the address is in the range defined by the BIOS
Control Register, the R380EX will assert CE_BIOS#.
This allows CE_BIOS# to be used during initial power-
up, before the BIOS has been able to configure the
R380EX. However, the R380EX will never assert
WE_FLASH# during an LBA# cycle.

/'(9�&<&/(6
LDEV# cycles are controlled primarily by another local
bus device.  These cycles are denoted by the assertion
of LDEV# by another local bus device (such as a video
controller). In this case, the local bus device must meet
the Intel386 EX READY timing and drive READY
directly with a 3-state driver.

LDEV# cycles can also be any type of cycle (read,
write, I/O, or memory).  The R380EX only monitors
these cycles but does not act on them.

All non-LBA# or non-LDEV# cycles are handled by the
R380EX.  These include DRAM references, DRAM
refresh, R380EX internal register references, ISA/Xbus
cycles (both memory and IO), halt/shutdown, interrupt
acknowledge, and DMA cycles.  Each of these is
described in more detail below.

$''5(66�3,3(/,1,1*
The R380EX supports address pipelining for DRAM
cycles by asserting NA# shortly before each DRAM
access completes. Local bus devices may request
address pipelining by asserting NA# also. However, the
Intel386 EX imposes very stringent setup and hold
requirements on this signal. It will be difficult for the
system designer to use an external OR gate to combine
these two sources of NA#. For this reason it is unlikely
that local bus devices will be able to use NA#, except at
low clock frequencies.

$/7(51$7(�/2&$/�%86�0$67(56
The R380EX also supports other local bus masters.
These devices need to acquire the bus using
HOLD/HLDA protocol and then emulate the timing and
protocol of Intel386 EX bus cycles.  The R380EX
cannot tell the difference between a Intel386 EX cycle
and another local bus master cycle that properly mimics
an Intel386 EX bus cycle.

'5$0�5()(5(1&(6
Accesses to memory addresses that span the DRAM
address range are handled by the R380EX.  DRAM
should be autosized by the BIOS on boot-up.  DRAM
access cycles can be either 8- or 16-bit.  The cycle is
terminated with the assertion of READY by the
R380EX.  Timing parameters are dependent on the
values in the DRAM Control Registers.

,17(51$/�5(*,67(56
Internal register references are handled by the R380EX.
R380EX registers should be accessed using 16-bit I/O
read or write cycles.  R380EX internal register access
cycles are echoed on the ISA bus.  The cycle is
terminated with the R380EX asserting READY.
Accesses to R380EX internal registers use 16-bit ISA
I/O timing.  8-bit references to these 16-bit registers will
terminate correctly, but the data is undefined for the
other byte.

III. Intel386 EX Local Bus Interface
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,6$�&<&/(6
Any cycle that does not access DRAM or R380EX
internal registers, and is not a local bus access, or a
halt/shutdown cycle, or refresh cycle is routed to the
ISA bus.

+$/7�25�6+87'2:1
The R380EX can be configured to  respond to an
Intel386 EX Halt cycle in the following ways:

��� Return READY.

��� Return READY and switch the 2xCPU clock  from
CLK2OSC source to the 32KHz (RTC_CLK)
clock.  A subsequent ADS# assertion from the
Intel386 EX initiates the switch back to the high-
speed CLK2OSC source after a programmable
delay is satisfied. While the 32KHz clock is being
sourced to CLK2, the DRAMs will be placed into a
self-refresh mode. Thus to use this mode, self-
refresh capable DRAMs must be used in the system
design.

��� Return READY and generate an SMI event.

��� Return READY, generate and SMI event and
switch to the 32KHz clock as described in (2)
above.

Mode 2 above allows the system designer to bring the
whole system power consumption down to a few
milliamps, or even less for properly designed systems,
but requires the use of self-refresh capable DRAMs.

To achieve the lowest power-consumption, the CPU
clock oscillator must be powered down by either the
POWERDOWN signal from the Intel386 EX or the
OSC_OFF# signal from the R380EX.  The
POWERDOWN signal from the Intel386 EX is asserted
when a HALT is executed and Power Control Register
bits PC1:0 of the Intel386 EX are set to the 01b state.
By using the OSC_OFF# signal to disable the oscillator,
the Intel386 EX does not need to enter its
POWERDOWN state, a state in which its CLK2 input is
disabled and bus phase information is lost.

If the Intel386 EX does enter the POWERDOWN state,
a PHASE1 signal is also provided by the R380EX to
allow local bus peripherals to track the bus phase
correctly when the halt state is exited.  If the
POWERDOWN state of the Intel386 EX is not used,
the R380EX still supports a very low power HALT state
just by switching the 32KHz clock into the Intel386
EX’s CLK2 input. This keeps the Intel386 EX’s power
consumption to less than 1mA, even without the
Intel386 EX going into the POWERDOWN state.

In the case that the Intel386 EX is placed into the
POWERDOWN mode, the R380EX automatically

detects any phase change injected by the Intel386 EX
when it exits the POWERDOWN state.  The R380EX
does this detection by monitoring the assertion of
ADS#.  ADS# is guaranteed, by the Intel386 EX, to be
asserted during PH1 while it is operated at a 32KHz
frequency.  The PHASE1 output from the R380EX will
also be corrected glitch-lessly.  Thus the Intel386 EX’s
POWERDOWN mode may also be used as long as the
other local bus devices monitor the R380EX's PHASE1
signal and can deal with the phase change as well.

The Intel386 EX exits the HALT and/or
POWERDOWN state in response to an interrupt. This
is indicated by the assertion of ADS# after a period of
ADS# inactivity. On the first access the CPU makes
after exiting the HALT state (ADS# is detected again), a
programmable delay of up to 64 milliseconds is used.
During this delay, the CPU CLK2 line (CLK2OUT
pins) is held high before switching back to the normal
CPU clock oscillator (CLK2OSC pin). This delay
allows the CPU clock oscillator to restart and get back
up to speed after the POWERDOWN signal has been
removed.  The delay can be used, for example, so that
subsequent DRAM cycles don’t violate RAS/CAS pulse
widths.

When returning from this low power state in a properly
designed system, the only state information that needs to
be updated should be the time of day clock which  is
normally updated as a result of an 8254 timer tick
interrupt.  Correction of the time of day is facilitated
through the use of a HLTS status bit in the R380EX
Clock Control Register.  This bit is set when a HALT
instruction is detected by the R380EX.  The time of day
timer-tick interrupt may check this bit to see if the time
of day needs to be reloaded from the RTC.

For further details please see the R380EX Clock/Reset
Control Register and the SMI Control Register
definitions.

In response to a  Shutdown bus cycle, the R380EX
simply initiates a hardware reset.  In this case, both
CPURESET and RESETDRV pins are driven asserted
for a minimum of 32 CLK2 periods.

,17(/����(;�,1,7,$7('�5()5(6+�&<&/(6
Refresh cycles that are initiated by the Intel386 EX are
basically just terminated by the R380EX.  The DRAM
controller has its own refresh counter and it is used for
both the DRAM refresh and to cause ISA refresh cycles.

,17(55837�$&.12:/('*(
Interrupt acknowledge cycles are unique cycles that are
used to respond to an 8259A programmable interrupt
controller.  There are two cycles emitted from the
Intel386 EX.  The first is an LBA cycle which
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acknowledges the master 8259A internal to the Intel386
EX.  The second is also an LBA cycle if the interrupt
source is from the internal 8259A.  If not, it is treated as
a normal IO cycle.  Cascading of external interrupt
controllers is not supported.

'0$�&<&/(
In order to use the DMA channels in the Intel386 EX
for external DMA-controlled devices, logic is included
in the R380EX to coordinate the ISA bus and DRAM
controller state machines.

The R380EX has two DACK input pins which should
driven by the Intel386 EX and allow the R380EX to see
that the Intel386 EX is doing a DMA cycle.  They
indicate that the Intel386 EX is driving a memory
address and that the R380EX needs to either mate a
slow DRAM read with a simultaneous ISA write, or a
slow DRAM write from a simultaneous ISA read.

When a DMA bus cycle occurs and the Intel386 EX is
indicating a memory read, the R380EX generates an I/O
write on the ISA bus and gates the local data bus (onto
which the DRAM data will be enabled) onto the ISA
data bus.  The cycle terminates as any regular ISA cycle
would.

When such a bus cycle occurs and the Intel386 EX is
indicating a memory write, the R380EX generates an
I/O read on the ISA bus and gates the ISA data bus to
the local bus.  The cycle terminates as any regular ISA
cycle would.

The above is true if the memory address points to the
area of DRAM controlled by the R380EX.  The Data is
gated onto the ISA bus if the memory address does not
match the area of DRAM controlled by the R380EX.  In
this case, the appropriate ISA memory strobe, MEMR#
or MEMW#, is asserted in conjunction with the IO
strobe and the DMA transfer is completed entirely on
the ISA bus.
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The R380EX DRAM/Flash controller can handle two
independent 32-bit wide memory banks of DRAM/Flash
SIMMs, bank A and bank B.  They may have one or
two 16-bit wide DRAM sub-banks per bank, called the
First and the Second sub-banks. For each sub-bank, the
upper and lower data bytes are controlled by the two
CASx# outputs

 If a bank has only a single 16-bit wide DRAM sub-
bank, the R380EX controls it with the RASxF# output.
If a bank has two 16-bit wide DRAM sub-banks, the
R380EX controls them using both the RASxF# and
RASxS# outputs.  Only one RASxx# is asserted at a
time. The R380EX supports both Fast Page Mode
(FPM) and Extended Data Out (EDO) DRAM.

The R380EX multiplexes either the RASBS# function
or the MA11 function onto a single pin. The pin
function is selected at  power-up by detecting the state
of MA3.  This means that when the MA11 function is
selected during power-up configuration, the R380EX
only supports a total of three memory sub-banks - sub-
bank A-first, sub-bank A-second, and sub-bank B-first.
Sub-bank B of the second  DRAM bank is not available
because the pin for RASBS# is configured for use as
MA11. This restriction is enforced in hardware, since
violation can cause improper DRAM operation and/or
data bus contention.

When configured for RASBS#, 64MB and 32MB banks
cannot be used because MA11 is not available. Note
that setting the bank size to 16MB or 32MB when
MA11 is disabled will be interpreted by the R380EX as
meaning that the bank is empty.

In either case, each bank can support up to a 32-bit wide
Fast Page Mode (FPM) DRAM,  Extended Data Out
(EDO) DRAM, or a Flash SIMM, each of which is
configured as two x16 sub-banks.  Each bank can be
any size from 512KB to 16MB (64MB if configured for
MA11). Within a bank, if both 16-bit sub-banks are
populated, the DRAM size and DRAM type (EDO or
FPM) of both sub-banks must be the same.  However,
bank A and bank B memories may differ from each
other in both size and type of  DRAM.

Bank A’s first memory sub-bank always begins at
address 0. Within a bank, the second memory sub-bank
always contiguously follows the first. Bank B can
contiguously follow Bank A, or it can start at  the 32MB
boundary (0x2000000). This boundary could be useful
if bank B holds Intel DRAM style flash. However, if
bank A is 64MB in size, then bank B is not allowed to
start at 32MB.

The R380EX allows each bank to be put into a mode
that supports software detection of the type of DRAM
(EDO or FPM) installed in each bank, without requiring
presence detect or other external hardware means.  The
only  extra system hardware required to support this
capability is a single pull-up resistor on DRAM data bit
0.  To conserve power in the HALT and IDLE modes,
the R380EX has "bus keepers" on all of the other data
bus pins (D1-D15) that would prevent the detection of
EDO versus FPM DRAM.

A second, externally controlled, DRAM port can be
implemented with R380EX.  DRAMHOLD# is an input
that is used to request use of the DRAM interface.  An
external controller assumes a grant when
DRAMHOLD# is asserted and all RAS and CAS lines
are unasserted.  The external controller is responsible
for generating the required timing for the memory that it
is accessing.  Both the R380EX and the secondary
external DRAM controller must monitor LOCK# from
the Intel386 EX and not take the bus from the other
device if LOCK was asserted during the previous
DRAM cycle.

86,1*�7:2�6,00�62&.(76�:,7+�7+(�5���(;
The R380EX provides two CASxx# and four RASx#
signals.  This combination can support one or two
“single-sided” SIMM modules. In addition, it can also
support one “double-sided” SIMM module. Each SIMM
module can have one or two banks, and each bank can
have one or two 16-bit sub-banks, for a total of up to
four sub-banks in one “double-sided” SIMM module. If
a user wants to have the option of using one or two
SIMMs in two SIMM sockets, care must be take not to
exceed the two “Single-Sided” or one “Double-Sided”
SIMM requirement.

&211(&7,1*�7:2�6,00�62&.(76
The table below shows the connection scheme for using
two SIMM modules with the R380EX.  The connections
between SIMM sockets are identical except for the
connection of the RASx# signals.  Table 4.1 highlights
the connection of the RASxx# signals from the R380EX
to the two SIMM sockets.

IV. DRAM/Flash Memory Controller
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Table 4.2 shows the valid SIMM size combinations
which can be created from 256K, 1M, and 16M density
devices in x16- and x32-bit widths when using one or
two “single-sided” SIMMs.
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Table 4.3 shows the valid SIMM configurations
which can be created using “Double Sided” SIMMs.
Only one SIMM socket may be populated at a time
when using “Double Sided” SIMMs.  This table
assumes that the 512K x 32 SIMM is constructed as
two banks of 256K x 32, 2M x 32 SIMM is
constructed as two banks of 1M x32, and 8M x 32 is
constructed as two banks of 4M x32.  Use of "double
sided" SIMMs reqires all four RASxx# signals.
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The R380EX contains an integrated real-time clock,
providing the PC function of the date/time clock,
alarm, programmable periodic interrupt, 114 bytes of
battery backed CMOS RAM, I/O registers 070h and
071h, and the crystal and battery input.

The RTC has isolated power pins for the battery
source (RTCVCC and RCTGND), a reset signal for
the CMOS RAM (RTCRES#), two crystal pins (X1,
and X2) for a 32.768KHz crystal and an interrupt
output (RTCIRQ).  The interrupt should be connected
to IRQ8 (INT4) on the Intel386 EX.

The RTC is integrated into the R380EX because it is
part of most PC-compatible embedded designs.

However, since some designs have a need to use an
external RTC, the ability to completely disable the
RTC.  This is accomplished by pulling MA1 high
through a resistor during power-on reset (when
PWRGOOD is deasserted).  In this case, the R380EX
contains logic to generate control signals RTCAS,
RTCRD#, and RTCWR# for an external RTC chip.
RTCAS is asserted for an I/O write access to address
070h.  RTCRD# is asserted for an I/O read access of
address 071h.  RTCWR# is asserted for an I/O write
access to address 071h.  RTCRD# has the same
timing as IOR#.  RTCAS and RTCWR# have the
same timing as IOW#.

The R380EX contains some basic support for System
Management Mode (SMM) and for power
management of the system environment. The
R380EX allows the system designer to pursue several
different power conservation strategies individually
or in combination:

��� Application or OS level software can issue a
Halt instruction to place the system into the low
power mode described in the Halt/shutdown
section.

��� Software can write to bits 1 and 0 of the
Clock/Reset Control Register to reduce the
Intel386 EX’s system’s clock speed.

��� An SMI (System Management Interrupt)  can be
generated in response to an external event or the
R380EX interval timer expiring. The SMI
routine can then handle powering down system
peripherals or entering the hardware supported
Halt state, as in  step (1) above, or reducing the
system clock speed as in step (2).

The R380EX contains all of the Halt detection logic,
SMI generation logic, and glitchless clock switching
logic to perform these functions. The SMI logic and
clock switching logic are described in the following
paragraphs.

Some power management software requires support
hardware to determine when a system has become
inactive.  To make response to this condition be as
flexible as possible, an SMI interrupt is normally
asserted to allow an SMI service routine to decide
how to power-down various parts of the system.
The R380EX supports this style of power
management with several input pins and a single SMI
idle latch and timer.  If the idle timer is allowed to
count down to zero, and if the SMI function is
enabled, then the SMI# pin is asserted, thus alerting
the Intel386 EX to this condition.

The idle timer counts down at one of two
programmable frequencies.  If the idle timer reaches
zero, and if SMI# generation is enabled (by bit 2 of
the SMI Control/Status Register), then an SMI# is
generated and the idle timer is stopped.

Independent of the current value of the idle timer,
when any of the following events occur, the idle timer
is reset to the idle latch value and resumes counting
down:

��� SMIACK# is asserted by the Intel386 EX, (in
response to the idle timer reaching 0 and
asserting SMI#)

��� The external ACTIVITY pin is asserted for at
least 2 CLK2 cycles, (if it is enabled by bit 7 of
the DIO Configuration Register being 0)

��� A programmable chip select is asserted (if it is
enabled by bit 6 of SMI Control/Status Register
being 1)

��� A value is written into the SMI timer control
register (i.e. the idle timer’s latch)

V. Real Time Clock

VI. Power Management

VII. SMI and Clock Switching
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Both timer reloads and count-down operations are
suspended during a read of the SMI Timer Control
Register so that a consistent and correct timer value is
always returned by a read of this register. If a reload
or countdown occurs during the register read, it is not
lost.  The reload or countdown is injected after the
read has finished.  In the case that both a reload and a
countdown event occur during the read, only the
reload occurs after the read.

The idle timer is 12 bits wide and may be clocked by
either a 1024 hertz or a 16 hertz clock.  Both of these
frequencies are derived from the RTC_X2 (normally
32,768 hertz) input clock.  When clocked at 1024
hertz, the idle timer can be set to expire from about 1
millisecond up to a total of about 4 seconds with
about 1 millisecond granularity. When clocked at 16
hertz, an idle timer expiration time from about 62.5
milliseconds up to about 256 seconds can be achieved
with about a 62.5 millisecond granularity.

The R380EX contains an SMI interrupt output pin.
The following events cause assertion of this interrupt:

��� The idle timer decrementing to zero (if enabled
to assert SMI)

��� The assertion of either the EXTSMI0 or
EXTSMI1 input pins (if enabled to assert SMI)

��� The detection of a HALT cycle (when enabled to
assert SMI)

��� The setting of a software-triggerable SMI
Register bit

The EXTSMI[0:1] pins have individual enable
register bits, and are useful for things such as a low-
battery warning in hand-held applications for
example, and for PCMCIA system-management
events.  Status bits also exist to show what source(s)
initiated the SMI interrupt.  An overall SMI enable
bit (bit 5 of the SMI Control/Status Register), when
clear, disables the assertion of the SMI# pin.
However, the individual SMI status bits will latch any
individually enabled SMI events that occur while the
overall SMI enable bit is clear. This allows these bits
to be polled by software instead of causing a System
Management Interrupt.

The R380EX has an SMIACT input pin, which is
driven by the corresponding Intel386 EX pin to
indicate that the Intel386 EX is in SMM.  When in
SMM, the Intel386 EX generates bus cycles for
addresses in the range 038000h - 03FFFFh.  When
enabled by the SMIMAP[1:0] bits in the SMI
Status/Control Register, the R380EX remaps
addresses in the range 02xxxx-5xxxx as indicated in
the following table.
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For “normal” operation, address's 2xxxx/3xxxx are
mapped by the R380EX into the DRAM.  However,
when in SMM, these addresses map into the
“Axxxx/Bxxxx” page, which is usually a section of
“wasted” memory because video controllers, if
present, often use this address range for video
memory.  The Intel386 EX, in SMM, uses the 3xxxx
addresses to store system state and to fetch code
from.  Thus, some software (e.g., BIOS), at
initialization, needs a way to copy code into the
DRAM “Axxxx/Bxxxx” page.  This is the purpose of
the last row of the table.  This last line also allows an
SMM task to look at the 2xxxx/3xxxx region, if
necessary.

Software may reduce the CPU/system “CLK2” clock
frequency by writing bits 0 and 1 of the Clock/Reset
Control Register .  These bits allow the input
oscillator clock to be divided by 1,4, or 16 to supply
the CLK2OUT pin.  Upon reset, the clock is
automatically divided by four to allow the system
components to easily track the bus phase as reset is
released.  The Intel386 EX and other local bus
peripherals determine the bus phase by watching for
the deassertion of reset.  Since the R380EX is
responsible for releasing the reset line, it also
automatically changes the clock divider control bits to
perform a divide by 1 within a few bus cycles after
deassertion of RESETCPU. Software may also
subsequently set the two divider control bits in the
Clock/Reset Control Register to speed-up or slow-
down the clock speed, depending upon whether
performance or power conservation is required.

The SMI idle timer can also be used to perform any
system function that needs to happen at guaranteed
exact time intervals because the SMI interrupt is the
highest priority interrupt in the system that cannot be
disabled.
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The idle timer can be used as a source of a periodic
interrupt that can occur at 1ms intervals up to a
maximum of 256 second intervals.  This is done by
setting the overall SMI enable and the SMI timer
enable bits (bits 5 and 2 of the SMI Control/Status
register), and by disabling the ACTIVITY pin,
(setting bit 7 in the DIO configuration register) and
disabling the USR_CS0# idle timer reset sources.
(clearing bit 6 in the SMI Control/status register), and
by clearing  all other SMI enable bits in the SMI
Control/Status register (bits 4,3,1, and 0). In this
mode, the SMI Timer Control register is programmed
to the desired interrupt time period.

For example, if the system needs to update a display
at exactly 8 second intervals, the code to update the

display would be placed in the SMI handler and the
SMI timer control register would be set to 0x8080,
the SMI Control/status register would be set to
0x0164, and bit 7 of the DIO Configuration register
would be set.

With this configuration, every eight seconds the
SMI# pin is asserted and the idle timer is
automatically set back to the 0x8080 value (in
response to the SMIACK# pin) and starts counting
down to cause the next SMI# assertion, etc.  This
same technique could be used to “wake-up” a halted,
power-downed system at guaranteed intervals to
check for system activity.

The ROM/Flash ROM interface supports a variety of
ROM/Flash devices.  Most PC compatible
implementations use an 8-bit BIOS device that is
shadowed in DRAM.  This type of BIOS interface as
well as many others are supported by the R380EX.

The registers in the R380EX are specifically designed
to support the Intel 28F004BR-T or similar Flash
devices.  The upper 128KB, which includes a 16KB
boot block, is normally used for the BIOS.  The lower
384KB can be used for user code such as a real time
OS kernel.  If user code is not needed, then a smaller
device can be used (e.g., 28F001BX-T).  The BIOS
usually consists of at least a 16KB boot block, and a
112KB System BIOS.  Once shadowed, the BIOS
running in DRAM typically only occupies 64K in the
F-page of the low 1MB of memory.

While ROMs do not need write protection, write
protection of the Flash is an important system issue.
The R380EX provides extensive write protection.
There are two independent pins and associated
register bits, WE_BIOS and WE_AP in the BIOS
Control Register, that are part of this protection.  The
intent is to allow one to independently protect the
system BIOS (BIOS) and the application program
(AP).

To allow writes to either Flash region, the associated
pin must be asserted and the appropriate register bit
must be set.  This allows manufacturers to update the
boot block, while giving others the ability to update
the system BIOS and the Application Programs in the
field without the possibility of corrupting the other
sections of the Flash device.

The register bits give software control over these
features and the pins give the hardware designer the
capability of a mechanical protection mechanism,
such as a jumper or a pin strap.  For instance, to
ensure that no one can corrupt the BIOS, just tie the
WE_BIOS# pin high.

Please note that the two write enable pins have DIO
as alternate functions for the pins.  If the DIO
Configuration Register specifies that a particular pin
is serving as a DIO pin, then the write enable function
is enabled or disabled only by the enable bits in the
BIOS Control Register.  The FRC_UPD pin can be
used to force the BIOS to perform a system BIOS
update regardless of the state of the code or the
checksum in the BIOS. This is a mechanism that is
used by certain BIOS vendors (e.g., Phoenix) that
allows the update program to determine whether to
process an update.  This pin is a read-only bit in the
SMI Control/Status Register.

VIII. ROM/Flash ROM Interface
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The R380EX contains a PC/AT compatible keyboard
controller with PS/2 compatible mouse controller
extensions. The keyboard controller is clocked by
BCLK (also referred to as SYSCLK), at the ISA bus
system clock frequency. Response to keyboard
commands is nearly immediate, usually within one
BCLK, due to the fact that the keyboard controller
function is internally implemented as a hard-wired
state machine.

If it is not needed,or an external keyboard is desired,
the internal keyboard/mouse controller may be
disabled.  (see power-up options and Miscellaneous
configuration register.)  When disabled the keyboard
and mouse pins can be used for other functions or an
external keyboard can be supported.

The keyboard controller responds to two I/O
addresses: 0x60 (data) and 0x64 (Command/status).
Commands are issued to the keyboard controller by
performing I/O writes to 0x64.   An I/O write to 0x60
will fill the keyboard controller’s “Input Buffer”. An
I/O read from 0x60 will return the contents of the
keyboard controller’s “Output Buffer”. The keyboard
controller contains two other registers called the
“Output Port” and “Input” Port that are associated
with “port” pins that connect to other signals inside
the R380EX. (Don't confuse these with the similarly
named Output Buffer and Input Buffer.)

The integrated keyboard controller will support the
following commands. All commands except Fx and
D4 will be executed in the same bus cycle that they
are issued.
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A Read Command Byte will place the Command Byte
in the Output buffer. An I/O read to an address of
0x60 returns the output buffer contents.

5($'�5$0������)�
The keyboard controller contains one extra byte of
RAM beyond the Command byte. Execution of a
0x21 to 0x2F command will cause the contents of this
RAM to be dumped into the Output buffer.

IX. Keyboard/Mouse Controller
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:5,7(�&200$1'�%<7(�����
The Write Command Byte will place the next data
byte written to I/O address 0x60 into the Command
Byte. Upon reset, the Command Byte is set to 70. The
bits within the Command Byte are defined as follows:

%LW )XQFWLRQ
� (QDEOH�.H\�,QWHUUXSW

� (QDEOH�0RXVH�,QWHUUXSW

� 6\VWHP�)ODJ

� ,QKLELW�2YHUULGH

� 'LVDEOH�.H\ERDUG

� 'LVDEOH�0RXVH

� (QDEOH�6FDQ�&RGH�7UDQVODWLRQ

� �

:5,7(�5$0������)�
The internal keyboard controller contains one byte of
RAM. A command of 0x21to 0x2F will cause this
RAM location to be updated by the next I/O write to
address 0x60.

',6$%/(�0286(��$��
A Disable Mouse command will clear bit 5 of the
Command Byte.

(1$%/(�0286(��$��
A Enable Mouse command will set bit 5 of the
Command Byte.

0286(�,17(5)$&(�7(67��$��
A Test Mouse Interface command will place a 00 in
the Output Buffer. An Interface test will not actually
occur.

6(/)�7(67��$$�
A Self Test Command will place a 55 in the Output
Buffer. A self test will not actually occur.

.(<%2$5'�,17(5)$&(�7(67��$%�
A Test Keyboard Interface command will place a 00
in the Output Buffer. An Interface test will not
actually occur.

',6$%/(�.(<%2$5'��$'�
A Disable Keyboard command will set bit 4 of the
Command Byte.

(1$%/(�.(<%2$5'��$(�
A Enable Keyboard command will clear bit 4 of the
Command Byte.

5($'�,1387�3257��&��
A Read Input Port command will place the contents
of the Input Port in the Output Buffer.  The Input Port
is connected internally to the R380EX.

5($'�287387�3257��'��
A Read Output Port command will place the contents
of the Output Port in the Output Buffer. The output
Port is connected internally to the R380EX.

:5,7(�287387�3257��'��
The Write Output Port command will place the next
data byte written to I/O 0x60 to the Output Port. The
output Port is connected internally to the R380EX.

75$160,7�72�0286(��'��
This command will cause the next byte written to the
data port to be sent to the mouse. The execution time
of this of this command will depend upon the mouse.

5($'�7(67�,13876��(��
A Read Test Inputs command will place T0 and T1 in
D0 and D1, respectively, of the Output Buffer. Bits
D2 - D7 will be 0.

38/6(�287387�3257��);�
The Pulse Output Port Command will pulse bits 0-3
of the Output Port low for at least 6 usec. Bits 0-3 of
this command determine which bits will be pulsed. A
command of FF will execute in the same bus cycle it
is issued.

*$7($���$1'�5(6(7
Since the D1 command takes place in the same bus
cycle it is issued, a change in GATEA20 will happen
immediately. An Fx command will take from 6.4 to
128 us to generate a reset depending on the clock
speed. An FF command will take place in the same
bus cycle it is issued.

.(<%2$5'�67$786�5(*,67(5

%LW )XQFWLRQ
� 2XWSXW�%XIIHU�)XOO

� ,QSXW�%XIIHU�)XOO

� 6\VWHP�)ODJ

� &RPPDQG�'DWD

� ,QKLELW�6ZLWFK

� 0RXVH�'DWD

� 7LPH�RXW

� �

Upon reset the Keyboard Status Register is set to 00.
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.(<%2$5'�$1'�0286(�,17(5)$&(
The keyboard interface supports a standard AT
keyboard. The mouse interface supports a standard
PS/2 mouse. The internal port pins are configured as
follows:

6LJQDO )XQFWLRQ
�3���� .H\�GDWD

�3���� 0RXVH�GDWD

�3���� &385(6(7

�3���� *$7($��

�3���� ,54�

�3���� ,54��

Upon Reset all P2 port bits are set high.

7,0,1*6
The keyboard controller clock is driven at the BCLK
frequency. The clock speed will determine certain
timings as shown below. Note that the FF command
will execute in one bus cycle.

7LPLQJ %&/.�#��0+]
)[�&RPPDQG�H[HFXWLRQ��H[FHSW�))� ����XV

7UDQVPLVVLRQ�EDFNRII ���XV

7UDQVPLVVLRQ�7LPH�RXW ����PV

The R380EX contains a speaker output (SPKROUT),
which is the XOR of {the SPKRIN input pin} with
{the logical ANDing of [bit 1 of the port B register]
with [the OUT2 timer 2 input pin]}.  The rationale for
the extra XOR and the SPKRIN input pin is that this

is a common “glue” function needed in PCMCIA
systems for use with modem cards.  SPKRIN shares
the same pin as DIO13.  If the DIO Configuration
Register DEFINES this pin to be DIO13, then the
SPKRIN function is disabled.

The ISA bus controller manages the ISA control
signals and a separate data bus.  It generates cycles on
the ISA bus for memory and I/O cycles that are not
mapped to devices on the local bus, or in the
processor, or in the R380EX chip itself.  The ISA
controller supports 8- and 16-bit transfers, including
translation for 16-bit CPU requests to 8-bit ISA
devices, and 8-bit CPU requests to 16-bit devices.

The controller also produces the ISA (AT) bus clock.
The ISA clock can be the CPU's CLK2 clock divided
by 4, 6, or 8.

The R380EX does not expand the interrupt or DMA
capabilities of the Intel386 EX.  Thus the interrupt
and DMA channels available in a system using the
R380EX are exactly the same as the Intel386 EX.

The exception to this is that fly-by DMA cycles are
supported by the R380EX ISA interface logic.
Assertion of the DACK inputs to the R380EX
indicate that the current cycle is a fly-by DMA cycle.

The R380EX implements  a “quiet ISA” feature.
When the R380EX sees an access that is not destined
for the ISA bus (i.e., a local bus cycle, a non-DMA
DRAM cycle, it does not drive the ISAbus data and
control signals.  This reduces overall system power
consumption.

The R380EX ISA bus controller does not support
multiple bus masters and I/O channel check, which
are two almost-never-used aspects of the ISA bus.

X. PC Speaker Interface

X. ISA Bus Interface
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The R380EX performs a number of functions in
support of the Intel386 EX chip and in support of the
PC hardware architecture.

The R380EX generates the clock signals for the
Intel386 EX.  The R380EX expects a 2x CLK input
(CLK2OSC) and generates two, low skew, 2x clock
outputs -- CLK2OUT[1:0]. It also generates a 1x
clock phase indicator (PHASE1) that is in-phase with
the Intel386 EX internal 1x clock.

One of the R380EX 2x clock outputs needs to drive
the R380EX CLK2IN input and also the CLK2 input
of the Intel386 EX.  This clock is used for all timing
reference for bus activity in the R380EX.

The R380EX also handles the variety of reset signals
and conditions expected in a PC compatible system.
It has a cold reset input (PWRGOOD) and a
watchdog time-out input (WDTIN) which result in
generation of resets for the Intel386 EX (RESET) and
the ISA bus (RESETDRV).

The R380EX contains the PC-compatible “port B”
register at 061h.  There is no port A register at 092h
because this function is already included in the
Intel386 EX chip.

The R380EX has a TMRGATE2 output and a
TMROUT2 input for interfacing to the corresponding
Intel386 EX timer pins and are commonly used as
part of the speaker output function.

The R380EX has a 16-bit digital I/O port, and 6 bits
of digital output.  There are four registers associated
with the DIO port: the DIO input register, the DIO
output register, the DIO direction control register and
the DIO Configuration Register.  A DIO pin reflects
the associated data output register bit if the
corresponding bit in the direction register is set to
OUTPUT, and the bit in the mux register specifies
using the pin as DIO.

The DIO pins can be read as inputs regardless of the
settings of the DIO Direction Register or the  DIO
Configuration Register. For each bit in the DIO port,
the Configuration Register defines whether the pin
has the DIO function or the alternate function.  The
DIO Configuration Register is initialized at power-up
from the MA[7:5] pins.

Note that DIO bits 5 and 6 receive special treatment
and must be set to DIO (by a pull-up on MA6) at
power-up if they are to be used as digital I/O pins. If

MA6 is pulled-down at power-up, these pins are set
to the flash write enable functions and these functions
cannot be overridden by writing a "1" to the
respective DIO configuration bit.

The DIO output register is a read/write register.
Writing data to this register will cause the pins to
change state if they are setup as outputs.  Reading the
data output register returns the value in the register,
and not the value of the DIO pins.

The data input register is an input only register, and
reading this register returns the actual state of the
DIO pins.

Thus, with all bits set as outputs, it is possible to write
a value to the DIO data output register and read the
actual state of the pins by reading this input register.
If bits differs from the contents of the output register,
then contention has been detected on the pins.

There are four user-programmable I/O chip selects --
CS_USR[3:0].  Each can be programmed and used
individually or they can be “daisy-chained” together
to form one extended chip select output that can
decode up to four discontiguous regions.  They can
be combined as a group of four, three, or two chip
selects.  These configurations include: one extended
chip select with four discontiguous regions, one
extended chip select with three discontiguous regions
and one regular chip select,  two extended chip

selects each with two discontiguous regions, or one
extended chip selects each with two discontiguous
regions and two regular chip select.

Further these programmable chip selects can be used
to reset the SMI activity timer, even if the external
programmable chip select pins are being used as
digital I/O.

XII. PC Engine Logic

XIII. 16-bit DIO Port

XIV. Programmable Chip Selects
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Each chip select has a corresponding 16 bit mask and
compare register (see PCS registers).  The upper two
bits of the register control whether the chip select is
enabled, how it should be decoded, and whether
IOCS16 should be asserted by the chip select.

The lower 10 bits are compared with ISA address bits
SA[9:0] as specified by the MODE bits in the

register.  SA15 is always compared with bit 10 of the
address portion of the register.

The remaining bits determine whether IOR, and/or
IOW are included in the decode, and whether the chip
select’s output is daisy-chained into the next lower-
numbered chip select. These chip selects are valid for
I/O accesses only.

The IDE interface consists of IDEWR#, IDERD#,
two buffer enables (IDE_ENHI#, IDE_ENLO#) and
the IDED7 pin.  IDEWR# and IDERD# connect
directly to the IDE connector.  An IDE interface also
requires two chip selects to be generated:
HDCS[1:0]#.  These can be generated by using two
of the four user programmable chip selects
(CS_USR[3:0]#) on the R380EX. HDCS0# is the
primary hard disk chip select and should be asserted
for accesses to I/O addresses 1F0-1F7h.  HDCS1# is
the secondary hard disk chip select and  should be
asserted for accesses to I/O addresses 3F6h and 3F7h.
IDE_ENHI# and IDE_ENLO# connect to the enable
input of a ‘245-style bi-directional buffer for the 16-
bit data path to the IDE connector.

The IDEWR# and IDERD# signals allow the
R380EX to support the higher transfer rates of
Enhanced IDE drives without requiring the ISA bus
IOR# and IOW# signals to violate the ISA bus pulse
widths.

The IDEMD bit, bit 4 of the Output Configuration
Register, defines whether IDE interface operates at
enhanced data rates or at the original IDE data
transfer rates.  If set, IDEMD causes the IDEWR#
and IDERD# signaling to occur at EIDE mode 3/4
transfer rates.

IDEMD is cleared by a hardware reset to enable
working with both older IDE drives and the newer
EIDE drives that also reset themselves initially to the
older IDE interface style.

IDED7 connects to the IDE connector data bit 7.
This pin resolves conflicts with floppy disk interface
access to I/O address 3F7.

ISA I/O address 3F7h is shared between an IDE
device and a floppy disk controller. The R380EX
resolves this conflict for bit D7 by bi-directionally
buffering D7 between the SD bus and the IDE
interface, except in one special case, an I/O read from
address 3F7h. In this case, the R380EX does not pass
IDE data bit 7 to the SD bus, but instead tristates
SD7. This allows a floppy disk controller to drive
SD7 as per ISA requirements.

If the IDE interface is enabled, there is no way to
disable this rebuffering. Therefore, IDE data bit 7
must always connect through the R380EX, even if the
system design is such that all the other IDE data bits
are connected directly to the SD bus without an
intervening data transceiver.

The R380EX contains a control register and two pins,
LED[1:0]#, for controlling two external indicator
LEDs.  This function can be useful in
communications applications and hand-held
applications (e.g., indicating system state or battery
warning).

Alternatively these two pins can generate a clock with
a frequency of 1 Hz, 128Hz, or 256Hz. The latter two
frequencies can be obtained by placing the LED
control logic into a test mode as detailed in the LED
Control Register bit descriptions.

In addition, LED0 powers-up driving a buffered
version of the RTC_X2 input clock, normally
32.768KHz.  If the R380EX supplies the decode for

an external RTC, then the LED pins must instead be
configured to supply the RTC read and write strobes.

If used for external activity indicators, each of the
two pins can drive an LED.  Two register bits in the
LED Control Register are associated with each pin
and control the output.

�� /('�RII

�� /('�RQ

�� /('�IODVKHV�RQFH��RQ�IRU��a����VHFRQG�
DIWHU�ELWV�ZULWWHQ�DV���

�� /('�IODVKLQJ��D��+]�UDWH�������VHF�RQ������VHF�RII�

XV. IDE Interface

XVI. LED Control
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The R380EX is highly configurable through use of
internal registers, and power-up configuration sensing.
While the PWRGOOD input signal is negated, the MA
pins are used as configuration inputs that  select various
operating modes.   By reading the Power-up Options
register, software can also determine how the board was
configured at power-up.  Once operating, additional
modes are selected through the use of DIO and DO
configuration, direction, and data register bits.

None of the MA pins have internal pull-up or pull-down
resistors. Therefore, external configuration resistors are
required for all  of the MA pins. Certain MA lines need

not be pulled-up or down, if the system designer does
not care how the configuration bit powers-up.

For example, if the Digital Outputs aren’t being used
then MA8 does not need an external resistor.  When the
R380EX is in low-power standby, it redrives all of the
MA pins with the values latched at the assertion of
PWRGOOD. This reduces standby power consumption
by eliminating DC current through the resistors.

Table 17.1 enumerates the power-up configuration
options.

7DEOH�������3RZHU�XS�&RQILJXUDWLRQ�2SWLRQV

3LQ 6WDWH 2SWLRQ

0$� �
�

5���(;�RSHUDWLQJ�YROWDJH�
����RU�����YROW�9&&�RSHUDWLRQ��¶WWO�LQ·�SLQV�KDYH�&026�LQSXW�WKUHVKROGV�
����YROW�9&&�RSHUDWLRQ��¶WWO�LQ·�SLQV�KDYH�77/�LQSXW�WKUHVKROGV�

0$�
�
�

,QWHUQDO�5HDO�7LPH�&ORFN�PHJDFHOO�
7KLV�ELW�LV�DOVR�ZULWWHQ�LQWR�ELW����(;57&�ELW��RI�WKH�2XWSXW�UHJLVWHU�DW�SRZHU�XS�
(QDEOHG�
'LVDEOHG�

0$�
�
�

,QWHUQDO�NH\ERDUG�DQG�PRXVH�FRQWUROOHU�PHJDFHOO�
7KLV�ELW�LV�DOVR�ZULWWHQ�LQWR�ELWV�����RI�WKH�2XWSXW�FRQILJXUDWLRQ�UHJLVWHU�DW�SRZHU�XS�
(QDEOHG�
'LVDEOHG�

0$� �
�

6HOHFW�EHWZHHQ�5$6%6��DQG�0$���RXWSXW�
5$6B%6��RXWSXW�LV�HQDEOHG�
0$���RXWSXW�LV�HQDEOHG�

0$� �
�

'5$0�LQWHUIDFH�
'5$0+/'$��RXWSXW�LV�HQDEOHG�
'$7$B(1��RXWSXW�LV�HQDEOHG�

0$� �
�

'LJLWDO�,�2�>���@�
&6B865>���@��RXWSXWV�DUH�HQDEOHG�
',2>���@�DUH�HQDEOHG�DV�LQSXWV�

0$� �
�

'LJLWDO�,�2�>���@�
$&7,9,7<���:(B%,26���:(B$3���DQG�4'$&.%�DUH�HQDEOHG�
',2>���@�DUH�HQDEOHG�DV�LQSXWV�

0$� �

�

'LJLWDO�,�2�>����@�
705287���63.5B287��63.5B,1��,'(B(1/���,'(B(1+���,'(B'���,'(B&6����,'(B&6���DUH
HQDEOHG�
',2>����@�DUH�HQDEOHG�DV�LQSXWV�

XVII. Power-up Configuration Options
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7DEOH�������3RZHU�XS�&RQILJXUDWLRQ�2SWLRQV

3LQ 6WDWH 2SWLRQ

0$� �
�

,QLWLDO�OHYHO�RI�'LJLWDO�2XWSXWV�>�����@�
�$SSOLHV�RQO\�LI�WKH�LQWHUQDO�NH\ERDUG�DQG�PRXVH�FRQWUROOHU�PHJDFHOO�LV�GLVDEOHG�
$OO�RXWSXWV�LQLWLDOL]H�WR���
$OO�RXWSXWV�LQLWLDOL]H�WR���

0$��
0$��

8VHU�GHILQDEOH�ELWV�
7KHVH�ELWV�DUH�VDPSOHG�ZLWK�UHVHW�DQG�DUH�DYDLODEOH�IRU�VRIWZDUH�WR�UHDG�IURP�WKH�SRZHU�XS�RSWLRQ
UHJLVWHU���7KXV��WKHVH�WZR�ELWV�FDQ�EH�XVHG�WR�WHOO�VRIWZDUH�DERXW�V\VWHP�OHYHO��DV�RSSRVHG�WR�5���(;
OHYHO��FRQILJXUDWLRQ�RSWLRQV�
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XVIII. Register Descriptions
1RWH���3OHDVH�UHIHU�WR�WKH�5DGL6\V�5���(;�%,26�$GDSWDWLRQ�,PSOHPHQWDWLRQ�1RWHV�IRU�PRUH
GHWDLOHG�LQIRUPDWLRQ�DQG�VXJJHVWLRQV�RQ�UHJLVWHU�XVH�

There are two types of internal registers in the R380EX:

• 3&�&RPSDWLEOH�5HJLVWHUV�  These registers are defined by the PC architecture and are addressable at standard I/O
addresses.  This includes the RTC registers and the PortB register.  The RTC registers are referenced with an
index and data register at I/O addresses 070h and 071h respectively.  The PortB register is addressed at I/O
address 061h.

• 5���(;�6SHFLILF�5HJLVWHUV�  These registers are referenced with an index and data register at I/O addresses 024h,
and 026h respectively.

All PC-architecture defined  registers  (PortB, 0x60, 0x64, 0x70, 0x71, etc.) use 10-bit address decoding . All other
registers (e.g. 024h and 026h) use 16-bit decoding.

5���(;�,1'(;�'$7$�5(*,67(56
These registers form an index/data register pair for accessing R380EX registers. Only the lower six bits of the index
register are implemented.  Reads or writes to the R380EX Internal Data Register at address 026 return or modify the
register that is selected indirectly through the six-bit R380EX Internal Index Register’s content.  Attempting to write
to a single byte of the Index or Data register (e.g. writing only a single byte to 026h or 027h) results in both bytes of
the selected register being written.
*

�� �� �� �� �� �� � � � � � � � � � � $GU

,QGH[ ���

'DWD ���

.(<%2$5'�'$7$�5(*,67(5
The Keyboard Data Register implements the standard PC-Compatible keyboard data functions.

� � � � � � � � $GU

.H\ERDUG�GDWD ���

3257%�5(*,67(5
The PortB Register supports speaker control and the timer counter2 functions which are available in conjunction
with the Intel386 EX.

� � � � � � � � $GU

� � 7LPHU
&RXQWHU��
287
6WDWXV

5HIUHVK
7RJJOH

5$0 5$0 6SHDNHU
'DWD
(QDEOH

7LPHU
&RXQWHU��
*$7(
(QDEOH

���

� � 5HVHW

The Timer Counter 2 GATE Enable bit controls the GATE input to Counter 2, and enables counting when set. This
bit is cleared on HW reset.

The state of the Speaker Data Enable bit, is ANDed with the Counter 2 OUT signal from the Intel386 EX to drive
the SPKR output signal.
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Bits 2 and 3 are RAM bits. These bits normally enable the IOCHCK and parity features. They are included to
preserve PC compatibility, but these functions that are not supported in the R380EX.

The Refresh Toggle bit toggles every time a refresh occurs.  This bit is cleared on HW reset.

Timer Counter 2 OUT Status reflects the state of  the TIM2_OUT pin.

Bits 6 and 7 are read only bits.  In the PC architecture, they reflect parity and IOCHCK errors, but these functions
are not supported in the R380EX.

.(<%2$5'�67$786�&200$1'�5(*,67(5
The Keyboard Status/Command Register implements the standard PC-Compatible keyboard controller functions.

� � � � � � � � $GU

.H\ERDUG�VWDWXV�FRPPDQG ���

57&�5(*,67(56
These registers are used for an Index/Data Register pair for accessing the RTC and CMOS RAM.

� � � � � � � � $GU

5$0 57&�LQGH[ ���

�57&�GDWD ���

Bit 7 of register 70 is the RAM bit and is included to preserve PC compatibility.  It normally preserves the NMI
enable function, but this function is not supported in the R380EX.

,'(17,),&$7,21�5(*,67(5
The upper 12 bits of the ID Register is a read only constant identifying the part and its revision number.

�� �� �� �� �� �� � � � � � � � � � � ,G[

��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� %,26�5HYLVLRQ �
� � � � � � � � � � � � � � � � 5HVHW

Bits 7-4 are intended to encode the stepping revision. The remaining four register bits are read/writeable and are
reserved for BIOS use only. These bits are reset to 0 by hardware reset.

32:(5�83�237,21�5(*,67(5
The Power-up Option Register is a read-only register that latches the state of the MA[10:0] pins at power-up.

�� � � � � � � � � � � ,G[

0$>����@��ODWFKHG�ZKLOH�3:5*22'�LV�GHDVVHUWHG� ��

Bits 0-8 control the initial configuration of the R380EX (see Power-up Configuration Options).  Bits 9 and 10 are
also latched at power-up and can be used  by the system designer to indicate system-level options.  When the
R380EX enters the low-power halt state, it redrives the contents of this register out to the MA[10:0] lines in order to
minimize the static power consumption that the external pull-up or pull-down resistors could otherwise potentially
consume.
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%,26�&21752/�5(*,67(5
The BIOS Control Register is used to control access to the Flash boot device through use of the CE_BIOS# and
WE_FLASH#  pins. When using the CE_BIOS# and WE_FLASH# pins the Flash device is required to reside on the
Intel386 EX’s local bus.

�� �� �� �� �� �� � � ,G[
%,26�ZDLW�VWDWHV %,266,=( /)/6+:( %,26:( $33:( ��

� � � � � � � � 5HVHW

� � � � � � � � ,G[

)�����
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� � � � � � � � 5HVHW

The least-significant 8 bits enable are used to set the overall address range for CE_BIOS#. When a bit is set, the
associated address region is included in the overall address decoding for assertion of the CE_BIOS# signal. These
bits, when set, take priority over the Shadow 1/2 Register bits.

The APPWE bit is used in conjunction with the external WE_AP# pin, and the LFLSHWE bit.  When the APPWE
bit is set it allows WE_FLASH# to be asserted for all  CE_BIOS#  address regions except the top 128KB where the
BIOS normally resides.

The BIOSWE bit is used in conjunction with the external WE_BIOS# pin. When the BIOSWE bit is set, it enables
writes to the BIOS system code portion of the Flash device which resides at both the top of memory (upper 128KB
just below 64MB) and the 128KB just below 1MB.  Additionally, the portion just below 1MB is only written as
allowed by the LFLSHWE bit.  . These enable bits are  cleared on HW reset.

The LFLSHWE bit  when set, enables writes to the flash region  below 1MB.  This bit is cleared on HW reset. Both
LFLSHWE and BIOSWE must be set to be able to write to the low BIOS region (just below 1MB).  LFLSHWE and
APPWE must both bet set to be able to write the application flash below 1MB.

The APPWE enable bit and the BIOSWE enable bit both have corresponding pins that affect these functions as well.
Both the pin and the register bit must be set to enable writes to the associated flash region.  The exception is if the
DIO Mux Register specifies a pin as a DIO bit, then that pin is ignored for purposes of enabling writes  to the Flash
device.

The BIOSSIZE bit, when set, enables address decoder recognition of the top 16MB (0x30_0000-0x3f_ffff) and
results in assertion of  CE_BIOS for this address range.  If the BIOSSIZE bit is clear, then only accesses to the top
1MB causes CE_BIOS to be asserted.

The BIOS wait states field determines the number of wait states inserted into a BIOS read access as follows:

(QFRGLQJ %,26�DFFHVV�:DLW�VWDWHV
��� �

��� �

��� �

��� �

��� �

��� �

��� �

��� �
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Writes to the BIOS region always require nine wait states.
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6+$'2:���5(*,67(5
The Shadow 1 Register contains two shadow control bits for each of the indicated memory address regions shown in
the following illustration.  (The Shadow 2 Register has an identical function for a different set of address ranges.)
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The Shadow 1 Register is cleared to 0 by reset.  The two bit pairs control the routing of memory accesses, for their
respective regions, if the region is not already mapped to the flash BIOS by the BIOS Control Register.  The Shadow
Register bits are ignored when the corresponding region has already been designated for assertion of CE_BIOS#.
When CE_BIOS# is not asserted for the region, then the Shadow Register bits are interpreted as shown in the
following table:

(QFRGLQJ )XQFWLRQ

�� 5HDG�ZULWH�,6$

�� 5HDG�,6$���ZULWH�WR�'5$0

�� 5HDG�'5$0����ZULWH�WR�WKH�ELW�EXFNHW��QHLWKHU�DQ�,6$�QRU�D�'5$0�F\FOH�LV�JHQHUDWHG��EXW�UHDG\�LV
UHWXUQHG�WR�,QWHO����(;�

�� 5HDG�ZULWH�'5$0

6+$'2:���5(*,67(5
The Shadow 2 Register control bits are interpreted in the same manner as for the Shadow 1 Register, except that the
address ranges covered are different.
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',2�287387�5(*,67(5
When the corresponding direction bit in the DIO Direction Register is set to output, and the corresponding mux bit in
the DIO Mux Register specifies using the pin as a DIO pin, a DIO pin reflects a bit in the Data Output Register.

�� �� �� �� �� �� � � � � � � � � � � ,G[

',2�5HJLVWHU�'DWD ��

� � � � � � � � � � � � � � � � 5HVHW

The DIO Output Register is a read/write register.  Writing to this register will cause pins to change if they are set up
as outputs.  Reading this register returns the value in the register, not the value of the DIO pins.  This register is
cleared on HW reset.
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',2�,1387�5(*,67(5
The DIO Input Register reflects the actual state of the DIO pins.  This is true regardless of the state of the DIO
Direction Register or the DIO Mux Register.  This is a read only register.

�� �� �� �� �� �� � � � � � � � � � � ,G[

',2�SLQ�GDWD ��

',2�',5(&7,21�5(*,67(5

�� �� �� �� �� �� � � � � � � � � � � ,G[

',2�GLUHFWLRQ�GDWD ��

� � � � � � � � � � � � � � � � 5HVHW

Each bit in the DIO Output Register defines whether or not to enable the output driver for that pin.  An output driver
is only enabled to drive the pin if the associated bit in the DIO Direction Register is a 1, and the corresponding bit in
the DIO Mux Register specifies its use as a DIO pin.  This register is cleared on HW reset.

',2�&21),*85$7,21�5(*,67(5
The DIO Configuration Register defines, for each bit in the register, whether the associated pin is used as a DIO pin
or for the alternate function.

�� �� �� �� �� �� � � � � � � � � � � ,G[

',2�FRQILJXUDWLRQ�GDWD ��

0$� 0$� 0$� $W�5HVHW

A 1 in a particular bit defines the associated pin be used as a DIO pin.  During a hardware reset, each bit of this
register is initialized to the value of the MA(x) signal shown in the register template above.

The state of MA7 at reset is reflected in bits 15-8. The state of MA6 at reset is reflected in bits 7-4. The state of
MA5 at reset is reflected in bits 3-0. Please note that bits 5 and 6 of this register may not be written to a "1" by
software unless MA6 was sampled high during a hardware reset.  This is done to protect the flash write enable
functions that are multiplexed onto the same pins as DIO5 and DIO6.

'2�287387�5(*,67(5
A DO pin reflects the associated bit in the Data Output Register when the corresponding bit in the DO Configuration
Register specifies using this pin as a DO pin.

� � � � � � � � ,G[

5HVHUYHG '2�5HJLVWHU�'DWD ��

; 0$� $W�5HVHW

The DO Output Register is a read/write register.  Writing to the DO Output Register will cause pins to change state if
they are setup as outputs.  Reading this register returns the value in the register which are not necessarily the actual
value of the DO pins.  Each bit of this register is initialized with the value contained on MA8 during a HW reset.
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287387�&21),*85$7,21�5(*,67(5
The Output Configuration Register defines, for each pin in the DO port, whether  it is used as a DO pin or for an
alternate function.

� � � � � � � � ,G[

; ; ; ,'(0' (;57& (;7.% ',602 ',6.% �$

� � � � 0$� 0$� 0$� 0$� 5HVHW

To enable DO outputs 16, 17, & 18, the DISKB bit is set.  When the DISKB bit is set it causes the keyboard clock,
data, and interrupt to be disabled. To enable DO outputs 19, 20, & 21, the DISMO bit is set.  When the DISMO bit
is set it causes the mouse clock, data and interrupt to be disabled.

If an external keyboard will be used, the EXTKB bit should be set.  This will enable the keyboard chip select
function for the pin on the R380EX.

When set, the EXTRTC bit enables the RTC_AS, RTC_RD#, RTC_WR# pin functions of the R380EX. When clear,
RTC_IRQ, LED1#, and LED0# pin functions are enabled instead.

The IDEMD bit, when set, causes the R380EX to generate much shorter bus cycles to the I/O address space
occupied by IDE. This allows the R380EX to support EIDE drives, in PIO mode 3 or 4, at a much higher transfer
rate.  Not all IDE drives capable of  PIO mode 3 will be able to support the minimum read/write cycle time of the
R380EX (180ns), but all IDE drives capable of  PIO mode 4 should be capable of supporting this cycle time.  The
specific EIDE drive specifications must be checked for compatibility.  When the IDEMD bit is clear, PIO mode 0
(the old IDE timing) is supported.

60,�7,0(5�&21752/�5(*,67(5
A write to the SMI Timer Control Register sets the Clock Prescaler Bit (PRE) state and the value in the 12-bit Idle
Timer Latch.  Writes to the Idle Timer Latch write through the latch and into the counter as well.  Reads from the
SMI Timer Control Register return the value in the Idle Timer Counter as well as the state of the PRE bit.

�� �� �� �� �� �� � � � � � � � � � � ,G[
35( 5HVHUYHG ,GOH�WLPHU�ODWFK��ZU���WLPHU�FRXQWHU��UG� �%

� � � � � � � � � � � � � � � � 5HVHW

If an Idle Timer countdown or reload event occur during a read of the Idle Timer (i.e., an SMI Timer Control register
read), the countdown and/or the reload event is delayed until after the read is completed.  If both events are delayed
during the read, only the reload is performed after the read.  If PRE is set, a 16 hertz clock is used to decrement the
timer counter, and the counter can be set to a value in the range from about 63 milliseconds to about 256 seconds.
When PRE is 0, a 1024 hertz clock is used to decrement the timer/counter, and the counter can be set to a value  in
the range from about 1ms to about 4 seconds.

The timer/counter is set to the Idle Timer Latch Value whenever any of the following events occur:  the ACTIVITY#
pin is asserted and bit 7 of DIO Configuration Register is 0 (enabling ACTIVITY# instead of DIO7 onto pin 124),
the internal programmable chip select is enabled (see bit 6 of the SMI Control/Status Register) and asserted, the idle
timer latch (SMI Timer Control)  is written to by software,  or the counter is at zero and the SMI has been
acknowledged by the Intel386 EX (SMIACT is asserted).

 If the timer/counter reaches zero, an SMI event is signaled (if SMI is enabled) and the timer is stopped.   In this
case, the timer is reloaded in response to SMIACT being asserted. Both the Idle Timer Latch and the timer/counter
are cleared on HW reset. The prescaling counter (counts down) is also preset to all  1’s by reset or a write to this
register.
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60,�&21752/�67$786�5(*,67(5
The SMI Control/Status Register contains the global SMI enable and the SMM RAM Map enable, and enables the
sources for  SMI generation.  It also contains several read-only status bits.

�� �� �� �� �� �� � � � � � � � � � � ,G[

569 0)*/3 )83' +/76 7(;3 (;7� (;7� 60,0$3 (13&6 (160, 6:60, (1+/7 (17,0 ((;7� ((;7� �&

� � � � � � � � � � � � � � � 5HVHW

The EEXT[1:0] bits enable an SMI event when one of the corresponding EXTSMIx  pins is asserted.  These bits are
cleared on HW reset.

The ENTIM bit enables the SMI timing event when the SMI timer times out.  This bit is cleared on HW reset.

The ENHLT bit enables an SMI event when a HALT bus cycle is detected on the Intel386 EX bus. This bit is
cleared on HW reset.

The SWSMI bit is a software triggerable SMI event bit.  When set, an SMI event is signaled.  This bit is cleared on
HW reset.

The ENSMI bit is the overall SMI event enable. This bit must be set to allow any SMI event to be signaled to the
Intel386 EX.  This bit is cleared on HW reset.

The ENPCS bit, when set, enables the CS_USR0 programmable chip select’s output, when asserted, to set the idle
timer back to its latch value.  The chip select’s daisy chaining capability works for this application as well. When
CS_USR0 is used in this mode,  the IOR  and/or the IOW qualification bits of the CS_USR0 chip select register (and
other chip select registers daisy-chained into CS_USR0)  would normally  be set to avoid spurious assertions of
CS_USR0 in response to ISA bus address transitions.

The SMIMAP bits allow the SMI memory to be mapped to different regions of the DRAM when SMIACT is
asserted as described in the following table.  These bits are cleared on HW reset.

60,0$3>���@ $GGUHVV�0DSSLQJ�)XQFWLRQ
�� $GGUHVV�PDSSLQJ�GLVDEOHG�LQ�DOO�PRGHV

�� :KHQ�60,�LV�DFWLYH��WKHQ�UHPDS��[[[[�→�$[[[[�DQG��[[[[�→�%[[[[

�� �[[[[�→�$[[[[����[[[[�→�%[[[[�QRUPDOO\��DQG�LI�60,�LV�DFWLYH�
WKHQ�DOVR�UHPDS��[[[[�→��[[[[�DQG��[[[[�→��[[[[

6WDWXV�,QGLFDWLRQ�RI�WKH�60,�&RQWURO�6WDWXV�5HJLVWHU�� The TEXP, EXT1, EXT0, HLTS bits are status bits used to indicate
which of the respective SMI sources caused  the SMI interrupt.  When an SMI event is signaled to the Intel386 EX,
the corresponding bit in the register is set to indicate the source of the SMI event.  These bits can be set without
asserting an SMI#, if the overall SMI enable bit, ENSMI, is set to a 0; however, the individual SMI source enable
bits must be set to allow a software polled mode of operation of the respective status bits.  These status bits are
cleared on HW reset, or can be cleared by writing a “0” to the corresponding bit. Writing a “1” into a bit will not
change the state of the bit, and enables multiple event status to be maintained.

The MFGLP and FUPD bits are read-only status bits that follow the state of the corresponding R380EX external pin.
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352*5$00$%/(�&+,3�6(/(&7����3&6����&203$5(�$1'�0$6.�5(*,67(5
The four user-programmable I/O chip selects can be programmed and used  individually or they can be “daisy-
chained” together to form one or two extended chip select outputs that can decode up to four discontiguous regions.
They can be combined as a group of four, three, or two chip selects.

Further, these programmable chip selects can be used to reset the SMI activity timer, even if the external
programmable chip select pins are being used as digital I/O.

�� �� �� �� �� �� � � � � � � � � � � ,G[

02'( 25 ,25 ,2: &�� &RPSDUH�DQG�PDVN�ELWV �'

� � � � � � � � � � � � � � � � 5HVHW

When set, the OR bit in the PCSx Register normally causes CS_USR(x+1) to be OR’ed into CS_USR(x).  To
eliminate building a circular latch circuit, CS_USR3 is a “boundary case” that does not implement the normal OR bit
function. The OR bit in this case is just a read/writeable bit and  serves no other useful function. For PCS0, the OR
bit, when set causes CS_USR1 to be OR’ed into CS_USR0.

When set, the IOR bit in the PCSx Register requires IOR to be asserted along with the appropriate address to assert
the chip select.

When set, the IOW bit in the PCSx Register requires IOW to be asserted along with the appropriate address to assert
this chip select.

If both IOR and IOW bits are set, then the chip select is asserted whenever either IOR or IOW is asserted along with
appropriate address. If neither bit is set, the chip select is asserted on the basis of the address decode alone.

The C15 bit in the PCSx Register is always compared to the address bit 15. If it does not match the chip select is  not
asserted.

The 10 bit compare and mask bit field in the PCSx Register is interpreted on the basis of the MODE bits as follows:

0RGH 'HFRGH�IXQFWLRQ
�� 'LVDEOH�WKH�FKLS�VHOHFW�

�� 'HFRGH�D�VLQJOH��E\WH�DGGUHVV�XVLQJ��WKH�FRPSDUH�DQG�PDVN�ELWV�DV�$>���@�FRPSDULVRQ�ELWV�RQO\�

�� 'HFRGH�D�SRZHU�RI���UHJLRQ�RI�DGGUHVV�VSDFH�XVLQJ�WKH�FRPSDUH�DQG�PDVN�ELWV�DV�GHVFULEHG�EHORZ�

�� 6DPH�DV�0RGH�����EXW��DOVR�DVVHUW�,2&6���

3&6[�02'(���������&KLS�6HOHFW�%ORFN�'HFRGLQJ�  When the MODE bits are set to “10” or “11”, the Compare And Mask
bits are used as follows.  The least significant bit of the Compare And Mask Field bits that is a “0” specifies the
demarcation line that separates the Compare Field bits from the Mask Field bits. The “first 0” and the bits of lower
significance (all must be “1s”) than this “first  0” cause the corresponding address bit(s) to be masked off.  Only the
Compare And Mask Field bits “to the left” of the “first 0” are used to compare to the corresponding address  bits to
determine if the chip select is to be asserted.

For example, if the Compare And Mask Field contains a “01 1111 0011” , then the Mask Field would be the three
LSBs: “011”, and the Compare Field bits would be “01 1111 0xxx” where the xxx fills in the mask field bits.  With
the Compare And Mask Field programmed as described, the address range 0x1F0-0x1F7 would cause the chip select
to be asserted.
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3&6���&203$5(�$1'�0$6.
The PCS 1 register performs the same function as PCS0 except that CS_USR1 is asserted when the comparitor
matches and the OR bit causes  the CS_USR2  to be OR’ed into CS_USR1.

�� �� �� �� �� �� � � � � � � � � � � ,G[

02'( 25 ,25 ,2: &�� &RPSDUH�DQG�PDVN�ELWV �(

� � � � � � � � � � � � � � � � 5HVHW

The PCS 1 Register is cleared on HW reset.

3&6���&203$5(�$1'�0$6.
The PCS 2 register performs the same function as PCS0 except that CS_USR2 is asserted when the comparitor
matches and the OR bit causes  the CS_USR3 to be OR’ed into CS_USR2.

�� �� �� �� �� �� � � � � � � � � � � ,G[

02'( 25 ,25 ,2: &�� &RPSDUH�DQG�PDVN�ELWV �)

� � � � � � � � � � � � � � � � 5HVHW

The PCS 2 Register is cleared on HW reset.

3&6���&203$5(�$1'�0$6.
The PCS 3 register performs the same function as PCS0 except that CS_USR3 is asserted when the comparitor
matches  The OR bit serves no useful purpose for this “boundary” case.

�� �� �� �� �� �� � � � � � � � � � � ,G[

02'( 25 ,25 ,2: &�� &RPSDUH�DQG�PDVN�ELWV ��

� � � � � � � � � � � � � � � � 5HVHW

The PCS 3 Register is cleared on HW reset.

/('�&21752/�5(*,67(5
The LED Control Register controls the LED pins.

� � � � � � � � ,G[

5HVHUYHG 7HVW�FRQWURO /('��FRQWURO /('��FRQWURO ��

� � � � � � � � 5HVHW

The low order two bits control the LED0 pin.  The next two bits control the LED1 pin.

The Test control bits allow the LED0 and LED1 logic circuitry  to be tested quickly.  In a system, these bits would
normally be set to zero and never changed.

All bits in the LED Control Register are cleared on HW reset.
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Each of the two pins can drive an LED. The two register bits associated with each pin control the output in the
following way:

�� /('�RII��RXWSXW�LV�KLJK�

�� /('�RQ��RXWSXW�LV�ORZ�

�� /('�IODVKHV�RQFH��RQ�IRU�DERXW�����VHFRQGV��DIWHU�ELWV�ZULWWHQ�DV����


�� /('�IODVKLQJ��DERXW���+]�UDWH�������VHFRQG�RQ������VHFRQG�RII�

*The 10 encoding will be reset back to 00 encoding, once the LED has flashed for 0.5 seconds. This prevents the
LED from continued flashing and allows software to once again write a 10 encoding into the bits to cause the LED to
flash for another 0.5 seconds.

Please note that the changing the above bits from a 11 or a 01 encoding to a 10 encoding will result in an
unpredictable LED blink pattern.  The LED should be in the “LED off” state (00) before writing these bits to the 10
encoding to cause a single flash.  Also, all timing for the LEDs is based upon the RTC-X1 crystal/clock input and
assumes a 32,768 hertz signal is supplied.

The Test Control Register bits are defined as follows:

�� 1RUPDO�RSHUDWLRQ��/('V�DUH�FRQWUROOHG�DV�GHVFULEHG�DERYH�

�� 1RUPDO�RSHUDWLRQ�IRU�/('���/('��RXWSXWV�57&B;��LQSXW��QRUPDOO\�������
+HUW]��

�� 7HVW�/('���7KH�/('��WLPHU�FRXQWHU�LV�VXEGLYLGHG�LQWR����ELW�DQG���ELW
VHFWLRQV�ZKRVH�RXWSXWV�DUH�GULYHQ�RQ�WKH�/('������+]��DQG�/('������+]�
RXWSXWV�DVVXPLQJ�D��������+]�57&B;��LQSXW�

�� 7HVW�/('���7KH�/('��WLPHU�FRXQWHU�LV�VXEGLYLGHG�LQWR���ELW�DQG���ELW�VHFWLRQV
ZKRVH�RXWSXWV�DUH�GULYHQ�RQ�WKH�/('������+]��DQG�/('������+]��RXWSXWV
DVVXPLQJ�D��������+]�57&B;��LQSXW�

Except for the 01 encoding above, the test encodings must be used in conjunction with the LED1/0 control encodings
to test an LED counter timer.  To test LED0, for example, the test control bits would be set to 10 and one must
additionally  set the LED0 control to the 10 or 11 setting to enable counting.

&/2&.�5(6(7�&21752/�5(*,67(5
All Clock/Reset Control Register bits are cleared by HW reset, except CDIV1, as described in the following
paragraphs.

� � � � � � � � � � ,G[

+/76 (1:'7 (1.%5 '(/� '(/� (1+/7 6',9� 6',9� &',9� &',9� ��

� � � � � � � � � � 5HVHW

CDIV1 and CDIV0 specify the divide ratio for CLK2OSC that is used to generate the CLK2OUT signals as shown
in the followng table.

&',9� &',9� &/.�287[�RXWSXW
� � &/.�26&�GLYLGHG�E\��

� � &/.�26&�GLYLGHG�E\���

� ��� &/.�26&�GLYLGHG�E\��

CDIV1 and CDIV0 are initially reset to 0, but CDIV1 is set to 1 immediately after RESETCPU is driven deasserted.
This allows phase synchronization to occur, at a lower local bus clock frequency, when RESETCPU is deasserted.
This is done so that the setup and hold time parameters are met with very conservative timings and, yet, still allow
the Intel386 EX to begin execution immediately following reset at the highest clock rate. In order to guarantee a
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single CLK2OUT frequency transition the system’s software must make only gray-code type transitions when
changing  these bits.

SDIV1 and SDIV0 specify the CLK2IN divide ratio used to generate the ISA bus BCLK signal according to the
following table.

6',9� 6',9� %&/.�RXWSXW
� � &/.�,1�GLYLGHG�E\��

� � &/.�,1�GLYLGHG�E\��

� � &/.�,1�GLYLGHG�E\��

� � UHVHUYHG

For 66, 50 and 32MHz CPU clock, one should set this field to 00, 01, and 10 respectively.  This will yield 8.25,
8.33, and 8MHz for the BCLK frequency.  When the CLK2OUTx output is connected to the CLK2IN input on the
R380EX as recommended, then the BCLK and CLK2OUT dividers act in “series”.  For example, if all four clock
divide bits are set to 0, then a 66MHz CLK2OSC input would be divided down to 16.5MHz to supply the
CLK2OUT pin.  The BCLK output would be 2.0625 MHz in this case.

When set, the  ENHLT bit enables glitchless switching of the CLK2OUT signal to a 32KHz (RTC_X1) frequency
and allows the system to conserve power while the Intel386 EX is in the HALT state.  In addition, this bit enables
generating an active low OSC_OFF signal.  OSC_OFF is a shared function of  the NAND_OUT pin.  OSC_OFF can
be used to  powerdown an external oscillator or PLL clock synthesis chip to further reduce system power
consumption.   When the external oscillator is powered-down by this signal, then the DEL1 and DEL0 bits should be
set to a non-zero setting as described below.

When exiting the HALT state, the DEL1 and DEL0 bits allow a programmable start-up delay before the CLK2OUT
output is again sourced by the CLK2OSC clock input. The delay starts when an ADS# assertion is detected while the
R380EX is in the HALT state.  The OSC_OFF# signal is also deasserted upon detection of the ADS#.  During the
delay, the CLK2OUT output pin is held high.  After the delay expires, the CLK2OUT output is again sourced from
the CLK2OSC input. This allows an oscillator or PLL clock synthesis chip, that has been powered-down under
control of the OSC_OFF# signal, time to  return to its rated output frequency before it is again supplied through the
CLK2OUT pin.

The encoding of the DEL1 and DEL0 control bits is described in the table below.

'(/� '(/� 'HOD\
� � �
� � �PV
� � �PV
� � ���PV

When set, the ENKBR bit enables CPURESET to be asserted whenever a “keyboard reset” is issued. This is
typically an I/O write to 0x64 with data  of 0xFE.  The RESETDRV signal is unaffected by this bit and will not be
driven in response to a keyboard reset.  The initial edge of this reset  starts a CLK2IN timer in the R380EX that
guarantees that the CPURESET signal is driven active for a minimum of 32 CLK2IN cycles.

When set, the ENWDT bit enables CPURESET and RESETDRV to be asserted whenever the WDTIN pin is
asserted. The initial edge of this reset  starts a CLK2IN timer in the R380EX that guarantees that the CPURESET
signal is driven active for a minimum of 32 CLK2IN cycles.

The HLTS bit is a status bit that is set when a HALT instruction is executed by the Intel386 EX. This bit can be
cleared by writing a “0” into this bit. Writing a “1” into this bit retains the previous value of HLTS.  This bit could
be used by system software (e.g., DOS) that uses a time of day interrupt to keep time. If the HLTS bit is set, the
interrupt routine could copy the RTC data to the DOS time of day and then reset the bit.  With the HLTS bit clear,
the time of day should be correct, and  the routine would update the time of day using the normal procedure.
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'5$0�&21752/�5(*,67(5

�� �� �� �� �� �� � � � � � � � � � � ,G[

5HVHUYHG 3% 6% %� %$1.%6,=( $� %$1.$6,=( ��

� � � � � � � � � � � � � � � � 5HVH
W

The BANKBSIZE and BANKASIZE bits each  use the 3-bit encoding in the table below to determine their respective
bank  sizes:

%$1.[6,=( %DQN�6L]H ��5RZ�$GGU� ���&RO��$GGU�
��� %DQN�LV�QRW�SUHVHQW � �

��� %DQN·V�VXE�EDQN�LV��������.�[��� � �

��� %DQN·V�VXE�EDQN�LV��������.�[��� �� �

��� %DQN·V�VXE�EDQN�LV�������.�[��� �� ��

��� %DQN·V�VXE�EDQN�LV�������.�[��� �� ��

��� %DQN·V�VXE�EDQN�LV�������.�[��� �� ��

��� %DQN·V�VXE�EDQN�LV�������.�[�����RQO\�LI�0$���HQDEOHG �� ��

��� %DQN·V�VXE�EDQN�LV������.�[�����RQO\�LI�0$���HQDEOHG �� ��

The MA11 signal must be enabled for 110 and 111 encodings to be valid. The R380EX will consider the bank to not
be present if MA11 is disabled and one of these final two encodings has been selected.  A hardware reset causes
BANKASIZE to default to the 001 encoding above (256Kx16). BANKBSIZE defaults to the 000 encoding (bank
not present) on reset.

The A2 and B2 bits determine if the second sub-bank of their respective bank are present (RASAS# and RASBS#
are used). If  present, these sub-banks must be the same size as first sub-bank in the bank (i.e. if present, the bank
size bits also specify the size of the second sub-bank in the bank), and, the second sub-bank’s starting address will
follow immediately after the ending address of the first sub-bank in the bank.  If A2 is set, then the R380EX will
assert RASAS# for the appropriate address range. The B2 also helps determine if the second bank of sub-bank B is
present, but is only valid when MA11 is not enabled. The R380EX will only support the second half of sub-bank B
DRAMs when the B2 bit is set and MA11 is not enabled. All other conditions will result in disabling second bank of
sub-bank B.

The SB bit determines the starting address of  bank B DRAM (or DRAM-style flash). If  SB is set, then, regardless
of bank A’s size, bank B’s starting address is 0x200_0000 (i.e., it starts at 32MB). If SB is clear, then bank B’s
starting address  immediately follows the last address that is consumed by bank A’s memory.

The PB bit, when set, write protects bank B. When clear, writing to bank B is enabled. This may be useful if bank B
holds Intel DRAM-style flash.

The table below shows the fixed DRAM address multiplexing scheme that is used by the R380EX. The Ax entries
refer to the corresponding Intel386 EX address bit.

0$�ELW�SRVLWLRQ 0$�� 0$�� 0$� 0$� 0$� 0$� 0$� 0$� 0$� 0$� 0$� 0$�

&ROXPQ�DGGUHVV�ELWV $�� $�� $�� $� $� $� $� $� $� $� $� $�

5RZ�DGGUHVV�ELWV $�� $�� $�� $�� $�� $�� $�� $�� $�� $�� $�� $��
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'5$0�7,0,1*�5(*,67(5

�� �� �� �� �� �� � � � � � � � � � � ,G[
02'( (% ($ 5()7,0 ,5 &' 53% &3% 0'% &$% 53$ &3$ 0'$ &$$ ��

� � � � � � � � � � � � � � � � 5HVHW

The CAA and CAB bits determine CAS assertion widths for the A and B banks respectively.  When the CAx bit is 0,
CAS is asserted for 3 CLK2 cycles on a read and for 2 CLK2 cycles on a write. When the bit is a 1, CAS is asserted
for 5 CLK2 cycles on a read, and for 4 CLK2 cycles on a write.  These bits  are overridden when the MODE field is
set to 01 as described below.

The MDA and MDB bits determine the delay between RAS# and  the MAx (multiplexed address), and also the MAx
to CAS# delay.  When  these bits are set, the default state,  MDA/B  cause a two CLK2 cycle delay on each side of
MAx address row-to-column transition   When these bits are clear, there is only a single CLK2 delay on each side of
an MAx address transition.  Even though a single CLK2 delay will usually satisfy the row address hold and column
address setup parameters of even the slowest DRAMs, setting this parameter to a two CLK2 delay only affects the
access time of a “new” page access.  Thus, this parameter may be used to get extra RAS# access time for the first
access in a page without adding wait-states to subsequent page-hit accesses.

The CPA and CPB bits determine the minimum CAS precharge time for each bank.  When set, the default state,
CPA/B cause the CAS# precharge time of the respective bank to be set to two CLK2 cycles in width. When clear,
CAS# precharge time is limited to a single CLK2 cycle.

The RPA and RPB bits determine the minimum RAS precharge time, and the active time during refresh. When set,
the default state,  these bits cause the RAS# precharge time of the respective bank to be set to five CLK2s. Also the
refresh RAS# active time is set to seven CLK2s.  When clear, RAS# precharge time is set to 3 CLK2s and active
refresh time is set to five CLK2s.

The  CD bit sets the CAS assertion delay from the time when write data is enabled by the Intel386 EX, for both
banks of DRAM.  When set, the default state,  the delay is set to four  CLK2s. When clear, the delay is set to two
CLK2s.

The IR bit determines whether ISA bus refresh is enabled.  When set, the default state, ISA bus refresh is enabled.
When clear, ISA bus refresh is disabled.

The REFTIM bits determine the refresh strategy and period to be used on the DRAM. The table below details the
refresh functions supported.

5()7,0�HQFRGLQJ 5HIUHVK�IXQFWLRQ
�� UHIUHVK�GLVDEOHG

�� LQLWLDWHG�E\�,QWHO����(;�UHIUHVK�F\FOHV

�� HYHU\������XVHF��������+]�
�����7KH�GHIDXOW�DIWHU�UHVHW�

�� HYHU\����XVHF��������+]�����

The EA and EB bits determine the type of  DRAM installed in each bank.  When set, EA/B cause the R380EX to
generate DRAM timing that supports EDO DRAMs for the respective bank. When clear, the default state,  the
R380EX generates timing to support FPM DRAMs.
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The MODE bits control the overall DRAM access strategy as shown in the following table.

02'( )XQFWLRQ
�� QR�3DJH�0RGH���GRQ·W�DVVHUW�1$���GHIDXOW�DIWHU�UHVHW�

�� QR�3DJH�0RGH���GRQ
W�DVVHUW�1$���VORZ�UHDGV�WR�DOORZ�)30�YV�
('2�GHWHFWLRQ

�� 3DJH�0RGH��DVVHUW�1$���QRUPDO�RSHUDWLRQ�PRGH�IRU�HLWKHU�)30
RU�('2�'5$0

�� 5HVHUYHG

5(6(59('�5(*,67(5
This register is only useful for testing.

�� �� �� �� �� �� � � � � � � � � � � ,G[

5HVHUYHG ��

Writes to this register will corrupt (clear parts of) the RTC counter. Reads returned undefined data.

)8//�,�2�'(&2'(�5(*,67(5
1RWH��7KLV�UHJLVWHU��LV�D�QHZ�IHDWXUH�LQ�WKH�5HY����VLOLFRQ�

�� �� �� �� �� �� � � � � � � � � � � ,G[

5HVHUYHG )XOO�'HFRGH ��

� � � � � � � � � � � � � � � � 5HVHW

Bit 0 of the Full I/O Decode Register is used to select the partial or full decoding of R380EX internal PC-compatible
resource I/O addresses.  When set, the internal PC-compatible resources (RTC, Keyboard/Mouse controller, IDE
interface, Port B register) are decoded using the full 16 bit I/O address.  This results in no aliasing above 0x3ff.
When clear, the addresses for the internal PC-compatible resources are decoded using address bits 0-9 only and will
be aliased above 0x3ff.

The reset condition is clear, and backward compatible with Rev 0/1 silicon.
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XIX. Electrical Characteristics

0$;,080�5$7,1*6

7DEOH������0D[LPXP�5DWLQJV

&RQGLWLRQ 5DWLQJ
&DVH�7HPSHUDWXUH�8QGHU�%LDV ���&�WR����&�

6WRUDJH�7HPSHUDWXUH ���&�WR����&�

6XSSO\�9ROWDJH�ZLWK�5HVSHFW�WR�*URXQG ����9�WR�9FF������9

9ROWDJH�RQ�DQ\�SLQ ����9�WR�9FF������9

&DXWLRQ���6WUHVVLQJ�WKH�GHYLFH�EH\RQG�WKH�$EVROXWH�0D[LPXP�5DWLQJV�PD\�FDXVH�SHUPDQHQW�GDPDJH�
7KHVH�DUH�VWUHVV�UDWLQJV�RQO\���2SHUDWLRQ�EH\RQG�WKH�2SHUDWLQJ�&RQGLWLRQV�LV�QRW�UHFRPPHQGHG�DQG
H[WHQGHG�H[SRVXUH�EH\RQG�WKH�2SHUDWLQJ�&RQGLWLRQV�PD\�DIIHFW�UHOLDELOLW\�

'&�&+$5$&7(5,67,&6������92/7

7DEOH������'&�&KDUDFWHULVWLFV������9ROW��9&&� ����9�±������7F� ����°&�WR����°&�
6\PERO 3DUDPHWHU 0LQ 0D[ 8QLWV 7HVW�&RQGLWLRQV 1RWHV
9
,/

,QSXW�ORZ�YROWDJH ��� 9

9
,+

,QSXW�KLJK�YROWDJH ��� 9

9
2/�

2XWSXW�ORZ�YROWDJH ��� 9 ,
2/�

 ���P$ �

9
2+�

2XWSXW�KLJK�YROWDJH ��� 9 ,
2+�

 �����P$ �

9
2/�

2XWSXW�ORZ�YROWDJH ��� 9 ,
2/�

 ��P$ �

9
2+�

2XWSXW�KLJK�YROWDJH ��� 9 ,
2+�

 ����P$ �

9
2/�

2XWSXW�ORZ�YROWDJH ��� 9 ,
2/�

 ��P$ �

9
2+�

2XWSXW�KLJK�YROWDJH ��� 9 ,
2+�

 ����P$ �

,
,/�

,QSXW�OHDNDJH�FXUUHQW ±�� µ$
,
,/�

,QSXW�OHDNDJH�FXUUHQW ±��� µ$ �

,
/2

2XWSXW�OHDNDJH�FXUUHQW ±�� µ$
&
,1

,QSXW�FDSDFLWDQFH � S)

&
287

2XWSXW�RU�,�2�FDSDFLWDQFH �� S) #��0+]

,
&&

9
&&

�VXSSO\�FXUUHQW ��� P$ #��0+]��9
&&�

 �����9

1RWHV�

�� $SSOLHV�WR�RXWSXWV�ZLWK���P$�GULYHUV�
�� $SSOLHV�WR�RXWSXWV�ZLWK��P$�GULYHUV�
�� $SSOLHV�WR�RXWSXWV�ZLWK��P$�GULYHUV�
�� 7KLV�DSSOLHV�WR�LQSXWV�WKDW�KDYH�ZHDN�LQWHUQDO�SXOO�XSV�RU�SXOO�GRZQV�
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'&�&+$5$&7(5,67,&6������92/7

7DEOH������'&�&KDUDFWHULVWLFV������9ROW��9&&� ����9�±������7F� ����°&�WR����°&�
6\PERO 3DUDPHWHU 0LQ 0D[ 8QLWV 7HVW�&RQGLWLRQV 1RWHV
9
,/

,QSXW�ORZ�YROWDJH ��� 9

9
,+

,QSXW�KLJK�YROWDJH ��� 9

9
2/�

2XWSXW�ORZ�YROWDJH ��� 9 ,
2/�

 ��P$ �

9
2+�

2XWSXW�KLJK�YROWDJH ��� 9 ,
2+�

 ���P$ �

9
2/�

2XWSXW�ORZ�YROWDJH ��� 9 ,
2/�

 ��P$ �

9
2+�

2XWSXW�KLJK�YROWDJH ��� 9 ,
2+�

 ���P$ �

9
2/�

2XWSXW�ORZ�YROWDJH ��� 9 ,
2/�

 ��P$ �

9
2+�

2XWSXW�KLJK�YROWDJH ��� 9 ,
2+�

 ���P$ �

,
,/�

,QSXW�OHDNDJH�FXUUHQW ±�� µ$
,
,/�

,QSXW�OHDNDJH�FXUUHQW ±��� µ$ �

,
/2

2XWSXW�OHDNDJH�FXUUHQW ±�� µ$
&
,1

,QSXW�FDSDFLWDQFH � S)

&
287

2XWSXW�RU�,�2�FDSDFLWDQFH �� S) #��0+]

,
&&

9
&&

�VXSSO\�FXUUHQW ��� P$ #��0+]��9
&&�

 �����9

1RWHV�
�� $SSOLHV�WR�RXWSXWV�ZLWK���P$�GULYHUV�
�� $SSOLHV�WR�RXWSXWV�ZLWK��P$�GULYHUV�
�� $SSOLHV�WR�RXWSXWV�ZLWK��P$�GULYHUV�
�� 7KLV�DSSOLHV�WR�LQSXWV�WKDW�KDYH�ZHDN�LQWHUQDO�SXOO�XSV�RU�SXOO�GRZQV�

5($/�7,0(�&/2&.�&+$5$&7(5,67,&6�

7DEOH������5HDO�7LPH�&ORFN�&KDUDFWHULVWLFV���7F� ����°&�WR����°&�
6\PERO 3DUDPHWHU 0LQ 0D[ 8QLWV 7HVW�&RQGLWLRQV 1RWHV

9
57&9&&

5HDO�7LPH�&ORFN�6XSSO\�9ROWDJH ��� 9&& 9 9&&� ����3RZHUGRZQ �

1RWHV�

�� 5HTXLUHG�IRU�FRQWLQXHG�RSHUDWLRQ�RI�UHDO�WLPH�FORFN���$FWLYH�LQSXWV�RQ�57&B;��DQG�57&B;��UHTXLUHG�IRU�WLPH�NHHSLQJ�

,1387�&$3$&,7$1&(
Input capacitance for any output or I/O pin: 15pF max.

Input capacitance for any input pin: 10pF max.

$&�&+$5$&7(5,67,&6
To Be Specified

$&�7,0,1*�',$*5$06
To Be Specified
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XX. Mechanical Specifications

3$&.$*,1*�$1'�',0(16,216
The R380EX is packaged in a 208-pin plastic quad flat pack, as shown in the following illustration.  Package
dimensions are listed in Table 20.1.

Figure 20.1:  R380EX Dimensions
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7DEOH��������5���(;�'LPHQVLRQV

6\PERO 0LQLPXP 1RPLQDO 0D[LPXP

$ ���� ����

$� ����� ����

$� ���� ���� ����

' ����� ����� �����

'� ����� ����� �����

( ����� ����� �����

(� ����� ����� �����

/ ���� ���� ����

H ���� ���� ����

% ���� ����

F ���� ���� ����

D� � ��

E� � �

J� � ��

* ���� ����

+ �����5HI

- ���� ����

. ����

�+ ���
1RWH��$OO�GLPHQVLRQV�LQ�PP�

7+(50$/�63(&,),&$7,216
The R380EX operates over the case temperature range of -40 to +85 °C.  The thermal characteristics of the package
are to be specified.  Under no circumstance should the case temperature of the package exceed 105 °C.
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XXI. Testability

*/2%$/�75,67$7(
Asserting the FLOAT# input causes all of the output and I/O pins, except for the NAND output, to be tristate and
enables the NAND tree.  If any one input is low and all other inputs are high then the NAND signal is high,
otherwise it is low.  The FLOAT# input should be unasserted for normal operation.

1$1'�75((�25'(5
The NAND Tree starts with pin 2 and connects to all applicable pins sequentially through pin 114.  The order is then
114, 116, 115, 117, 118.  It then continues on linearly from pin 118 through pin 207.  The following pins are
excluded from the NAND Tree: Power (Vdd) and Ground (Vss) pins including RTC_VCC, FLOAT#, MA0,
PWRGD, RTC_X1 and RTC_X2.
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This document contains all known errata items, as of
February 23, 1996, for the revision 0 silicon of the
RadiSys R380EX Embedded System Controller chip.

The Table A.1 summarizes the errata items which are
then explained in detail.  Work-around suggestions are
presented as appropriate.

7DEOH�$����5���(;�(UUDWD�/LVW�IRU�5HYLVLRQ���6LOLFRQ

5(9��

(UUDWD��

'HVFULSWLRQ )L[HG�,Q�5HY

� ��.+]�RVFLOODWRU�GRHV�QRW�RVFLOODWH�ZKHQ�SRZHUHG�IURP�D�EDWWHU\� �

� .H\ERDUG�,54�DQG�0RXVH�,54�SLQV�DUH�VZDSSHG� �

� ,QWHUQDO�NH\ERDUG�GRHV�QRW�WUDQVPLW�FRGHV�WR�NH\ERDUG�FRUUHFWO\� �

� ,QWHUQDO�NH\ERDUG·V�VFDQ�WUDQVODWLRQ�ELW�LQ�WKH�FRPPDQG�E\WH�LV�LQYHUWHG� �

� ,QWHUQDO�57&����������SRZHU�VHQVH��36��LQSXW�SLQ�LQSXW�DQG�,54�RXWSXW�SLQ�DUH�LQYHUWHG �

� ,QWHUQDO�36���FRPSDWLEOH�PRXVH�FRQWURO�LV�QRQ�IXQFWLRQDO �

� $GGUHVV�SLSHOLQLQJ�PDOIXQFWLRQV�LQ�VHYHUDO�PRGHV �

� 5HDG\��5($'<����SLQ�VLJQDOLQJ�OLPLWV�RSHUDWLRQ�WR���0K] �

� 4'$&.$�RXWSXW�SLQ��LV�LQYHUWHG �

�� 4'$&.$�SLQ�LV�VRXUFHG�IURP�'$&.%��SLQ� 1R�FKDQJH

�� '0$�F\FOHV�WKDW�IROORZ�LPPHGLDWHO\�DIWHU�DQ�,6$�EXV�VSOLW�WUDQVDFWLRQ�PDOIXQFWLRQ �

�� 5HIUHVK�ELW���ELW���RI�WKH�3RUW%��L�R�DGGUHVV��[����GRHV�QRW�WRJJOH �

�� ,'('��SLQ�GRHV�QRW�ZRUN�SURSHUO\ �

�� '5$0+/'$��'$7$B(1��3RZHU�XS�FRQILJXUDWLRQ�UHYHUVHG� 1R�FKDQJH

(UUDWD�������.+]�RVFLOODWRU�GRHV�QRW�RVFLOODWH�ZKHQ�SRZHUHG�IURP
D�EDWWHU\�
When battery operation of the RTC is attempted with
the chip’s main VDD power removed, the RTC’s
32KHz oscillator is unable to oscillate. The RTC_X1,
RTC_X2, and RTC_PS pin’s input protection diodes are
tied to the R380EX’s core VDD.  When VDD is
removed, with RTC_VCC powered, the current path
through the diodes attempts to power the core and
everything else attached to the R380EX VDD pins.

Revision 1 silicon will correct this problem.

:RUNDURXQG���If battery operation of the RTC is required,
use an external RTC.

(UUDWD�����.H\ERDUG�,54�DQG�0RXVH�,54�SLQV�DUH�VZDSSHG�
In Revision 0 silicon, KB_IRQ is on pin 43 and
MO_IRQ to pin 18.  As a result, when disabling the
keyboard signals to enable digital outputs DO16-18,  the
signals KB_DATA, KB_CLK, and MO_IRQ are
actually disabled.  When disabling the mouse signals to
enable digital outputs DO19-21, the signals MO_CLK,
MO_DATA, and KB_IRQ are actually disabled.

Revision 1 silicon will route  KB_IRQ to pin 18 and
MO_IRQ to pin 43 as shown on the data sheets, and the
keyboard and mouse signals will be disabled with the
proper grouping..

(UUDWD�����,QWHUQDO�NH\ERDUG�GRHV�QRW�WUDQVPLW�FRGHV�WR�NH\ERDUG
FRUUHFWO\�
The internal keyboard controller does not transmit
commands to the keyboard correctly.  The R380EX
keyboard controller does correctly receive scan codes
from the keyboard.  This does prevent R380EX host
system from correctly issuing any keyboard commands.
Users will notice the transmit problem when pressing
the Caps Lock, Num Lock, or Scroll Lock.  Although
these keys will toggle their respective functions
normally, the LED’s associated with these keys will not
change state.

Revision 1 silicon will correct this problem.

:RUNDURXQG���Use an external keyboard controller, if
command transmission to the keyboard is required by
the system.

Appendix A: R380EX Errata List For Revision 0 Silicon
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(UUDWD�����,QWHUQDO�NH\ERDUG·V�VFDQ�WUDQVODWLRQ�ELW�LQ�WKH�FRPPDQG
E\WH�LV�LQYHUWHG�
Keyboard controllers have a scan translation table
selection bit used to select raw or translated keycodes.
In the Revision 0 silicon, this bit is incorrectly inverted.

Revision 1 silicon will correct this problem.

:RUN�DURXQG
The scan translation bit is normally only accessed at
power-on by the BIOS.  A BIOS is  available from
RadiSys which automatically detects the R380EX
revision and flips this bit, if necessary.

(UUDWD�����,QWHUQDO�57&����������SRZHU�VHQVH��36��LQSXW�SLQ�LQSXW
DQG�,54�RXWSXW�SLQ�DUH�LQYHUWHG�
The RTC_PS input clears the valid RAM and time
indicator (VRT) bit in the RTC when it is deasserted.
De-assertion usually happens when the battery power
fails.  On revision 0 silicon, the RTC_PS input pin must
be taken high, rather than low, to clear the VRT bit. On
revision 0 silicon, the RTC_IRQ bit is asserted low
rather than high.

Revision 1 silicon will correct this problem.

:RUN�DURXQG
The RTC_IRQ pin must be inverted externally before it
is routed into the Intel386 EX. Due to errata #1, the
RTC_PS pin should be grounded when using Rev. 0
silicon.  Optionally, an external RTC may be used.

(UUDWD�����,QWHUQDO�36���FRPSDWLEOH�PRXVH�FRQWURO�GRHV�QRW
IXQFWLRQ�SURSHUO\�
The PS/2-compatible mouse controller portion of the
R380EX internal keyboard/mouse controller does not
function properly, and should not be used.

:RUNDURXQG���A mouse may be hooked to one of the
Intel386 EX’s serial ports. If a PS/2-compatible mouse
is desired, an external keyboard/mouse controller
(82PC42) will be required in conjunction with Revision
0 R380EX silicon.

(UUDWD�����$GGUHVV�SLSHOLQLQJ�PDOIXQFWLRQV�LQ�VHYHUDO�PRGHV�
The R380EX does not properly assert the NA# output
when configured to operate with Fast Page Mode
DRAM. In the DRAM Timing Register (index 14h),
FPM is selected when EB and EA (bits 13 and 12) are
clear.

The R380EX only asserts NA# properly when
configured to operate with Extended Data Out DRAM
(the EB and EA bits are set). In addition, CD (bit 8) in
the DRAM Timing Register must be clear for proper
pipelined operation.

Finally, the R380EX does not properly control the
DATA_EN# output when it encounters address
pipelining.

Revision 1 silicon will correct this problem.

:RUNDURXQG���Disable address pipelining by leaving the
R380EX’s NA# output unconnected and tying the
Intel386 EX’s NA# input to VCC. Or, if pipelining is
desired, use EDO DRAM, and make sure the CD bit is
clear. Also, do not use data transceivers between the
DRAM data bus and the Intel386 EX data bus.

1RWH��7KH�1$��LQSXW�WR�WKH�,QWHO����(;�PD\�EH�WLHG�WR
9&&���7KLV�FRPSOHWHO\�GLVDEOHV�DGGUHVV�SLSHOLQLQJ�
+RZHYHU��WKH�1$��LQSXW�PXVW�QRW�EH�JURXQGHG�LQ�DQ
DWWHPSW�WR�XQFRQGLWLRQDOO\�HQDEOH�DGGUHVV�SLSHOLQLQJ�
7KH�5���(;�LV�QRW�GHVLJQHG�WR�IXQFWLRQ�FRUUHFWO\�LI
DGGUHVV�SLSHOLQLQJ�LV�IRUFHG�RQ��,QVWHDG��FRQQHFW�WKH
1$��LQSXW�PD\�LQVWHDG�WR�WKH�FRUUHVSRQGLQJ�5���(;
RXWSXW���7KLV�DOORZV�WKH�5���(;�WR�LQLWLDWH�DGGUHVV
SLSHOLQLQJ�ZKHQ�DSSURSULDWH��VXEMHFW�WR�WKH�OLPLWDWLRQV
GHVFULEHG�LQ�WKLV�HUUDWD�

(UUDWD�����5HDG\��5($'<���VLJQDO�OLPLWV�RSHUDWLRQ�WR���0K]�
On Revision 0 silicon, READY# is returned to the
Intel386 EX in Phase 2 for ISA bus or internal R380EX
register accesses. This limits operation of the Revision 0
silicon to 25Mhz (50MHz CLK2)

Revision 1 silicon will correct this problem by returning
READY in Phase 1.

:RUNDURXQG���None: Operation is limited to 25MHz.

(UUDWD�����4'$&.$�RXWSXW�SLQ��LV�LQYHUWHG�
The QDACKA pin is driven high to signal a DMA
acknowledge cycle. The ISA bus requires an active low
version of this signal.

Revision 1 silicon will correct this problem.

:RUNDURXQG���Add an external inverter to this signal.

(UUDWD������4'$&.$�SLQ�LV�VRXUFHG�IURP�'$&.%��LQSXW�SLQ�
Initial documentation indicates that DACKA# input pin
is used to derive the QDACKA output. The
documentation will be changed to reflect the renaming
of QDACKA to QDACKB.

Revision 1 silicon will not change this function, the
documentation will reflect the name change.

:RUNDURXQG���Use the DACKB# input when QDACKB is
desired.
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(UUDWD������'0$�F\FOHV�WKDW�LPPHGLDWHO\�IROORZ�DQ�,6$�EXV�VSOLW
WUDQVDFWLRQ�PDOIXQFWLRQ�
When an 8-bit DRQ/DACK# cycle follows immediately
after a Intel386 EX code-initiated (as opposed to a
DMA-initiated) 16 bit I/O read or 16 bit memory
transaction on the ISA bus, then the byte steering logic
is incorrectly forced to always transmit DMA data
between the Intel386 EX’s data byte 1 lane (D8-D15)
and the ISA bus’s byte 0 lane (SD0-SD7).

Revision 1 silicon will correct this problem.

:RUNDURXQG���If there is no 8-bit memory (ROM or RAM)
on the ISA bus, it is possible to workaround this bug by
tying the MEMCS16# pin low and insuring that all 8-bit
I/O peripherals are accessed with 8-bit I/O instructions.

(UUDWD������5HIUHVK�ELW���ELW���RI�WKH�3RUW%��,�2�DGGUHVV��[����GRHV
QRW�WRJJOH�
Bit 4 of the PortB register, known as the “refresh bit”,
does not toggle, even though refresh is occurring.

Revision 0 silicon will always return this bit as “0”
when read.

Revision 1 silicon will correct this problem.

:RUNDURXQG���Insure that software does not attempt to use
this bit to time a function.

(UUDWD������,'('��SLQ�GRHV�QRW�ZRUN�SURSHUO\�
During IDE reads (0x1F0-1F7, 0x3F6-3F7) processor
data bit 7 should be read from pin IDED7; however
during the READY# cycle, the ISA bus signal SD7 is
sourced instead.

Revision 1 silicon will correct this problem.

:RUNDURXQG���Treat the IDE’s 7th data bit should be
connected to SD7 either directly or through ‘245 buffers
as required by your application. This hooks IDE data bit
7 in the same manner as all other IDE data bits; however
if a standard floppy controller is present in the design,
floppy controller reads of 0x3F7 (floppy controller
drives only bit 7 of the ISA bus with disk change
information)will fight the IDE controller’s data bit 7 (or
the ‘245 buffer acting on its behalf).  By inserting a 150
ohm resistor in series with the IDE’s SD7 bit driver, it is
possible to make this work as well. Please consult the
R380EX reference schematics for more details.

(UUDWD������'5$0+/'$��'$7$B(1��3RZHU�XS�FRQILJXUDWLRQ
UHYHUVHG�
The multiplexed DRAMHLDA# / DATA_EN# output
function selected by MA power-up input bit 4 is the
opposite of what is shown. The actual configuration is:

MA4 = 0 at power-up selects DATA_EN#

MA4 = 1 at power-up selects DRAMHLDA#

Revision 1 silicon will not change this function, the
documentation will reflect the name change.

:RUNDURXQG���Use the polarity indicated above to select
the desired function. The DATA_EN# function on pin
147 should be used instead.  The DATA_EN# alternate
function of pin 33 is included for historical reasons and
should be ignored.  The final R380EX documentation
will remove references to this alternate function.
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This document contains all known errata items, as of
June 12, 1996, for the Revision 1 silicon of the RadiSys
R380EX Embedded System Controller chip.

Table B.1 summarizes the errata items which are then
explained in detail.  Work-around suggestions are
presented as appropriate.

7DEOH�%����5���(;�(UUDWD�/LVW�IRU�5HYLVLRQ���6LOLFRQ

5HY��

(UUDWD��

'HVFULSWLRQ 5HY��IL[

� 60,�PRGH�LQWHUIHUHV�ZLWK�IO\E\�'0$�F\FOH �

� )LUVW�600�IHWFK�PD\�EH�IURP�´QRUPDOµ�UDWKHU�WKDQ�UHPDSSHG�'5$0 �

� )O\E\�'0$�ZLWK�DGGUHVV��[[���K�LQFRUUHFWO\�XSGDWHV�3257%�UHJLVWHU �

� 'XULQJ�DQ�,6$�PHPRU\�UHDG�GDWD�LV�UHDG�IURP�,'('��UDWKHU�WKDQ�$7�6'� �

� '5$0�DFFHVV�IROORZHG�E\�'0$�WR�VDPH�'5$0�3DJH�FDQ�FDXVH�5($'<�KDQJ �

� ,Q�(,'(�PRGH��,6$�PHPRU\�F\FOHV�LQ��[�I���[�I��DQG��[�I���[�I��DUH�VHTXHQFHG�DV�(,'(
WUDQVIHUV�LQVWHDG�RI�PHPRU\�WUDQVIHUV�

�

(UUDWD�����60,�PRGH�LQWHUIHUHV�ZLWK�IO\E\�'0$�F\FOH
If a flyby DMA cycle occurs while the Intel386 EX is in
SMI mode and SMI address remapping is enabled in the
R380EX and the DMA address matches the SMI
address region (0x20000-0x3FFFF), then the DMA
access will be remapped according to the SMI
remapping (a DMA cycle should not be remapped).

Revision 2 silicon will correct this problem.

:RUNDURXQGV�

• Disable SMI remapping.

• If SMI remapping is required, then the system
software must insure that the DMA address never
matches the SMI remapping address region.

(UUDWD�����)LUVW�600�IHWFK�PD\�EH�IURP�´QRUPDOµ�UDWKHU�WKDQ
UHPDSSHG�'5$0
If the first access in SMM (initiated by an System
Management Interrupt) occurs immediately after a
normal (non SMM) Intel386 EX access to a memory

address between 0x003fc 00-003ffff, and the R380EX
DRAM controller is operating in page-mode and SMI
remapping is enabled, then the SMM handler, whose
first access is always to 0x003fffe, will fetch the data
from "normal" address 0x003fffe, instead of from the
remapped DRAM address (0x0bfffe).

Revision 2 silicon will correct this problem.

:RUNDURXQGV��Use one of the following workarounds:

• Disable page mode operation. (reduces system
performance by 15-40%).

• Don’t remap SMI memory.  Software must insure
that at least the region between 0x38000-3FFFF is
never occupied by anything but the SMI handler.

• Fix in hardware by detecting SMIACT# pin change
and signalling a DRAMHOLD to the R380EX until
DRAMHLDA is returned. This causes the R380EX
to remove itself from page mode before the first
access occurs in SMM mode and also before the
first access occurs after leaving SMM mode.
The details for a PAL for this workaround follow.

Appendix B: R380EX Errata For Revision 1 Silicon
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module fixsmi
title ’Pal used to fix SMI. (c) Copyright 1996, RadiSys Corporation’

"This pal fixes an error in the R380 REV1 silicon.
"
"The REV1 R380 has a problem when entering and leaving system management
"mode (SMM) in that the DRAM page is not invalidated.
"
"This PAL forces a page miss when entering and leaving SMM, by asserting
"a request for DRAM via DRAM hold request.  This invalidates the current
"page.

fixsmi device ’P16V8R’; "Uses 16V8-type PAL or GAL

"inputs
clk2 pin 1;             "CLK2 that drives CPU
!smiact pin 2;          "smi active input
!drmhlda pin 3;         "dram hold acknowledge
!outen pin 11;          "output enable

"outputs
!drmhold  pin 17 istype ’reg’;  "dram hold output
smiactd  pin 16 istype ’reg’;   "delayed smi active
smiactdd  pin 15 istype ’reg’;  "

equations

smiactd := smiact;      "smi active delayed one clock
smiactd.clk = clk2;

smiactdd := smiactd;    "smi active delayed two clocks
smiactdd.clk = clk2;

drmhold := smiactd & !smiactdd   "entering SMI
         # !smiactd & smiactdd   "leaving SMI
         # drmhold & !drmhlda;   "hold until holda from CPU
drmhold.clk = clk2;

end fixsmi

(UUDWD�����)O\E\�'0$�ZLWK�DGGUHVV��[[���K�LQFRUUHFWO\�XSGDWHV
3257%�UHJLVWHU
Bits 3, 2, and 1 of the PORTB register incorrectly get
updated on a flyby DMA read access (DRAM read,
IOW), when the DMA address goes to 0x061 modulo
1024.  Bits 3 and 2 are RAM bits only and do not
perform any function inside the R380EX.  (In most PCs,
these bits are used to enable IOCHK and DRAM parity
check.  These two functions are not supported directly
by the R380EX). Bit 1 is the speaker data enable. Thus
a flyby DMA read could cause the speaker to start or
stop a speaker tone as a side effect.

Note that the R380EX does correctly support two-cycle
DMAs provided the DACK0/1# signals are not
connected to the R380EX (and DMAs do not occur to

the SMI address region when the SMI capability is
being used by the system unless SMI remapping is not
used).

:RUNDURXQGV���To remove the speaker side effects:

• Insure that bit 0 of PORTB is 0 (Timer/Counter 2
GATE enable bit) during any DMA activity period.
This works provided speaker tones are never
generated during DMA activity.

• Implement PORTB bit 1 (enable speaker) and
SPKROUT function gate externally.  This can be
done by ORing TMR2OUT from Intel386 EX with
the inverted version of PORTB bit 1.

Revision 2 silicon will correct this problem.
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(UUDWD�����'XULQJ�DQ�,6$�PHPRU\�UHDG�GDWD�LV�UHDG�IURP�,'('�
UDWKHU�WKDQ�$7�6'�
During an ISA memory read operation, the R380EX
incorrectly routes information from IDED7 to processor
data bus bit 7.  AT.SD7 should be routed to processor
data bit 7 instead.

:RUNDURXQG���Use a ~100Ω resistor connected between
IDED7 and AT.SD7.  The IDE drive will be 3-stated
during this operation and no contention between these
bits should occur for all other cases as well.  The
R380EX validation/reference board has this fix.

Revision 2 silicon will correct this problem.

(UUDWD����'5$0�DFFHVV�IROORZHG�E\�'0$�WR�VDPH�'5$0�3DJH
FDQ�FDXVH�5($'<�KDQJ
When a normal Intel386 EX data access is followed by
a DMA access that hits the same DRAM page as the
previous access, the Intel386 EX becomes READY#
hung.

:RUNDURXQG���This can be worked around in hardware by
disabling page mode operation.  (R380EX register
0x14, bits 15 and 14 must be set to 0).

Revision 2 silicon will correct this problem.

(UUDWD������,Q�(,'(�PRGH��,6$�PHPRU\�F\FOHV�WR��[�I���[�I��DQG
�[�I���[�I��DUH�VHTXHQFHG�DV
(,'(�WUDQVIHUV�LQVWHDG�RI�PHPRU\�WUDQVIHUV
In enhanced IDE mode (IDEMD = 1, bit 4 of register
0xA), ISA memory transfers whose lower 10 address
bits match the IDE decode range (0x1f0-0x1f7 and
0x3f6-0x3f7) are sequenced as EIDE transfers instead
of memory transfers.

:RUNDURXQGV�

• Only use IDE mode 0 (IDEMD = 0). The problem
only occurs when the faster transfer rate is enabled
in the R380EX (IDEMD = 1).

• If EIDE operation is desired and no devices on the
ISA bus are memory mapped, a hardware
workaround can be performed that insures that the
IDE drive is not accessed by memory accesses to
the ISA bus.  (For example, a memory manager
may scan ISA memory before deciding where to
install itself, even though it never actually uses ISA
memory).  To accomplish the fix, simply "OR" the
Intel386 EX’s M/IO signal into the IDERD# and
IDEWR# signals.  This will disable them during
memory operations (bus pipelining never occurs
during I/O operations - the R380EX only asserts
NA# during DRAM accesses).

Revision 2 silicon will correct this problem.
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Figure A1: R380EX Clock - Reset Timing Waveform
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      NOTE 1: PWRGOOD signal is sampled asyncrounously

Table A1: R380EX Clock - Reset AC Characteristic

Symbol Parameter Min Max Description
1 tPD_CLK2IN:RESET 2 11 Prop delay from CLK2 low to Reset low ( Up to 50 pf load )
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Figure A2: R380EX System Management Interrupt Timing Waveforms
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Table A2: R380EX System Management Interrupts Signals Propagation Delays

Symbol Parameter Min Max Description
1 tPD_EXTSIM#:SMI# -0 18 Propagation delay from EXTSMI# low to SMI# low
2 tPD_SMIACT#: SMI# -0 18 Propagation delay from SMIACT# low to SMI# high
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Figure A3: R380EX Flash Access Waveform
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Table A3: R380EX - Flash Memory Access Timing

Symbols Parameters Min Max Description
1 tCO_CLK2IN : CE_BIOS# 2 12 Prop delay form CLK2IN high to CE_BIOS Valid
2 tCO_CLK2IN : WE_FLASH# 2 12 Prop delay from CLK2IN high to WE_FLASH Valid

NOTE1: For flash write respective write enable input WE_BIOS or WE_AP must be asserted.
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Figure A4: R380EX IDE Timing Waveforms Overview
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Table A4-A-B-C: R380EX - IDE Drive Access Timing

Symbols Parameters Min Max Description
1 tPD_ADS:IDE_ENL#l - 3 CLK2IN Prop delay from ADS# low to IDE_ENL#l low
2 tPD_IOCS16:IDE_ENL# L 2 6 Prop delay form IOCS16# low to IDE_ENL# low
3 tCO_CLK2IN:IDE_ENL# L 2 15 Prop delay form CLK2IN high to IDE_ENL# low
4 tCO_CLK2IN:IDE_ENL# H 2 15 Prop delay form CLK2IN high to IDE_ENL# high
5 tCO_CLK2IN:IDE_ENH# L 2 15 Prop delay from CLK2IN high to IDE_ENH# low
6 tCO_CLK2IN:IDE_ENH# H 2 15 Prop delay fromCLK2IN high to IDE_ENH# high
7 tCO_CLK2IN:IDE_RD# 2 12 Prop delay fromCLK2IN low to IDE_RD# Valid
8 tCO_BCLK-IDE_WR# 2 12 Prop delay from CLK2IN low to IDE_WR# Valid
9 tSU_IOCS16:CLK2IN 14 - Setup time from IOCS16# low to CLK2IN
- t_HLD_IOCS16:CLK2IN end of cycle - Hold time from IOCS16# low to CLK2IN
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Figure A4-A: R380EX Mode 0 IDE Timing Waveforms
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Figure A4-B: R380EX Mode 0 IDE Timing Waveforms
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Figure A4-C: R380EX Mode 3 IDE Timing Waveforms
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Figure A5- A: R380EX 16 Bit ISA Memory Device Access Overview
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Figure A5- B:R380EX 8 Bit ISA Memory Device Access Overview
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Table A5-CD: R380EX - ISA Memory Access Timing

Symbols Parameters Min Max Description
1 tCO_CLK2:MEMW# 2 11 Prop delay fromCLK2IN high to MEMW# Valid
2 tCO_CLK2IN:MEMR# 2 11 Prop delay from CLK2IN high to MEMR# Valid
3 tSU_BCLK:MEMCS16 0 - Setup time rising edge of BALE
4 tHOLD_MEMCS16:BCLK *End of Cycle - Hold time falling edge of BCLK to end of the cycle
5 tSU_BCLK:NOWS 0 - Setup time falling edge of BALE
6 tHOLD_NOWS:BCLK 1 BCLK - Hold time next rising edge of BCLK
7 tSU_BCLK:NOWS          (8 bit only ) 0 Setup time falling edge of BCLK after BALE low
8 tHOLD_NOWS:BCLK    (8 bit only ) 1 BCLK - Hold time next rising edge of BCLK

Note 1 tPD_IOCHRDY:{MEMRH,MEMWH} 1 BCLK - Setup time assertion of IOCHRDY to deassertion of MEMR
or MEMW

Note 2 tCO_CLK2IN:SBHEL 2 14 Prop delay from CLK2IN high to SBHE# low

Note
1. Same as parameter 3 in Table A6-CD R380EX ISA I/O Access Timing
2. Same as parameter 4 in Table A6-CD R380EX ISA I/O Access Timing
3. High order SA/LA address lines are stable until the end of the ISA bus cycle
4. IOCHRDY is sampled at the rising edge of the BCLK
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Figure A5- C: R380EX ISA Memory Access Timing Waveforms
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Figure A5- D: R380EX ISA Memory Access Timing Waveforms
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Figure A6- A: R380EX 16 Bit ISA I/O Device Access Overview
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Figure A6- B:R380EX 8 Bit ISA I/O Device Access Overview
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Table A6-CD: R380EX - ISA I/O Access Timing

Symbol Parameter Min Max Description
1 tCO_CLK2:IOR 2 11 Prop delay fromCLK2IN high to IOR#  Valid
2 tCO_CLK2:IOW 2 11 Prop delay fromCLK2IN high to IOW# Valid
3 tPD_IOCHRDY: {IORH,IORH} 1 BCLK - Prop delay from assertion of IOCHRDY to deassertion of {IOR,IOW}
4 tCO_CLK2IN:SBHEL 2 14 Prop delay from CLK2IN high to SBHE low
5 tCO_CLK2IN:BALE 2 11 Prop delay from CLK2IN high to BALE#  Valid
6 tSU_IOCS16:BCLK 0 Setup time rising edge edge of BALE
7 tHOLD_IOCS16:BCLK *End of cycle - Hold time next falling edge of BCLK to end of the cycle

Note 2 tSU_NOWS:BCLK 0 - Setup time next falling edge of BCLK after BALE low
Note 2 tHOLD_NOWS:BCLK 1 BCLK - Hold time next falling edge of BCLK after BALE low to rising edge of

BCLK
Note:

1.  The original IBM PC, XT and AT platform did not support 16 bit ISA no-wait state cycle
2.  Same as parameter 7 and 8 in Table A5-C R380EX ISA Memoey Access Timing
3.  High order SA/LA address lines are stable until the end of the ISA bus cycle
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Figure A6- C: R380EX ISA I/O Access Timing Waveforms
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Figure A6- D: R380EX ISA I/O Access Timing Waveforms
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Figure A7-A: R380EX DMA ISA-ISA Memory Read To I/O Write Timing Waveforms
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Figure A7-B: R380EX DMA ISA-ISA I/O Read To Memory Write Timing Waveforms
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Figure A7-C: R380EX DMA DRAM Read to ISA I/O Write Timing Waveforms
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Figure A7-D: R380EX DMA ISA I/O Read to DRAM WriteTiming Waveforms
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Figure A8-A: R380EX User Chip Select Timing Waveforms
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Table A8-A: R380EX - User Chip Select Access Timing

Symbol Parameter Min Max Description
1 tPD_IOR#:CS_USR[3:0]# -1 1 Prop delay from IOR# to CS_USR[3:0]#
2 tPD_IOW# CS_USR[3:0]# -1 1 Prop delay from IOW# to CS_USR[3:0]#
3 tPD_SA:CS_USR[3:0]# -1 1 Prop delay from SA address valid to CS_USR[3:0]#
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Figure A9: R380EX Local Bus Device Access Waveform
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Table A9: R380EX - Local Bus Device Access Table

Symbol Parameter Min Max Description
1 tSU_LDEV:CLK2IN 8 - Setup time LDEV# low to CLK2IN high
2 tHOLD_LDEV:CLK2IN end of the cycle - Hold time  CLK2IN high to end of the cycle
3 tSU_ADS:CLK2IN 6ns Setup time ADS# low to CLK2IN high
4 tHOLD_ADS:CLK2IN 2ns Hold time CLK2IN to ADS#  high
5 tSU_READY:CLK2IN 5ns Setup time READY# low to CLK2IN high
6 tHOLD_READY:CLK2IN 2ns Hold time CLK2IN to READY#  high
7 tSU_ADDRESS:CLK2IN 6ns Setup time ADDRESS valid  to CLK2IN high
8 tHOLD_ADDRESS:CLK2IN 2ns Hold time CLK2IN to ADDRESS invalid

Figure A10-A: R380EX EDO DRAM Access Waveforms
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Table A10-AB: R380EX - EDO and FPM Dram Access Timing

Symbols Parameters Min Max Description
1 tCO_CLK2IN:MA 2 14 Prop delay form CLK2IN high to MA valid
2 tCO_ADDRESS MA 2 12 Prop delay from 386 address valid to MA valid
3 tCO_CLK2IN:RASAF# L 2 10 Prop delay from CLK2IN high to RASAF# low
4 tCO_CLK2IN:CASL# L 2 10 Prop delay from CLK2IN high to CASL# low
5 tCO CLK2IN:DATA_EN# L 2 11 Prop delay from CLK2IN high to DATA_EN# low
6 tCO CLK2IN:WE# L 2 10 Prop delay from CLK2IN high to WE# low
7 tCO CLK2IN:READY# L 2 11 Prop delay from CLK2IN high to READY# low
8 tCO CLK2IN NA# L 2 10 Prop delay from CLK2IN high to NA# low

 NOTE:
1.  DRAM timing  register is set to fastest timing  mode
2.  Test Condition CL= 50 pF for all signals except NA# with CL= 25 pF
3.  Temparature at 85C
4.  Voltage at 4.5V
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Figure A10-B: R380EX EDO Dram Access Waveforms
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Figure A11-A: R380EX FPM Dram Access Waveforms
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Figure A11-B: FPM Dram Access Waveforms
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Figure A12-A: R380EX Key Board and Mouse Controller Timing Waveforms

KB_CLK

KB_DATA

Mouse Sending  Data to the Controller

MO_CLK

MO_DATA



Copyright © 1997 Radisys Corporation

Radisys is a registered trademark of Radisys
Corporation.  All other trademarks are property of
their respective holders.

5445 NE Dawson Creek Drive

Hillsboro, OR  97124

Toll Free: (800) 950-0044

Phone: (503) 615-1100

Fax: (503) 615-1150

Internet Email: info@radisys.com

World-Wide Web: http://www/radisys.com

Worldwide Offices:

Japan: +81 3 5496 7891

United Kingdom: +44 1793 411200

The Netherlands: +31 40 2653 644

Germany: +49 811 95817

������������0�.�


