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System Overview
The RadiSys R400EX High-Integration Intel486*
System Controller is a member of the RadiSys family of
long-life em-bedded core logic.  Designed specifically
to support Intel486 processors, the R400EX is a true
third-generation embedded chip set that addresses the
functional needs of embedded app-lications, as well as
their requirement for a long product life.  The R400EX
incorporates features needed for a PC-compatible
embedded system design and provides a simple, low-
cost, seamless interface to additional chips such as
video controllers or PCMCIA controllers.  RadiSys is
committed to long-term support for the R400EX.

The functional design of the R400EX is based on PC
architecture.  The DRAM controller is compatible with
both Fast-Page-Mode (FPM) and Extended-Data-Out
(EDO) DRAM.  The keyboard/mouse controller and
real-time clock are PC-compatible.  The enhanced IDE
interface supports a maximum transfer rate of 7.33MB
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.

Feature Summary
• Supports Intel486 CPUs including ULP486 SX

• EDO/FPM DRAM controller supports from
1MB to 128MB

• Supports L1 write-back cache

• Two integrated 16550-compatible UARTs

• Integrated real-time clock

• Enhanced IDE interface or DRAM parity support

• Keyboard and mouse controller

• Power management

• SMI support

• 5V or 3.3V operation

• Complete PC-engine logic

• Supports seven PC-compatible DMA channels

• Supports fifteen PC-compatible ISAbus interrupts

• Integrated 8254-compatible timer/counter

• Supports local bus and ISAbus peripherals

• Four programmable I/O chip selects

• ROM or flash ROM interface

• BIOS shadowing

• Speaker interface

• 208-pin PQFP

• Watchdog Timer

The power-management capabilities of the R400EX
include clock-source switching, halt detection, SMI
event generation, and a programmable clock-restart
delay. The processor clock source can be switched
between the CLK2OSC input and the 32.768kHz real-
time clock oscillator to reduce power consumption.

The RadiSys world-wide web site features a PC-
compatible reference design that is a good starting point
for systems using the R400EX.



�����$GYDQFH�LQIRUPDWLRQ�−�VXEMHFW�WR�FKDQJH�
RadiSys assumes no responsibility for the use of any
circuitry other than circuitry in a RadiSys product.

No other circuit patent licenses are implied.

Information contained herein is preliminary and supersedes
previously published specifications on these devices from
RadiSys.
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The RadiSys R400EX is a basic companion chip for the
486 that performs many of the accompanying functions
necessary in a PC-compatible embedded system design.

The major objectives of the R400EX are flexibility (of
different system designs), ease of use (simplicity of
system design), and low system cost.

7KH�5DGL6\V�$GYDQWDJH
The RadiSys R400EX is a fully-featured system
controller tailored for embedded applications using a
486 class processor.

As a company, RadiSys is committed to the long-
term support of the R400EX.  Unlike designing with
short-lived parts from the PC chipset commodity
market, this RadiSys commitment makes designing
with the R400EX a safe choice.

5���(;�3,1287

®

6<67(0�,17(*5$7,21
The R400EX doesn’t attempt to incorporate every
feature needed in every design; instead, its philosophy is
to incorporate directly the features needed in most or all
designs, and then provide simple, low-cost, “glueless”
interfaces to additional chips for functions that may or
may not be needed, such as for a full PC keyboard, a
video controller, or a PCMCIA controller.

To maximize the functionality incorporated into the
R400EX, pin multiplexing has been used; however, this
has been done carefully to insure that almost all
functions can be obtained in parallel by the incremental
addition of a few small “glue chips.”

To obtain the maximum functionality, a total of 3
external 16-pin SOICs must be added, at a cost of less
than one dollar.

I. Technical Overview
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In general, system designs that meet the following
requirements need no extra external glue chips:

��� Those with two or fewer ISAbus DMA channels
needed (may be any DMA channels desired);
support for all DMA channels can be added with
two 16-pin glue chips

��� Those where byte parity on the DRAM is not
needed

��� Those where an integrated Enhanced IDE
controller is not needed

System designs of type 2 and 3 require the addition of
only a single 16-pin glue chip (‘151 or ‘251).
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RadiSys can make available upon request a set of
preliminary reference design schematics for the
R400EX.

1RWH��7KLV�GHVLJQ�KDV�QRW�EHHQ�EXLOW�RU�WHVWHG�
5DGL6\V�DVVXPHV�QR�UHVSRQVLELOLW\�IRU�DQ\�HUURUV�WKDW
PD\�DSSHDU�LQ�WKH�GHVLJQ�DQG�UHVHUYHV�WKH�ULJKW�WR
PRGLI\�WKH�UHIHUHQFH�GHVLJQ�ZLWKRXW�QRWLFH�

)($785(6�,1&/8'('�,1�7+(�5���(;

• Support for 486 SX (including HB32), DX2, DX4
(50MHz highest local bus speed -5V only)

• 5V or 3.3V operation

• Support for L1 write-back cache

• ISAbus support (no PCI)

• EDO DRAM support, four RAS#, four CAS#,
twelve multiplexed address spaces (1MB–128MB
of DRAM support)

• Shadow BIOS in DRAM

• Local bus (to support VGA/SCSI chips)

• Standard PC support in the form of an integrated
82C206 (146818, 8254, 8259, 8237, 74LS612):

− Real-time clock

− Timer/counters

− Interrupt control

− DMA control

− Address mapping

• Two 16550 UARTs, which can be configured as a
single 8-pin port or as two 4-wire ports or as a 6-
wire and a 2-wire COM port. Optionally, the 2-wire
COM port can be configured to support IrDA
modulation and demodulation

• Keyboard controller that supports the standard
PC/AT command set

• PS/2 compatible mouse port

• Power-management features tailored to small,
battery-powered applications (SMI#, SIMACT#,
STPCLK)

• DRAM byte parity support; multiplexed with
Enhanced IDE (EIDE) support

• EIDE support; multiplexed with parity support

• Programmable chip select

• Watchdog timer

• BIOS chip select

• Port B (0x61) and Port A (0x92) support

• NAND-tree for ATE testability

• Low-cost 208-pin PQFP
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1RWH��7KH�5���(;�FDQ�EH�RSHUDWHG�DW��9�LQ
FRQMXQFWLRQ�ZLWK�RWKHU��9�WROHUDQW�V\VWHP�SDUWV�WKDW
DUH�RSHUDWHG�DW����9��OLNH�D��9�WROHUDQW�������7KH
5���(;�FDQ�DOVR�EH�RSHUDWHG�DW����9�ZKLOH�RWKHU
SDUWV�LQ�WKH�V\VWHP�DUH�RSHUDWHG�DW��9��SURYLGHG�LQSXWV
WR�WKH�5���(;�DUH�OLPLWHG�WR����9�

• PCI

• Internal ISA address buffers

• L2 cache support

• 486 2x clock input support

• 5V safe inputs when operated at 3.3V.
However, the R400EX may be operated at 5V in
conjuction with other system parts that are operated
at 3.3V and are 5V-tolerant, such as a 5V-tolerant
486. The R400EX may also be operated at 3.3V
while other system parts operate at 5V, provided
inputs to the R400EX are limited to 3.3V.

• Support for MASTER mode on the ISAbus

����/2&$/�%86�,17(5)$&(
The R400EX connects directly to the 486(5x86) CPU
local bus.  The R400EX is involved in all local bus
transactions, except when a local bus slave asserts the
LDEV signal into the R400EX.  When this happens, the
R400EX segregates bus transactions into LDEV cycles
and bus cycles it handles directly, which include:

• DRAM references

• Internal registers

• ISA/Xbus cycles

• Special cycles (includes Halt/shutdown and
cache flush)

• Interrupt Acknowledge

• DMA cycle.

Each of these cycles is listed and described on the
following pages.The R400EX 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 486 bus cycles.  The R400EX
cannot tell the difference between a 486 bus cycle and
another local bus master cycle.

/'(9�&<&/(6
LDEV cycles are controlled primarily by another local
bus device operating in a slave mode.  These cycles are
denoted by another local bus device, like a video
controller, asserting LDEV.  In this case of a video
controler, the local bus device must meet the CPU’s

ready timing and drive RDY# directly with a 3-state
driver.  These can be any type of cycle.  The R400EX
only monitors them; otherwise it ignores them.

'5$0�5()(5(1&(6
Access to memory addresses that span the DRAM
address range are handled by the R400EX.  DRAM is
autosized by the BIOS on boot-up.  All burst DRAM
cycles are terminated with BRDY.  Timing depends on
the values in the DRAM control registers.  All local bus
masters that want to access the R400EX’s DRAM must
emulate 486 bus cycles.  In a system with parity, this
means the local bus master is responsible for generating
and driving even parity for each valid byte during a
write.

,17(51$/�5(*,67(56
The R400EX handles internal register references.
Registers should be accessed using 16-bit I/O read or
write cycles.  These cycles are echoed on the ISAbus.
The cycle is terminated with the assertion of RDY#.
The timing for internal registers is done using 16-bit
ISA I/O timing.  Data is undefined for the nonexistent
byte, but 8-bit references to these 16-bit registers will
terminate correctly.

,6$�&<&/(6
ISA bus memory cycles are generated for the following
kinds of references:

• Not a reference to the DRAM address space

• Not local bus (LDEV# is deasserted)

• Addresses that fall below 16MB (or A31 is set and
BIOS_CE is not asserted)

ISA bus I/O cycles are generated for the following kinds
of references:

• Not local bus (LDEV# is deasserted)

• Not a special cycle (D/C# = 1)

• Not to R400EX internal registers

ISA bus cycles are always terminated with a RDY#.

+$/7�25�63(&,$/�&<&/(6
The R400EX returns RDY# for all of the Halt or special
cycle transactions that include Write-Back, First Flush
Acknowledge cycles, Flush, Second Flush
Acknowledge cycles, Shutdown, and Stop Grant
Acknowledge cycles.  Optionally, the R400EX can
provide other functions in response to Halt, Shutdown,
and Stop Grant Acknowledge cycles.
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In response to Halt cycles, the R400EX can do any of
the following:

��� Only return RDY#

��� Return RDY# and generate an SMI event

��� Return RDY#, issue STPCLK#, and after receiving
the Stop Grant bus cycle, switch to the 32KHz
clock as the CPU/system clock; place DRAMs into
self-refresh mode; after a programmable delay, de-
assert STPCLK#

Option 3 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 the OSC_OFF# signal from
the R400EX.

1RWH���:KLOH�WKH�'5$0V�DUH�LQ�WKH�VHOI�UHIUHVK�PRGH�
QR�,6$EXV�5()5(6+�RU�RWKHU�,6$�DFWLYLW\�ZLOO�RFFXU�

When option 3 (above) is used, STPCLK#, if enabled,
is asserted upon detection of a processor HALT cycle.
After detection of a Stop Grant bus cycle, CLKOUT1
and 0 (one of these should be connected to the CPU’s
CLK input), is switched to 32KHz clock frequency and
the DRAM is placed into a self-refresh mode.

While in this state, the R400EX monitors the CPU’s
INTR and SMI# pin.  If one of these pins transitions,
OSCOFF# is immediately de-asserted, the CLK2OSC
(divided by 2 ) is muxed to the CLKOUT1 and 0
outputs.  After a programmable delay of 1ms to 64ms,
STPCLK# is deasserted, placing the CPU back in the
Auto Halt Power- Down state where it immediately
transitions to the Normal State, due to the detection of
an INTR or SMI# pin transitioning.

When returning from this low-power state in a properly
designed system, the only state information that needs to
be fixed should be the time of day in DOS systems.
Correction of the DOS time of day is done by using a
status bit HLTS in the Clock Control register. This bit is
set when a HALT instruction is detected by the
R400EX.  The DOS time of day interrupt may check
this bit to see if the time of day needs to be reloaded
from the RTC.  Refer to the Clock/reset control register
and the SMI control register definitions for more
details.

In response to a  Shutdown bus cycle, the R400EX
simply initiates a hardware reset.  In this case, both
CPURESET and RESETDRV pins are driven asserted
for a minimum of 16 CLKIN periods.

���9��9�23(5$7,21
A single pin at power-on reset (MA0) is used to
determine the switching level on all pins declared as
“ttlin” in the pin description table (mostly local and
ISAbus pins).  For 3.3V operation MA0 should be
pulled low with a 10K ohm resistor to set the thresholds
of all the input buffers to CMOS levels. If MA0 is
pulled high, the R400EX must be operated from a 5V
supply and will set the buffers declared as “ttlin” to
TTL input levels. When operating at 3.3V,  bus speeds
up to 33MHz are supported.  When operating from 5V,
bus speeds up to 50MHz are supported.

,17(55837�&21752//(56
There are two fully compatible 8259A interrupt
controllers in the R400EX, providing up to 14  external
interrupts.  IRQ0 is always connected internally to the
8254’s counter 0 output.  Optionally, IRQ1, IRQ8, and
IRQ10 also can be driven internally from the keyboard
controller, the RTC, and the internal watchdog timer,
respectively.

'0$�$1'�0(025<�0$33(5
The R400EX contains two fully compatible 8237A
DMA controllers that provide up to four 8-bit DMA
channels and three 16-bit DMA channels.  The integral
74LS612 compatible memory mapper provides the
upper 8-bits of the 24-bit DMA address that is sourced
during an access.  The CPU is held in the HOLD state
while the DMA is being serviced.   The DMA clock
rate, MEMR# pin timing  and 8-and 16- bit DMA wait
states are controlled by a single control register, the
82C206 configuration register. Another R400EX
extension register supports DMA into memory above
the 16MB PC/AT address limit.

7,0(5�&2817(5
The R400EX contains a fully compatible 8254 that
supports three counter/timers. Each counter/timer's
clock input is driven by a 1.19MHz clock derived from
the OSCIN signal divided by 12.  The output of counter
0 drives IRQ0 and is normally used to keep track of the
time of day.  The output of counter is connected to the
SPKOUT and its TMRGATE is driven from a PORTB
register bit.  Counter 1  is used in older PCs to generate
refresh cycles, but in the R400EX, refresh timing is
generated independently by the DRAM controller.
Thus, counter 1 on the R400EX can be used as a
general-purpose timer.
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The memory controller supports up to two banks  (four
modules) of memory.   Each bank can support upto a
32- (36 with parity)  bit wide  Fast-Page-Mode (FPM)
DRAM or  Extended-Data-Out (EDO) DRAM, each of
which range from 1MB to 128MB . Within a bank, both
the DRAM size and DRAM type (EDO vs. FPM) must
be the same if both x32 modules are populated;
however,  banks  may differ from each other in  the size
of  DRAM.  All banks must contain either FPM DRAM
or EDO DRAM, but cannot contain a mixture of both
types.  Even byte DRAM parity support is  optionally
provided by the R400EX. When parity support is
enabled,  the R400EX relies on the processor to
generate parity during  processor initiated DRAM
writes. The R400EX  only generates parity for DMA
writes to memory and  also checks all DRAM reads for
even parity. If a parity error occurs and parity checking
and NMI are enabled, then NMI is signaled to the
processor.  To enable access to the R400EX’s parity
pins, an external multiplexer is required to support the
IRQ pins that are displaced by the parity function.

Bank A’s first memory module always begins at address
0. The second memory module of a bank always
contiguously follows the first.

&DXWLRQ��0DNH�VXUH�WR�LQLWLDOL]H�WKH�ZKROH�'5$0
EHIRUH�HQDEOLQJ�SDULW\�FKHFNLQJ�

The R400EX allows the DRAM 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 is a
single pull-up resistor on DRAM data bit 0.  To
conserve power in the HALT and IDLE modes, the
system designer should either add pull-ups to the CPU’s
address and data bus or use a CPU that includes bus
keepers.  By using the appropriate EDO memories,
burst memory read timings of 3-1-1-1 can be supported
for bus speeds up to 33MHz.

The R400EX always asserts all four CASx# lines on a
DRAM read. Thus, when parity checking is enabled, the
R400EX will check  parity on all four byte lanes on all
DRAM reads, even if  the read only requires one or two
bytes to be returned.

5($/�7,0(�&/2&.
The R400EX contains an integrated real-time clock,
providing the PC function of the date/time clock, alarm,
programmable periodic interrupt, 114 bytes of
additional battery backed CMOS RAM, I/O registers
070h and 071h, and crystal and battery input.

1RWH���7KH�57&$6�DQG�57&'6�SLQV�WUDQVLWLRQ�LQ�D
´0RWRURODµ�IDVKLRQ�WR�VDYH�DQ�5���(;�LQWHUIDFH�SLQ��VR
ZKHQ�LQWHUIDFLQJ�WR�DQ�H[WHUQDO��������VW\OH�RI�57&�
WKH�57&·V�027��0RWRUROD�,QWHO����SLQ�VKRXOG�EH�WLHG�WR
0RWRUROD�PRGH�

The RTC has 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.

The RTC is integrated into the R400EX 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
is provided (by pin strapping).  In this case, the
R400EX contains glue logic to generate control signals
RTCAS and RTCDS for an external RTC chip.
RTCAS is asserted for a write access to I/O address
070h.  RTCDS is asserted for a read/write access to I/O
address 071h.

32:(5�0$1$*(0(17
The R400EX contains some basic support for System
Management Mode (SMM) and for system-environment
power management.  The R400EX allows the system
designer to pursue any one or a combination of several
different power-conservation strategies, including:

��� setting application or OS level software to issue a
HALT instruction to place the system into the low-
power mode (described in the Halt/Shutdown
section)

��� setting software to write to a CPU clock divider
control register to reduce the CPU’s/system’s clock
speed

��� generating a system-management interrupt (SMI) in
response to an external event or an interval timer
expiring in the R400EX—the SMI routine can then
handle powering system peripherals down or
entering the hardware-supported HALT state as in
strategy 1or reducing the system clock speed as in
strategy 2.

The R400EX contains all of the HALT detection logic,
SMI generation logic, and glitchless clock switching
logic to perform these functions (above). The SMI logic
and clock-switching logic are detailed in the following
paragraphs.
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60,�$1'�&/2&.�6:,7&+,1*�/2*,&
The R400EX contains a single SMI idle latch and timer.
The idle timer counts down to zero from one of a few
programmable frequencies.  The idle timer is reset (to
the idle latch value) in one of the following ways:

��� hitting the 0 value in conjunction with the SMI
being acknowledged by the CPU (SMIACT# pin is
asserted)

��� assertion of an external SMIINP# pin if it is
enabled as an ACTIVITY# pin

��� assertion of a programmable chip select (if it is
enabled).

The idle timer is 12 bits wide and may be clocked by
either a 1024- or a 16-Hertz clock. Both of these clocks
are derived from the 32,768-Hertz input clock. When
clocked by the 1024-Hertz clock, the idle timer can be
set to expire at about 1 millisecond boundaries
beginning with 1 millisecond, and going up to a total of
4 seconds. When clocked by the 16-Hertz clock, an idle
timer expiration time of up to 256 seconds can be
achieved with a 62.5 millisecond granularity. In this
case, the smallest idle time that can be set is 62.5
milliseconds.

The R400EX contains an SMI interrupt output pin.
Sources for this interrupt in the R400EX are the
following:

��� The idle timer hitting the 0 value (if enabled to
assert SMI)

��� The assertion of the SMIINP# input pin (if enabled
to assert SMI)

��� The detection  of a HALT cycle (when enabled)

��� The setting of an SMI register bit to be triggered by
software

Status bits  also exist to show what source(s) initiated
the SMI interrupt.  When SMI# is asserted it continues
to be asserted until SMIACT# is asserted.  If another
SMI event occurs while SMIACT# is asserted it is
saved in the SMI control/status register and not signaled
until SMIACT# is de-asserted, but only if the SMI
handling software does not reset the associated SMI
status bit before exiting. Thus, if the SMIINP# signal
caused the SMI, the external SMIINP# signal must also
be
de-asserted before exiting the SMI handler to prevent
re-entering the SMI handler immediately due to
SMIINP# still being asserted (level sensitive).

The R400EX contains an SMIACT# input pin, which is
driven by the corresponding CPU pin to indicate that
the CPU is in SMM.  The R400EX relies on using the
SMBASE relocation feature present in 486-class

processors.  SMBASE may be located in either the top
256KB of DRAM or in a 128KB region at
0x000A0000-0x000BFFFF.  When SMM support is
enabled for these regions in the R400EX, these regions
of DRAM memory can only be accessed by the
processor when the SMIACT# is asserted.

1RWH���6RPH�����&38V�FDQQRW�UXQ�ZLWK�WKH�VORZHU
&38�FORFN�UDWHV�WKDW�DUH�VXSSRUWHG�E\�WKH�5���(;�

Software can reduce the CPU/system “CLK” clock
frequency by writing to two register bits that control the
CLKOUT0 and CLKOUT1 signals.  The bits allow the
input oscillator clock to be divided by 2,8, or 32 (refer
to the appropriate register described in this guide).
When reset, the clock is automatically divided by 2.
Software may subsequently set the two bits to speed up
or slow down the clock speed, depending on whether
performance or power-conservation is required.  Clock-
speed changes will be accompanied by a programmable
STOPCLK# delay to allow the CPU's PLL to lock to
the new frequency before the CPU returns to normal
operation.

520�)/$6+�520�,17(5)$&(
The ROM/Flash ROM interface supports a variety of
ROM/Flash devices placed on the ISAbus.  Most PC-
compatible implementations use an 8-bit BIOS that is
shadowed in DRAM, but 16-bit shadowed and non-
shadowed ISAbus Flash devices are supported also.

The registers in the R400EX are specifically aimed at
supporting 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 -ime
OS kernel).  If user code is not needed, a smaller device
like the 28F001BX-T can be used.  The BIOS usually
consists of at least a 16KB boot block, and a 112KB
System BIOS.  Once shadowed, the BIOS running in
DRAM normally occupies only 64K in the F-page of
the low 1MB of memory.

Write protection of the Flash is an important system
issue.  ROMs, of course, do not need write protection.
The R400EX provides write protection through several
register bits.  There are two independent  register bits (
BIOSWE, APPWE).   The intent is to allow one to
protect independently,  the system BIOS (BIOS) and the
application program (AP). For a given region, the
register bit is set to allow writes to the Flash.  This
allows one to make it possible for manufacturers to
update the system BIOS and application programs
without corrupting the other parts of the device.

We recommend that bit 10 of the Power-Up option
register (sourced from MA10) be used by the BIOS to
determine if a forced BIOS Flash update is needed.  If
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bit 10 is high (external 1K pull-up is jumpered onto
MA10), a forced BIOS Flash update is being requested
regardless of the state of the code or the CHECKSUM
in the BIOS.  This is a mechanism used by certain BIOS
vendors like Phoenix, which allows an external jumper
to determine whether to process a BIOS update.  When
MA10 is interpreted in this manner, a 10K ohm pull-
down must always be installed on MA10 or alternately
jumpered onto MA10.

��&����8$576
Two 16C550 UARTs can be configured as standard PC-
compatible COM1 and COM2 ports. These COM ports
share eight pins, allowing: (1) a single, full-COM port
interface (8-signal plus ground); (2) dual 4-signal
interfaces (Rx, Tx, RTS, CTS); or (3) a two-signal
COM2 (Rx, Tx) and a six-signal COM1 (Rx, Tx, RTS,
CTS, DSR, DTR).

The two-signal version of the COM2 port can also be
configured to support IrDA (IrTX and IrRX) directly.
As in a standard PC, COM1 is accessed in the I/O
address space at 0x3f8-3ff and signals interupts on
IRQ4. COM2 is accessed at 0x2f8-0x2ff and signals
interupts on IRQ3.  These COM ports can share the
IRQ3 and IRQ4 interrupt lines with external COM ports
or with other devices that require these IRQ lines.

The COM clock can be configured to be CLK2OSC
divided by an even divisor up to 64.  Divisor values of
54 and 36 (27 and 18 placed in the divisor register
respectively) allow the COM clock to operate at
~1.85MHz clock for CLK2OSC frequencies of
100MHz and 66.6MHz. The COM clock can also be
sourced from an external pin when the IRQ10 input is
not needed externally.

.(<%2$5'�0286(�&21752//(5
The R400EX contains a PC/AT-compatible keyboard
controller with PS/2-compatible mouse controller
extensions.  If it is not needed or if an external keyboard
is desired, it can be disabled (refer to the sections
covering Power-Up options and  the Miscellaneous
Configuration Register later in this guide).  The
keyboard and mouse pins can then be used for other
functions or an external keyboard can be supported.

The keyboard controller  is clocked by BCLK,  the
ISAbus system clock frequency  (also referred to as
SYSCLK).  Response to keyboard commands is
immediate  (usually within one BCLK) due to the fact
that this function is implemented as a hard-wired state
machine internally.

1RWH��'R�QRW�FRQIXVH�WKH�´2XWSXW�3RUW�DQG�´,QSXW�3RUWµ
ZLWK�WKH�VLPLODUO\�QDPHG�´2XWSXW�%XIIHUµ�DQG�´,QSXW
%XIIHU�µ

The keyboard controller responds  to the following I/O
addresses 0x60 (data) and 0x64 (Command/status).  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,” which are
associated with port pins that connect to other signals
inside the R400EX. Commands are issued to the
keyboard controller by performing I/O writes to 0x64.
The integrated keyboard controller supports the
commands listed in Table 1.1.  All commands except Fx
and D4 are executed in the same bus cycle in which they
are issued.

7DEOH�������.H\ERDUG�&RQWUROOHU�&RPPDQGV

&RPPDQG )XQFWLRQ

�� 5HDG�&RPPDQG�%\WH
����) 5HDG�5$0
�� :ULWH�&RPPDQG�%\WH
����) :ULWH�5$0
$� 'LVDEOH�0RXVH
$� (QDEOH�0RXVH
$� 0RXVH�,QWHUIDFH�7HVW
$$ 6HOI�7HVW
$% .H\ERDUG�,QWHUIDFH�7HVW
$' 'LVDEOH�.H\ERDUG
$( (QDEOH�.H\ERDUG
&� 5HDG�,QSXW�3RUW
'� 5HDG�2XWSXW�3RUW
'� :ULWH�2XWSXW�3RUW
'� 7UDQVPLW�WR�0RXVH
(� 5HDG�7HVW�,QSXWV
)[ 3XOVH�2XWSXW�3RUW

&200$1'�'(6&5,37,216
5HDG�&RPPDQG�%\WH�����  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.

5HDG�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.

:ULWH�&RPPDQG�%\WH������  The Write Command Byte
places the next data byte written to I/O address 0x60
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into the Command Byte.  When reset, the Command
Byte is set to 70.  The byte is shown in Table 1.2.

7DEOH�������:ULWH�&RPPDQG�%\WH

%LW )XQFWLRQ

� (QDEOH�.H\�,QWHUUXSW
� (QDEOH�0RXVH�,QWHUUXSW
� 6\VWHP�)ODJ
� ,QKLELW�2YHUULGH
� 'LVDEOH�.H\ERDUG
� 'LVDEOH�0RXVH
� (QDEOH�6FDQ�&RGH�7UDQVODWLRQ
� �

:ULWH�5$0������)��  The internal keyboard controller
contains one byte of RAM.  A command of 0x21-0x2F
will cause this RAM location to be updated by the next
I/O write to address 0x60.

'LVDEOH�0RXVH��$���  A Disable Mouse command will
clear bit 5 of  the Command Byte.

(QDEOH�0RXVH��$���  An Enable Mouse command will set
bit 5 of the Command Byte.

0RXVH�,QWHUIDFH�7HVW��$���  A Test  Mouse Interface
command will place a 00 in the Output Buffer.  An
Interface test will not actually occur.

6HOI�7HVW��$$��  A Self-Test Command will place a 55 in
the Output Buffer.

.H\ERDUG�,QWHUIDFH�7HVW��$%��  A Test Keyboard Interface
command will place a 00 in the Output Buffer.  An
Interface test will not actually occur.

'LVDEOH�.H\ERDUG��$'��  A Disable Keyboard command
will set bit 4 of the Command Byte.

(QDEOH�.H\ERDUG��$(��  A Enable Keyboard command
will clear bit 4 of the  Command Byte.

5HDG�,QSXW�3RUW��&���  A Read Input Port command will
place the contents of  the Input Port in the Output
Buffer.

5HDG�2XWSXW�3RUW��'���  A Read Output Port command
will place the contents of  the Output Port in the Output
Buffer.

:ULWH�2XWSXW�3RUW��'���  The Write Output Port command
will place the next data byte written to I/O 0x60 to the
Output Port.

7UDQVPLW�WR�0RXVH��'���  This command will cause the
next byte written to the data port to be sent to the

mouse.  The execution time of this command will
depend upon the mouse.

5HDG�7HVW�,QSXWV��(���  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.

3XOVH�2XWSXW�3RUW��)[��  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 in which it is issued.

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

.(<%2$5'�67$786�5(*,67(5
Table 1.3 below describes the keyboard status register.
At reset, the Keyboard Status Register will be set to 00.

7DEOH�������.H\ERDUG�6WDWXV�5HJLVWHU

%LW )XQFWLRQ

� 2XWSXW�%XIIHU�)XOO
� ,QSXW�%XIIHU�)XOO
� 6\VWHP�)ODJ
� &RPPDQG�'DWD
� ,QKLELW�6ZLWFK
� 0RXVH�'DWD
� 7LPH�RXW
� �

.(<%2$5'�$1'�0286(�,17(5)$&(
The keyboard nterface will support a standard AT
keyboard.  The mouse interface will support a standard
PS/2 mouse.  The internal port pins are configured as in
Table 1.4.  At reset, all P2 port bits will be set high.

7DEOH�������&RQILJXUDWLRQ�RI�,QWHUQDO�3RUW�3LQV

6LJQDO )XQFWLRQ

3���� .H\�GDWD

3���� 0RXVH�GDWD

3���� &385(6(7

3���� *$7($��

3���� ,54�

3���� ,54��
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7,0,1*6
The keyboard controller clock is driven at the BCLK
frequency.  The clock speed will determine certain
timings as shown in Table 1.5.

7DEOH�������7LPLQJV

7LPLQJ %&/.�#��0+]

)[�&RPPDQG�H[HFXWLRQ��H[FHSW�))� ���XV

7UDQVPLVVLRQ�EDFNRII ��XV

7UDQVPLVVLRQ�WLPH�RXW ���PV

1RWH���7KH�))�FRPPDQG�H[HFXWHV�LQ�RQH�EXV�F\FOH�

3&�63($.(5�,17(5)$&(
The R400EX contains a speaker output (SPKROUT),
that is the logical AND of bit 1 of the port B register
and the integral 82C54’s OUT2 timer 2 signal.

,6$EXV�,17(5)$&(
The ISAbus controller manages a separate data bus and
the ISA control signals.  It generates cycles on the
ISAbus for memory and I/O cycles that are not mapped
to devices on the local bus or in the processor or system
chip themselves.  The controller supports 8- and 16-bit
transfers, including translation for 32-bit requests from
the CPU to 8-bit or 16-bit ISA devices, and 8-bit
requests to 16-bit devices.

The controller also produces the ISA (AT) bus clock.
The ISA clock can be the CPU clock divided
by 2, 3, or 6.

The R400EX uses the quiet ISA feature.  When the
R400EX sees an access that is not destined for the
ISAbus (a local bus cycle, a non-DMA DRAM cycle, a
cycle internal to the R400EX), it does not drive the
ISAbus data and control signals.  This reduces overall
system power consumption.

3&�(1*,1(�/2*,&
The R400EX performs a number of functions in support
of a 486-class chip PC hardware architecture.

The R400EX generates the clock signals for the CPU.
The R400EX expects a 2x CLK input (CLK2OSC) and
generates two low-skew 1x clock outputs
(CLKOUT[1:0].  One of the 1x clock outputs needs to
drive an input to the R400EX (CLKIN).  This clock is
used for all timing reference for bus activity in the
R400EX.

The R400EX also handles the variety of reset signals
and states expected in a PC- compatible system.  It has a
cold reset (PWRGOOD) input  and generates resets for
the CPU (SRESET) and the ISAbus (RESETDRV).

The R400EX also contains the PC-compatible register
061h (port B).and register 092h (port A).

352*5$00$%/(�&+,3�6(/(&76
There are four user-programmable I/O chip selects
(CS_USR[3:0]), but only three of these (CS_USR[3:1])
can be made available on the external pins.  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,
or two extended chip selects, each with two
discontiguous regions.  CS_USR0 can be used to reset
the SMI activity timer.

Each chip select has a corresponding single 16-bit mask
and compare register (see PCS registers).  The upper
three bits control whether the chip select is enabled,
how it should be decoded (I/O or memory), and whether
IOCS16 should be asserted by the chip select.

In the case of an I/O decode, the lower 10 bits are
compared against the address bits A[9:2] and SA[1:0]
as specified by the MODE bits.  On I/O decodes A15 is
also always decoded as specified by the mode-control
field.  Also, address bits A14–A10 must be zero to
assert a chip select in I/O mode.

The remaining bits in this register determine whether
IOR, IOW are included in the decode and whether the
chip select’s output is daisy-chained into the next, lower
numbered chip select. Local bus memory decodes, A31
and A[26:16] must be compared to the lower 12 bits of
the register, and M/IO from the CPU must be asserted.

(1+$1&('�,'(�,17(5)$&(
The enhanced IDE interface consists of a read and write
strobe, IDERD# and IDEWR#, and two chip selects:
IDECS1# and IDECS0#.  The latter two are actually
derived from programmable chip selects, CS_USR3#
and CS_USR2#.  These pins support an unbuffered
interface to an IDE drive when used with a floppy drive.
They also support a buffered interface to a newer BIOS
as well as EIDE drives with a floppy drive.  An older
BIOS may require IDECS1# to be set to decode both
I/O addresses 0x3F6 and 0x3F7.  A buffered IDE that
requires both older BIOS support and a floppy drive is
not supported directly.

The IDExxx pins are multiplexed with DRAM parity;
thus, the R380EX does not support both DRAM parity
and an Enhanced IDE interface directly.  If DRAM
parity is required, an external IDE or EIDE controller
can be added easily to the design. The enhanced IDE
interface supports both modes 3 and 4 PIO modes of the
ATA specification.

IDECS1#, IDECS0#, IDERD# and IDEWR# would
normally be connected directly to the IDE connector.
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CS_USR2# (IDECS0#) is the primary hard-disk chip
select. This chip select is reset to enable I/O address
decode of 1F0-1F7h.  CS_USR3# (IDECS1#) is the
secondary hard-disk chip select. This chip select is reset
to enable I/O address decode of  3F6h.

PIO mode 0, 3 and 4 are supported by the interface.
The pins IOCS16# and IOCHRDY are used in mode 0
IDE signaling as well.

:$7&+'2*�7,0(5�6833257
The watchdog timer can be configured to perform
several functions.  It can be set to time events (or more
accurately, the lack  of events) in any duration, from
1ms to 256 seconds.

When the timer/counter reaches zero, a hardware reset
or  IRQ10 can be signaled depending upon the control
bits in watchdog control register.

The timer/counter is reset to the latch value during the
following events:

• An ADS# occurs and bus mode is enabled (refer to
the Watchdog Control Register)

• Software writes to the idle timer latch

• The counter is at zero

Optionally, the timer can be stopped for the duration of
a CPU HALT cycle by another control bit in the
watchdog control register.

:5,7(�%$&.�&$&+(�6833257
In all DMA accesses, after obtaining HLDA, the
R400EX first does a snoop cycle (EADS#) with the
associated address on the CPU’s address bus.  If
HITM# is asserted on a DRAM read cycle, the R400EX
de-asserts HOLD without completing the initial DMA
access.  After the writeback access occurs, the R400EX
re-acquires an HLDA from the CPU and completes the
DMA cycle.
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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

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�
,&6 &026�6FKPLWW�WULJJHU�LQSXW�RQO\�
,& &026�OHYHO�LQSXW�RQO\�
,2&7[ 77/�&026�VHOHFWDEOH�LQSXW�OHYHO�EXIIHU��SOXV�DQ�RXWSXW�EXIIHU�FDSDEOH�RI�GULYLQJ

[P$�
,2&7[6 ,GHQWLFDO�WR�,2&7[�FHOO��H[FHSW�WKDW�WKH�RXWSXW�EXIIHU�LV�VOHZ�UDWH�OLPLWHG�
,&7 77/�&026�VHOHFWDEOH�LQSXW�RQO\�
,2&[ &026�OHYHO�LQSXW�EXIIHU�DQG�[P$�RXWSXW�EXIIHU�
,2&[6 ,GHQWLFDO�WR�,2&[�FHOO��H[FHSW�WKDW�WKH�RXWSXW�EXIIHU�LV�VOHZ�UDWH�OLPLWHG�
2�6 �P$�RXWSXW�RQO\��VOHZ�UDWH�OLPLWHG�
,'4 2VFLOODWRU�LQSXW�FHOO�
2'4 2VFLOODWRU�RXWSXW�FHOO�
SRZHU 3RZHU�SLQ�

II. Signal Descriptions
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7DEOH�������&ORFN�DQG�5HVHW�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ

&/.�26& FPRV�LQ
,&

�[�&ORFN�IURP�2VFLOODWRU�
7KLV�LV�WKH��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���(;�GLYLGHV�WKLV
LQSXW�E\���DQG�RXWSXWV�LW��RU�D�VXE�PXOWLSOH��RQ�&/.287>���@�
1RWH��,W�LV�H[WUHPHO\�LPSRUWDQW�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
,2&��

&38��;�2XWSXW�&ORFNV�
7KHVH�DUH�WZR�ORZ�VNHZ�FORFN�RXWSXWV�WKDW�VKRXOG�EH�XVHG�IRU�V\VWHP�FORFN
GLVWULEXWLRQ���7KHVH�WZR�RXWSXWV�KDYH�ORZ�VNHZ�EHWZHHQ�HDFK�RWKHU�ZKHQ�WKH\�DUH
WHUPLQDWHG�WR�HTXLYDOHQW�ORDGV�
&/.287��DQG�&/.287��VRXUFH�WKH�VDPH�FORFN�ZDYHIRUP�H[FHSW�GXULQJ�SRZHU�
XS�DQG�ZKHQ�FORFNV�JHW�SRZHUHG�GRZQ�ZKHQ�+$/7�GHWHFWLRQ�LV�HQDEOHG�DQG�D
+$/7�LV�GHWHFWHG�E\�WKH�5���(;���&/.287��LV�GULYHQ�ORZ�ZKLOH�3:5*22'�LV�GH�
DVVHUWHG�WR�NHHS�3//�EDVHG����V�IURP�ORFNLQJ�RQWR�WKH�LQFRUUHFW�IUHTXHQF\�ZKHQ
WKH�SRZHU�VXSSO\�YROWDJH�LV�WXUQHG�RQ���7KLV�PHDQV�WKDW�5(6(7'59�ZLOO�EH�KHOG
DVVHUWHG�IRU�PRUH�WKDQ��PV�DIWHU�3:5*22'�LV�DVVHUWHG�WR�DOORZ�WKH�3//�EDVHG
���V�WR�ORFN�RQWR�WKH�FRUUHFW�IUHTXHQF\�EHIRUH�UHVHW�LV�GH�DVVHUWHG�LQWR�WKH�����
&/.287��FRQWLQXHV�WR�VZLWFK�ZKLOH�3:5*22'�LV�GH�DVVHUWHG�
&/.287��ZLOO�EH�GULYHQ�WR�JURXQG�DIWHU�D�6WRS�*UDQW�$FNQRZOHGJH�F\FOH�KDV�EHHQ
H[HFXWHG�ZKLOH�WKH�SURFHVVRU�LV�LQ�WKH�+$/7�VWDWH��&/.287��ZLOO�EH�VZLWFKHG
JOLWFKOHVVO\��DQG�ZLOO�DOVR�HQVXUH�WKDW�WKH�PLQLPXP�FORFN�SXOVH�ZLGWKV�DUH�PHW��WR
WKH�57&·V�FORFN�VRXUFH��W\SLFDOO\���.+]��DIWHU�D�6WRS�*UDQW�$FNQRZOHGJH�F\FOH
KDV�EHHQ�H[HFXWHG�ZLWK�WKH�SURFHVVRU�LQ�WKH�+$/7�VWDWH��$IWHU�DQ�LQWHUUXSW�LV
GHWHFWHG��60,��RU�,175���ERWK�FORFNV�DUH�VZLWFKHG�JOLWFKOHVVO\�EDFN�WR�WKH�RULJLQDO
V\VWHP�FORFN�IUHTXHQF\�DIWHU�REVHUYLQJ�DQ�RVFLOODWRU�VSLQ�XS�GHOD\���673&/.
UHPDLQV�DVVHUWHG�IRU�DQ�DGGLWLRQDO��PV�EH\RQG�WKH�VSLQ�XS�GHOD\�WR�DOORZ�WKH����·V
3//�WR�ORFN�WR�WKH�V\VWHP�IUHTXHQF\�DJDLQ�
,Q�QRUPDO�RSHUDWLRQ��WKH�5���(;�JHQHUDWHV�WKHVH�RXWSXWV�IURP�&/.�26&���RU
IURP�D�VXE�PXOWLSOH�RI�&/.�26&�����2SWLRQDOO\��LQ�VWDQGE\�PRGH��WKH�5���(;�FDQ
JHQHUDWH�WKHVH�RXWSXWV�IURP�WKH��������.+]�FORFN�RQ�57&B;��

26&,1 FPRV�LQ
,&

��������0+]�FORFN�LQSXW�
7KLV�FORFN�LV�GLYLGHG�E\����WR�SURYLGH�D�FORFN�WR�WKH�LQWHUQDO��������7KLV�LQSXW�LV
DOVR�XVHG�WR�JHQHUDWH�'5$0�UHIUHVK�WLPLQJ�

&/.,1 FPRV�LQ
,&

�[�&ORFN�,QSXW�
7KLV�LV�WKH�SULPDU\�FORFN�LQSXW�IRU�WKH�5���(;���,W�LV�XVHG�WR�FORFN�WKH�VWDWH
PDFKLQHV�LQWHUQDO�WR�WKH�5���(;���&RQQHFW�WKLV�LQSXW�WR�RQH�RI�WKH�&/.287
RXWSXWV�
1RWH���,W�LV�H[WUHPHO\�LPSRUWDQW�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�

3:5*22' FPRV�LQ
VFKPLWW
,&6

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
DUH�DVVHUWHG�DQG�WKH�LQWHUQDO�5HDO�7LPH�&ORFN�PHJDFHOO�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�
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7DEOH�������&38�%86�6LJQDOV

6LJQDO 7\SH

$'6� FPRV�LR
,2&7�6

����$GGUHVV�6WUREH�

&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�·[���RXWSXW��7KLV�LQGLFDWHV�WKDW�WKH�&38�LV
GULYLQJ�D�YDOLG�DGGUHVV�DQG�EXV�F\FOH�GHILQLWLRQ���7KLV�VLJQDO�LV�GULYHQ�E\�WKH
5���(;�GXULQJ�'0$�DFFHVVHV��7KH�5���(;�WUDFNV�WKH�VWDWH�RI�WKH�ORFDO�EXV�E\
PRQLWRULQJ�WKLV�LQSXW�DW�DOO�WLPHV�

($'6� FPRV�LR
,2&�

����([WHUQDO�$GGUHVV�6WUREH�

7KLV�RXSXW�LV�XVHG�WR�IRUFH�WKH�&38�WR�SHUIRUP�D�FDFKH�LQYDOLGDWH�RQ�LWV�LQWHUQDO
FDFKH��,W�LV�GULYHQ�ORZ�GXULQJ�'0$�F\FOHV�DQG�GXULQJ�7��RI�D�ZULWH�SURWHFWHG
PHPRU\�DFFHVV�IURP�WKH�&38��7KLV�RXWSXW�VKRXOG�EH�FRQQHFWHG�GLUHFWO\�WR�WKH
&38·V�($'6��SLQ�

0�,2�
'�&�
:�5�

FPRV�LR
,2&7�6

����&\FOH�7\SH�&RQWUROV�

7KHVH�VLJQDOV�HQFRGH�WKH�EDVLF�EXV�WUDQVDFWLRQ�W\SH�DQG��DUH�KRRNHG�GLUHFWO\�WR
WKH�FRUUHVSRQGLQJ�VLJQDOV�RQ�WKH�&38��7KHVH�DUH�GULYHQ�YDOLG�DV�WKH�$'6��VLJQDO
LV�GULYHQ�DVVHUWHG��7KH\�DUH�HQFRGHG�DV�IROORZV�
0�,2�� '�&�� :�5��

� � ����� LQWHUUXSW�DFNQRZOHGJH
� � � +DOW�6SHFLDO�F\FOH

� � � ,�2�GDWD�UHDG
� � � ,�2�GDWD�ZULWH
� � � PHPRU\�FRGH�UHDG
� � � UHVHUYHG
� � � PHPRU\�GDWD�UHDG
� � � PHPRU\�GDWD�ZULWH

�)RU�+DOW�6SHFLDO�F\FOHV��WKH�IROORZLQJ�DSSOLHV�
%(���%(�����$��$�

��������������������������������:ULWHEDFN
��������������������������������)LUVW�)OXVK�$FNQRZOHGJH�F\FOH
��������������������������������)OXVK
��������������������������������6HFRQG�)OXVK�$FNQRZOHGJH�F\FOH
��������������������������������6KXWGRZQ
��������������������������������+DOW
��������������������������������6WRS�*UDQW�$FNQRZOHGJH�F\FOH

%(���� FPRV�LR
,2&7�6

����%\WH�(QDEOHV�
7KHVH�VLJQDOV�GHWHUPLQH�ZKLFK�GDWD�E\WH�ODQHV�DUH�XVHG�RQ�DQ�DFFHVV��'XULQJ
'0$��WKHVH�EHFRPH�RXWSXWV��DQG�WKH\�DUH�GULYHQ�WR�LQGLFDWH�ZKLFK�GDWD�E\WH�ODQHV
DUH�YDOLG�

%/$67� WWO�FPRV�LQ
,&7

����%XUVW�/DVW�
7KLV�VLJQDO��ZKHQ�DVVHUWHG�E\�WKH�&38�LQGLFDWHV�WKDW�WKH�ODVW�F\FOH�RI�D�WUDQVIHU�LV
LQ�SURJUHVV�DQG�WKDW�%5'<���LI�DVVHUWHG��ZLOO�FRPSOHWH�WKH�WUDQVDFWLRQ�

%5'<� FPRV�LR
,2&7�

����%XUVW�5HDG\�
7KLV�VLJQDO�LV�ERWK�PRQLWRUHG�DQG�GULYHQ�DFWLYH�E\�WKH�5���(;��7KH�5���(;�GULYHV
LW�DFWLYH�GXULQJ��'5$0�EXUVW�UHDG�DQG�ZULWH�F\FOHV��WR�LQGLFDWH�WR�WKH�SURFHVVRU�WKDW
GDWD�LV�YDOLG�RU�KDV�EHHQ�ZULWWHQ���7KLV�SLQ�LV���VWDWHG�GXULQJ�/'(9��F\FOHV�

5'<� FPRV�LR
,2&7�

����5HDG\�
7KLV�VLJQDO�LV�ERWK�PRQLWRUHG�DQG�GULYHQ�DFWLYH�E\�WKH�5���(;��7KH�5���(;�GULYHV
WKLV�VLJQDO�DFWLYH�DW�WKH�HQG�RI�D�EXV�F\FOH�GHVWLQHG�IRU�'5$0�RU�WKH�,6$�EXV���,W
DOVR�GULYHV�WKLV�VLJQDO�DFWLYH�WR�WHUPLQDWH�WKH�&38·V�+DOW�6SHFLDO�F\FOHV��7KLV�SLQ�LV
��VWDWHG�GXULQJ�/'(9��F\FOHV�
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7DEOH�������&38�%86�6LJQDOV

6LJQDO 7\SH

.(1� FPRV�LR
,2&�

����&DFKHDEOH�(QDEOH�
7KLV�VLJQDO��LV�GULYHQ�LQDFWLYH�E\�WKH�5���(;�WR�LQGLFDWH�WR�WKH�&38�WKDW�FXUUHQW
EXV�WUDQVDFWLRQ�LV�QRW�FDFKHDEOH��.(1��LV���VWDWHG�GXULQJ�/'(9��F\FOHV�

,175 RXW
,2&�6

����,QWHUUXSW�
7KLV�LV�DQ�DFWLYH�KLJK�RXWSXW�WKDW�LV�XVHG�WR�VLJQDO�WR�WKH�&38�WKDW�DQ�LQWHUUXSW
UHTXHVW�KDV�EHHQ�UHFHLYHG�IURP�WKH�LQWHUQDO�����V�

/'(9� WWO�FPRV�LQ
,&7

/RFDO�'HYLFH�3LQ�
7KLV�LQSXW��ZKHQ�DVVHUWHG��WHOOV�WKH�5���(;�WKDW�WKH�FXUUHQW�DFFHVV�RQ�WKH�����EXV
VKRXOG�QRW�EH�IRUZDUGHG�WR�WKH�'5$0�RU�,6$EXV��EXW�LQVWHDG�ZLOO�EH�KDQGOHG�E\
VRPH�RWKHU�ORFDO�EXV�FRQWUROOHU�SHULSKHUDO�

+2/' FPRV�LR
,2&�

����+2/'�3LQ�
7KH�5���(;�GULYHV�WKLV�SLQ�DVVHUWHG�WR�JDLQ�FRQWURO�RI�WKH�����DGGUHVV�DQG�GDWD
EXV�

+/'$ FPRV�LQ
,&7

����+2/'�$FNQRZOHGJH�
7KH�5���(;�ZDLWV�IRU�WKLV�VLJQDO�WR�EH�DVVHUWHG�E\�WKH�����DV�DFNQRZOHGJPHQW
WKDW�WKH�5���(;�KDV�EHHQ�JUDQWHG�WKH�EXV�

+,70� WWO�FPRV�LQ
,&7

����+LW�0RGLILHG�
7KLV�SLQ�VXSSRUWV�ZULWH�EDFN�FRQILJXUHG�/��&38�FDFKHV���:KHQ�DVVHUWHG�E\�WKH
&38��WKH�5���(;�UHPRYHV�LWVHOI�IURP�WKH�EXV��LI�LW�LV�WKH�EXV�RZQHU��DQG�DOORZV�WKH
/��FDFKH�PRGLILHG�GDWD�WR�EH�XSGDWHG�LQWR�'5$0�

)(55� WWO�FPRV�LQ
,&7

����)ORDWLQJ�3RLQW�(UURU�
7KLV�VLJQDO�LV�GULYHQ�DFWLYH�E\�WKH�&38�WR�LQGLFDWH�WKDW�D�IORDWLQJ�SRLQW�HUURU�KDV
RFFXUUHG�DQG�FDXVHV�,54���WR�EH�JHQHUDWHG�

,**1(� FPRV�LR
,2&�6

����,JQRUH�1XPHULF�(UURU�
7KLV�VLJQDO�LV�GULYHQ�DFWLYH�E\�WKH�5���(;�GXULQJ�ZULWHV�WR��[)����[)���LI�)(55��LV
DFWLYH���,W�UHPDLQV�DVVHUWHG�XQWLO�)(55��LV�GULYHQ�LQDFWLYH�E\�WKH�&38�

$��0� FPRV�LR
,2&�6

����$���0DVN�
7KLV�VLJQDO�VKRXOG�EH�WLHG�GLUHFWO\�WR�WKH�&38·V�$��0��SLQ���7KLV�SLQ�LV�GULYHQ�E\
WKH�5���(;�IURP�WKH�25�RI�LWV�LQWHUQDO�NH\ERDUG�FRQWUROOHU·V�*$7($���SLQ��ZLWK
WKH�3RUW����*$7(�$���ELW��$��0��LV�DOVR�IRUFHG�LQDFWLYH�ZKHQ�60,$&7��LV
DVVHUWHG�

65(6(7 FPRV�LR
,2&�6

����5HVHW�&38�2QO\�
7KLV�VLJQDO�VKRXOG�EH�WLHG�GLUHFWO\�WR�&38·V��65(6(7�SLQ���7KLV�SLQ�LV�GULYHQ�E\�WKH
5���(;�IURP�WKH�25�RI�LWV�LQWHUQDO�NH\ERDUG�FRQWUROOHU·V�5(6(7&38�SLQ�ZLWK�WKH
3RUW����5HVHW�&38�ELW��7KLV�VLJQDO�LV�GULYHQ�DFWLYH�IRU�D�PLQLPXP�RI����&/.,1
SHULRGV�

$����$���$� WWO�FPRV�LR
,2&7�6

����$GGUHVV�/LQHV�
7KHVH�DUH�WKH�&38·V�DGGUHVV�OLQHV��7KHVH�OLQHV�DUH�GULYHQ�E\�WKH�5���(;�GXULQJ
'0$�DFFHVVHV�DQG�DUH�XVHG�DV�LQSXWV�DW�DOO�RWKHU�WLPHV�

'���� WWO�FPRV�LR
,2&7�6

����'DWD�%XV�
:KHQ�DQ�H[WHUQDO�SXOO�XS�LV�DGGHG�WR�'����WKLV�GDWD�OLQH�PD\�EH�XVHG�E\�WKH�V\VWHP
GHVLJQHU�WR�GHWHUPLQH�WKH�W\SH�RI�'5$0��('2�YHUVXV�)30�LQVWDOOHG�LQ�WKH�V\VWHP
DXWRPDWLFDOO\�
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7DEOH�������&38�%86�6LJQDOV

6LJQDO 7\SH

'3��� WWO�FPRV�LR
,2&7�6

����'DWD�3DULW\�%LWV�
(YHQ�SDULW\�LV�FKHFNHG�E\�WKH�5���(;�RQO\�GXULQJ�DOO�'5$0�UHDG�F\FOHV��'0$�RU
SURFHVVRU�LQLWLDWHG���7KHVH�ELWV�DUH�RQO\�GULYHQ�E\�WKH�5���(;�GXULQJ�D�'0$
PHPRU\�ZULWH��)RU�SURFHVVRU�LQLWLDWHG�DFFHVVHV��WKH�SURFHVVRU�VXSSOLHV�WKH�SDULW\
ELWV�
0XOWLSOH[HG�ZLWK�
'3��LV�PXOWLSOH[HG�ZLWK�&6B865���DQG�,54�
'3��LV�PXOWLSOH[HG�ZLWK�&6B865���DQG�,54�
'3��LV�PXOWLSOH[HG�ZLWK��,'(:5��DQG�,54��
'3��LV�PXOWLSOH[HG�ZLWK�,'(5'��DQG�,54���

10, FPRV�LR
,2&7�6

����1RQ�0DVNDEOH�,QWHUUXSW�
7KLV�LV�DQ�DFWLYH�KLJK�RXWSXW�WKDW�LV�XVHG�WR�VLJQDO�WR�WKH�&38�WKDW�D�SDULW\�HUURU�KDV
EHHQ�DVVHUWHG�
0XOWLSOH[HG�ZLWK��60,,13���,54�

7DEOH������3RZHU�0DQDJHPHQW�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ

673&/.� FPRV�LR
FVU
,2&�6

6WRS�&ORFN�
7KLV�RXWSXW�LV�GULYHQ�DFWLYH�E\�WKH�5���(;�WR�VLJQDO��D�FKDQJH�LQ�FORFN�IUHTXHQF\�WR
WKH�&38��7KH�DFWXDO�FORFN�IUHTXHQF\�FKDQJH�RFFXUV�DIWHU�WKH�5���(;�VHHV�D�6WRS
*UDQW�$FNQRZOHGJH�EXV�F\FOH�

60,� FPRV�LR
FVU
,2&�

6\VWHP�0DQDJHPHQW�,QWHUUXSW�
&RQQHFW�GLUHFWO\�WR�WKH�FRUUHVSRQGLQJ�&38�LQSXW��7KLV�RXWSXW�LV�DVVHUWHG�ZKHQHYHU
DQ\�V\VWHP�PDQDJHPHQW�HYHQW�RFFXUV��RU��ZKHQ�60,,13���LQSXW�LV�DVVHUWHG�DQG�LV
FRQILJXUHG�DV�H[WHUQDO�60,��H[SDQVLRQ�SLQ�

60,$&7� FPRV�LQ
,&7

6\VWHP�0DQDJHPHQW�,QWHUUXSW�$FWLYH�
7KLV�LQSXW�LV�XVHG�WR�DFNQRZOHGJH�DQ�60,��LQWHUUXSW���:KHQ�DFWLYH��LW�DOORZV�DFFHVV
WR�HLWKHU�WKH�WRS����.%�RI�'5$0�RU�WKH����.%�RI�'5$0DW�DGGUHVVHV
�[���$������[���%))))���:KHQ�DFWLYH��&38�DFFHVVHV�PXVW�QRW�EH�ZULWH�EDFN
FDFKHG��7KLV�FDQ�EH�DFFRPSOLVKHG�E\�W\LQJ�60,$&7��WR�WKH�:%�:7��SLQ�RI�WKH
&38�RU�E\�DOZD\V�IRUFLQJ�WKH�&38�WR�SHUIRUP�ZULWH�WKURXJK�DFFHVVHV�
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7DEOH������'5$0�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ

5$6$)��
5$6$6��
5$6%)��
5$6%6�

FPRV�RXW
,2&��

5RZ�$GGUHVV�6WUREHV�
7KHVH�DUH�URZ�DGGUHVV�VWUREHV�WR�WKH�'5$0�WKDW�VXSSRUW�XS�WR�IRXU�PRGXOHV�RI
'5$0�

&$6���� FPRV�RXW
,2&��

&ROXPQ�$GGUHVV�6WUREHV��
7KHVH�DUH�FROXPQ�DGGUHVV�VWUREHV�WR�WKH�'5$0���(DFK�&$6[��OLQH�LV�DVVRFLDWHG
ZLWK�LWV�UHVSHFWLYH�GDWD�E\WH�OLQH��IRU�H[DPSOH��&$6���LV�DVVRFLDWHG�ZLWK�'��'���

0$���0$� FPRV�LR
,2&��
�0$�����
,2&��
�0$����

0XOWLSOH[HG�DGGUHVV�
7KHVH�VLJQDOV�GULYH�WKH�DGGUHVV�LQSXWV�RI�WKH�'5$0�VXEV\VWHP�GLUHFWO\��7KH\�DUH
DOVR�XVHG�DW�SRZHU�RQ�UHVHW�WR�GHWHUPLQH�WKH�LQLWLDO�FRQILJXUDWLRQ�RI�VHYHUDO�SLQV�RQ
WKH�5���(;�

:(� FPRV�RXW
,2&��

'5$0�:ULWH�(QDEOH�
7KLV�VLJQDO�LV�DVVHUWHG�E\�WKH�5���(;�GXULQJ�D�ZULWH�WR�'5$0���,W�LV�DOVR�DVVHUWHG
DW�WKH�HQG�RI�UHDG�F\FOHV�LQ�FDVH�WKH�'5$0�W\SH�LV�VHW�WR�('2�DV�D�ZD\�RI�GLVDEOLQJ
WKH�'5$0·V�RXWSXW�EXIIHUV�

7DEOH������,6$EXV�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ

,54�����,54��
����,54��

WWO�FPRV�LQ
,&7
�VHH�PXOWLSOH[HG
IXQFWLRQ�IRU�RXWSXW
EXIIHU�VWUHQJWK�

,QWHUUXSW�5HTXHVW�/LQHV�
7KHVH�DUH�WKH�DV\QFKURQRXV�LQSXW�WR�WKH�LQWHUQDO�����V��(DFK�RI�WKHVH�KDV�D
GHGLFDWHG�SLQ��LI�GHVLUHG���,I�'5$0�SDULW\��(,'(��,54����RU�WKH�IXOO�VHW�RI�,6$�'0$
SLQ�IXQFWLRQV�DUH�UHTXLUHG��WKHVH�LQSXWV�DUH�VXSSOLHG�WKURXJK�DQ�H[WHUQDO�PXOWLSOH[HU
�¶����RU�¶�����DQG�WKH�08;,54�SLQ�
0XOWLSOH[HG�ZLWK�
,54��LV�PX[HG�ZLWK�&/.6�
,54��LV�PX[HG�ZLWK�&/.6�
,54��LV�PX[HG�ZLWK�08;,54
,54��LV�PX[HG�ZLWK�60,,13�
,54��LV�PX[HG�ZLWK�'3��RU�&6B865��
,54��LV�PX[HG�ZLWK�'3���RU�&6B865��
,54���LV�PX[HG�ZLWK�'3��RU�,'(:5�
,54���LV�PX[HG�ZLWK�'3��RU�,'(5'�

,54�� WWO�FPRV�LQ
,&7

,QWHUUXSW�5HTXHVW�/LQHV�
7KLV�LV�DQ�DV\QFKURQRXV�LQSXW�WR�WKH�LQWHUQDO�������7KLV�LQWHUUXSW�LV�DYDLODEOH
H[WHUQDOO\��LI�WKH�LQWHUQDO�8$57V��GHULYH�WKHLU�FORFNV�IURP�D�GLYLGHG�YHUVLRQ�RI�WKH
&/.,1�LQSXW�
0XOWLSOH[HG�ZLWK��&20B&/.

,54���,54� WWO�FPRV�LQ
RSHQ�GUDLQ
,&7

,QWHUUXSW�5HTXHVW�/LQHV�
7KHVH�DUH��DV\QFKURQRXV�LQSXWV�WR�WKH�LQWHUQDO�����V���,I��WKH�LQWHUQDO�NH\ERDUG
FRQWUROOHU�LV�GLVDEOHG��WKHVH�WZR�LQWHUUXSW�SLQV�DUH�DYDLODEOH���,I�WKH�LQWHUQDO�NH\ERDUG
FRQWUROOHU�LV�HQDEOHG��WKHQ�,54��LV�VXSSOLHG�IURP�WKH�LQWHUQDO�NH\ERDUG�FRQWUROOHU�
DQG�,54���LV�VXSSOLHG�IURP�WKH�PRXVH�FRQWUROOHU�IXQFWLRQ��LI�LW�LV�HQDEOHG�
0XOWLSOH[HG�ZLWK�
,54���LV�PX[HG�ZLWK�.%B&/.
,54��LV�PX[HG�ZLWK�.%B'$7$
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,54�� FPRV�LQ
,&

,QWHUUXSW�5HTXHVW���
7KLV�LV�DQ��DV\QFKURQRXV�LQSXW�WR�WKH�LQWHUQDO������ZKHQ�DQ�H[WHUQDO�57&�LV
VHOHFWHG�
0XOWLSOH[HG�ZLWK���57&36

08;,54 WWO�FPRV�LQ
,&7

0XOWLSOH[HG�,QWHUUXSW�5HTXHVW�
:KHQ�FRQILJXUHG�DV�08;,54��WKLV�LQSXW�SLQ�VXSSOLHV�,54������������������������
LQSXW�LQIRUPDWLRQ�LQ�D�WLPH�PXOWLSOH[HG�IDVKLRQ�WR�WKH�LQWHUQDO�����V���&/.6���%&/.�
DQG�&/.6��SLQV�IHHG�WKH�06%�WR�/6%�VHOHFW�ELWV�RI�WKH�PXOWLSOH[HU��UHVSHFWLYHO\�
7KH�,54V�VKRXOG�EH�FRQQHFWHG�WR�WKH�H[WHUQDO�'��'��¶����RU�¶����PXOWLSOH[HU�SLQV
LQ�WKH�RUGHU�VSHFLILHG�DERYH���,54��JRHV�WR�'���,54��JRHV�WR�'���HWF��
0XOWLSOH[HG�ZLWK���,54�

'54$�
'54%

WWO�FPRV�LR
,&7��'54$�
,2&7�6��'54%�

'LUHFW�0HPRU\�$FFHVV�5HTXHVW�OLQHV�
:KHQ�FRQILJXUHG�DV�GLVFUHWH�'54�LQSXWV��WKHVH�WZR�SLQV�FDQ�EH�SURJUDPPHG�WR
DQ\�'54�LQSXW�GHVLUHG���7KH�VHOHFWHG�'0$�UHTXHVW�OLQHV�DUH�WKHQ�PXOWLSOH[HG�LQWR
WKH�LQWHUQDO��������,I�ERWK�SLQV�DUH�SURJUDPPHG�WR�DVVHUW�WKH�VDPH�LQWHUQDO�'0$
UHTXHVW�SLQ��OLNH�'54���WKHQ�WKH�HIIHFW�ZLOO�EH�WR�LQWHUQDOO\�25�WKH�H[WHUQDO�'54$�%
SLQV�WRJHWKHU��QRW�QRUPDOO\�GHVLUHG����'54$�LV�SDLUHG�ZLWK�'$&.$���'54%�LV
SDLUHG�ZLWK�'$&.%��
0XOWLSOH[HG�ZLWK�
'54$�LV�PX[HG�ZLWK�08;'54
'54%�LV�PX[HG�ZLWK�'$&.(1&�

'$&.$��
'$&.%�

WWO�FPRV�LR
,2&�6

'LUHFW�0HPRU\�$FFHVV�$FNQRZOHGJH�OLQHV�
7KHVH�VLJQDOV�DUH�'$&.�RXWSXWV�IURP�DQ�LQWHUQDO�������'$&.$��LV�SDLUHG�ZLWK
'54$���'$&.%��LV�SDLUHG�ZLWK�'54%���7KH�DFWXDO�'$&.��PDSSLQJ�LV�JRYHUQHG�E\
WKH�DVVRFLDWHG�'54�SLQ�SURJUDPPLQJ�
0XOWLSOH[HG�ZLWK�
'$&.$��LV�PX[HG�ZLWK�'$.(1&�
'$&.%��LV�PX[HG�ZLWK�'$.(1&�

08;'54 WWO�FPRV�LQ
,&7

0XOWLSOH[HG�'LUHFW�0HPRU\�$FFHVV�5HTXHVW�
:KHQ�FRQILJXUHG�DV�08;'54��WKLV�LQSXW�SLQ�VXSSOLHV�'54���'54���'54���'54��
,54����'54���'54���'54��LQSXW�LQIRUPDWLRQ�LQ�D�WLPH�PXOWLSOH[HG�IDVKLRQ�WR�WKH
LQWHUQDO�����V��DQG������LQ�WKH�FDVH�RI�,54������&/.6���%&/.��DQG�&/.6��SLQV
PXVW�IHHG�WKH�06%�WR�/6%�VHOHFW�ELWV�RI�WKH�PXOWLSOH[HU��UHVSHFWLYHO\���7KH�,54V
VKRXOG�EH�FRQQHFWHG�WR�WKH�H[WHUQDO�'��'��¶����RU�¶����PXOWLSOH[HU�SLQV�LQ�WKH�RUGHU
VSHFLILHG�DERYH��'54��JRHV�WR�'���'54��JRHV�WR�'���HWF��
0XOWLSOH[HG�ZLWK���'54$

'$.(1&��� WWO�FPRV�LR
,2&�6

'$&.�(QFRGHG�OLQHV�
:KHQ�FRQILJXUHG�LQ�WKLV�PDQQHU��WKHVH�SLQV�VXSSRUW�WKH�IXOO�FRPSOHPHQW�RI�'0$
FKDQQHOV�WKURXJK�WKH�XVH�RI�DQ�H[WHUQDO�¶����GHFRGHU���'$.(1���'$.(1&���DQG
'$.(1&��VKRXOG�EH�FRQQHFWHG�WR�WKH�06%�WR�/6%�GHFRGH�VHOHFW�SLQV�
UHVSHFWLYHO\��,Q�DGGLWLRQ��$7�$(1�VKRXOG�EH�XVHG�WR�HQDEOH�WKH�¶������:KHQ
FRQQHFWHG�LQ�WKLV�IDVKLRQ��WKH�'$&.�[�RXWSXWV�FRPH�IURP�WKH�UHVSHFWLYH�¶���
RXWSXW��'$&.���IURP�'���RI�WKH�·�����'$&.���IURP�'����HWF���
0XOWLSOH[HG�ZLWK�
'$.(1&��LV�PX[HG�ZLWK�'$&.%�
'$.(1&��LV�PX[HG�ZLWK�'$&.$�
'$.(1&��LV�PX[HG�ZLWK�'54%

7& FPRV�LR
,2&�6

7HUPLQDO�&RXQW�
7KLV�VLJQDO�LV�DVVHUWHG�E\�WKH�5���(;�ZKHQ�D�'0$�FKDQQHO�UHDFKHV�LWV�WHUPLQDO
FRXQW�
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$(1 RXW
FVU
,2&�6

$GGUHVV�(QDEOH�
7KLV�RXWSXW�LV�DVVHUWHG�GXULQJ�'0$�DQG�,6$�5HIUHVK�F\FOHV��,W�LQGLFDWHV�WKDW�WKH�6$
RXWSXWV�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$�SHULSKHUDOV�DFFHVVHG�YLD�,�2�LQVWUXFWLRQV�PXVW�GLVDEOH�WKHLU�DGGUHVV�GHFRGH
ZKLOH�WKLV�RXWSXW�LV�DVVHUWHG��RWKHUZLVH�WKH\�UHVSRQG�LQFRUUHFWO\�WR�PHPRU\
DGGUHVVHV�ZKHQ�WKH�,25��RU�,2:��VLJQDO�EHFRPHV�DVVHUWHG�WRJHWKHU�ZLWK�0(05�
RU�0(0:��GXULQJ�D�'0$�F\FOH���,�2�GHYLFHV�SDUWLFLSDWLQJ�LQ�D�'0$�F\FOH�VKRXOG
VHOHFW�WKHPVHOYHV�XVLQJ�'$&.[��GLUHFWO\�IURP�WKH�5���(;��RU�IURP�WKH�¶����ZKHQ
WKH�5���(;�HQFRGHV�WKH�'$&.�VLJQDOV��

%$/( RXW
,2&�

%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
,2&�

%XV�&ORFN�
7KLV�LV�WKH�,6$EXV�FORFN�VLJQDO���,W�LV�&/.,1�GLYLGHG�E\��������RU����:KHQ�GLYLGH�E\��
LV�VHOHFWHG��WKH�GXW\�F\FOH�RI�WKLV�RXWSXW�LV�a����KLJK������ORZ��)RU�DOO�RWKHU
GLYLVRUV��WKH�RXWSXW�GXW\�F\FOH�LV�a����
6LQFH��JHQHUDOO\��WKH�,6$EXV�LV�DV\QFKURQRXV��%&/.�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���(;�
:KHQ�H[WHUQDO�PXOWLSOH[HUV�DUH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�5���(;�WR�HQDEOH
(,'(�RU�'5$0�SDULW\�RU�IXOO�'0$�VXSSRUW��WKH�%&/.�SLQ�VKRXOG�DOVR�EH�URXWHG�WR
WKH�LQWHUPHGLDWH�VHOHFW�SLQ�RI��D�¶����RU�¶����W\SH�RI�PXOWLSOH[HU�
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�FPRV�LQ
,&7

,�2�&KDQQHO�5HDG\�
2Q�WKH�,6$EXV��WKLV�LQSXW�LV�LPSOHPHQWHG�DV�RSHQ�FROOHFWRU��KHOG�DVVHUWHG�E\�D�SXOO�
XS�UHVLVWRU��,W�PD\�EH�QHJDWHG�E\�DQ�,6$�PHPRU\�RU�DQ�,�2�GHYLFH�WR�H[WHQG�WKH
GXUDWLRQ�RI�WKH�FXUUHQW�,6$�F\FOH�
7R�H[WHQG�D�F\FOH��DQ�,6$�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�UHVLVWRU�WR�SXOO�LW
DVVHUWHG���$OWHUQDWLYHO\��WR�VSHHG�XS�WKH�FRPSOHWLRQ�RI�WKH�F\FOH��WKH�GHYLFH�FDQ
DFWLYHO\�GULYH�,2&+5'<�DVVHUWHG�DQG�WKHQ�WULVWDWH�LW�
,2&+5'<�QHJDWHG�RYHUULGHV�12:6��DVVHUWHG���1RUPDO�,6$�F\FOHV�DUH�H[WHQGHG
E\�LQWHJUDO�QXPEHUV�RI�%&/.�F\FOHV���,6$�'0$�F\FOHV�DUH�H[WHQGHG�E\�HYHQ
QXPEHUV�RI�%&/.�F\FOHV���7KH�'5$0�UHIUHVK�FRQWUROOHU�RQO\�UHPHPEHUV�D�VLQJOH
SHQGLQJ�UHIUHVK��VR�LI�,2&+5'<�LV�KHOG�QHJDWHG�IRU�WRR�ORQJ��,6$�DQG�'5$0
UHIUHVK�F\FOHV�PD\�EH�ORVW�

,2&6��� WWO�FPRV�LQ
,&7

,�2�&KLS�6HOHFW����
2Q�WKH�,6$EXV��WKLV�LQSXW�LV�LPSOHPHQWHG�DV�RSHQ�FROOHFWRU��KHOG�QHJDWHG�E\�D�SXOO�
XS�UHVLVWRU��$Q�,6$�EXV�,�2�GHYLFH�WKDW�FDQ�VXSSRUW����ELW�DFFHVVHV�PD\�DVVHUW
,2&6����YLD�D�VWUDLJKW�GHFRGH�RI�6$>���@��ZKLOH�6$>���@�LV�VXIILFLHQW�LQ�VRPH
V\VWHPV��LW�LV�UHFRPPHQGHG�WKDW�D�GHFRGH�RI�6$>����@�EH�XVHG��ZLWKRXW�TXDOLILFDWLRQ
E\�DQ\�FRQWURO�VWUREHV���7KLV�WHOOV�WKH�5���(;�WR�SHUIRUP�D����ELW�DFFHVV�WR�WKH
GHYLFH�LI�SRVVLEOH���,2&6����LV�LJQRUHG�E\�WKH�5���(;�H[FHSW�GXULQJ�,6$�,�2
F\FOHV�
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,25� RXW
,2&�

,�2�5HDG�6WUREH�
7KLV�FRPPDQG�VWUREH�RXWSXW�LQVWUXFWV�DQ�,6$�,�2�GHYLFH��LI�VHOHFWHG��WR�GULYH�GDWD
RQWR�WKH�GDWD�EXV���$Q�,�2�GHYLFH�LV�VHOHFWHG�E\�DQ�DGGUHVV�GXULQJ�DQ�,�2�F\FOH�DQG
E\�D�'$&.[��GXULQJ�D�'0$�F\FOH�

,2:� RXW
,2&�

,�2�:ULWH�6WUREH�
7KLV�FRPPDQG�VWUREH�RXWSXW�LQVWUXFWV�DQ�,6$�,�2�GHYLFH��LI�VHOHFWHG��WR�DFFHSW�GDWD
IURP�WKH�GDWD�EXV��$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�FPRV�LQ
,&7

0HPRU\�&KLS�6HOHFW����
2Q�WKH�,6$EXV��WKLV�LQSXW�LV�LPSOHPHQWHG�DV�RSHQ�FROOHFWRU��KHOG�QHJDWHG�E\�D�SXOO�
XS�UHVLVWRU���$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�D����ELW�DFFHVV�WR�WKH�GHYLFH�LI�SRVVLEOH�
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�WZHQW\�IRXU�PD\�EH�XVHG��2U��IRU�EDFNZDUG�FRPSDWLELOLW\�ZLWK�JHQHULF
,6$��WKH�GHFRGH�PD\�EH�OLPLWHG�WR�XVLQJ�6$>�����@�

0(05� RXW
,2&�

0HPRU\�5HDG�6WUREH�
7KLV�FRPPDQG�VWUREH�RXWSXW�LQVWUXFWV�DQ�,6$�PHPRU\�GHYLFH��LI�VHOHFWHG��WR�GULYH
GDWD�RQWR�WKH�GDWD�EXV���$�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
,2&�

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

12:6� WWO�FPRV�LQ
,&7

1R�:DLW�6WDWH�
2Q�WKH�,6$EXV��WKLV�LQSXW�LV�LPSOHPHQWHG�DV�RSHQ�FROOHFWRU��KHOG�QHJDWHG�E\�D�SXOO�
XS�UHVLVWRU���8QOLNH�DOO�RWKHU�LQSXWV�IURP�WKH�,6$�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�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'<��

5()5(6+� RXW
FVU
,2&�6

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\�VHWWLQJ�D�UHJLVWHU�ELW�
1RWH���7KH�5���(;�GRHV�QRW�VXSSRUW�DGG�RQ�EXV�RZQHUV
��0DVWHU�0RGH�'0$���VR�FRQWUDU\�WR�WKH�,6$�VSHFLILFDWLRQV��WKLV�RXWSXW�LV�WRWHP�SROH�
QRW�RSHQ�FROOHFWRU�

0XOWLSOH[HG�ZLWK���&6B865�

5(6(7'59 RXW
FVU
,2&�6

5HVHW�'ULYH�
7KLV�RXWSXW�LQGLFDWHV�DQ�,6$EXV�UHVHW���,W�FDQ�DOVR�EH�XVHG�WR�GULYH�WKH�5(6(7�LQSXW
LQWR�WKH�&38���5(6(7'59�LV�JXDUDQWHHG�WR�EH�DVVHUWHG�IRU�DW�OHDVW����%&/.
F\FOHV�
1RWH��6RODUL�LQ�,6$�	�(,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�$7�
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6$>���@ RXW
FVU
,2&��6

6\VWHP�$GGUHVV�
7KHVH�WZR�RXWSXWV��WRJHWKHU�ZLWK�$(1�DQG�6%+(��DQG�DQ�H[WHUQDO�&38�DGGUHVV
EXV�ODWFK�EXIIHU��SURYLGH�HLWKHU�D�PHPRU\�DGGUHVV�RU�DQ�,�2�DGGUHVV�IRU�WKH�,6$EXV�
7KH�5���(;�FRQYHUWV�WKH�%(�����LQSXWV�IURP�WKH�����LQWR�WKH�,6$EXV�6$��DQG
6$��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�[���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
WKURXJKRXW�D�WUDQVIHU��DQG�/$>�����@�PD\�FKDQJH�EHIRUH�D�WUDQVIHU�FRPSOHWHV�
%$/(�LV�XVHG�LQ�D�JHQHULF�,6$EXV�WR�ODWFK�WKH�/$�VLJQDOV�EHIRUH�WKH\�FKDQJH���,Q�DQ
5���(;�GHVLJQ��DOO�WZHQW\�IRXU�DGGUHVVHV��DUH�VWDEOH�WKURXJKRXW�DQ�HQWLUH�,6$
F\FOH��VR�WKHUH�LV�QR�QHHG�WR�ODWFK�WKHP�

6%+(� RXW
FVU
,2&�6

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

6'>����@ WWO�FPRV�LR
FVU
,2&7�6

6\VWHP�'DWD�
7KHVH�VLJQDOV�PDNH�XS�WKH�,6$�GDWD�EXV��7KH�5���(;�OLQNV�WKH�,6$�GDWD�EXV�WR�WKH
&38�GDWD�EXV���(LJKW�ELW�GHYLFHV�DOZD\V�XVH�6'>���@�RQO\��UHJDUGOHVV�RI�ZKHWKHU
WKH\�DUH�DW�DQ�RGG�RU�DQ�HYHQ�DGGUHVV���6L[WHHQ�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
,2&�

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
,2&�

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$�PHPRU\�DGGUHVV�VSDFH��6$>�����@�  ����
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7DEOH�������5HDO�7LPH�&ORFN�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ

57&B9&& SRZHU 5HDO�7LPH�&ORFN�9&&�
7KLV�SURYLGHV�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
,'4

&U\VWDO�LQSXW�
7KLV�LV�WKH��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�WKH�V\VWHP
SRZHU�LV�RII�
&DXWLRQ���3D\�FDUHIXO�DWWHQWLRQ�WR�KRZ�57&B;��DQG�57&B;��DUH�FRQQHFWHG�
7KLV�DUUDQJHPHQW�LV�VRPHZKDW�GLIIHUHQW�WKDQ�RWKHU�RVFLOODWRU�FLUFXLWV�

57&B;� FPRV�LR
GULYHV�FU\VWDO
RQO\
2'4

&U\VWDO�LQSXW�RXWSXW�
7KLV�LV�WKH�RXWSXW�VLGH�RI�WKH��������.+]�FU\VWDO�RVFLOODWRU�IRU�WKH�LQWHUQDO�5HDO�
7LPH�&ORFN�PHJDFHOO���7KLV�RXWSXW�VKRXOG�EH�FRQQHFWHG��RQO\�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;��
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�����LV�LQ
VWRS�FORFN�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�
&DXWLRQ���3D\�FDUHIXO�DWWHQWLRQ�WR�KRZ�57&B;��DQG�57&B;��DUH�KRRNHG�XS�
7KLV�DUUDQJHPHQW�LV�VRPHZKDW�GLIIHUHQW�WKDQ�RWKHU�RVFLOODWRU�FLUFXLWV�

57&B36 FPRV�LQ
,&

5HDO�7LPH�&ORFN�3RZHU�6HQVH�
7KLV�LQSXW��ZKHQ�QHJDWHG��FOHDUV�WKH�957�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�SLQ�LV�DOVR�XVHG�LQ�FRQMXQFWLRQ�ZLWK
WKH�7(67��SLQ�WR�HQDEOH�WKH�1$1'75((�IXQFWLRQ���:KHQ�ERWK�WKH�7(67��SLQ�LV
ORZ��DVVHUWHG��DQG�57&B36�LV�ORZ��DOO�RXWSXWV�IORDW���H[FHSW�1$1'287��DQG�WKH
1$1'75((�WHVWLQJ�LV�HQDEOHG�
7KLV�LQSXW�EXIIHU�LV�SRZHUHG�E\�57&B9&&�DQG�LV�DFWLYH�HYHQ�ZKHQ�V\VWHP�SRZHU
LV�RII�
0XOWLSOH[HG�ZLWK��,54��
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7DEOH�������.H\ERDUG�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ

&6B.%� RXW
,2&6�

.H\ERDUG�&RQWUROOHU�&KLS�6HOHFW�
7KLV�SLQ�LV�WKH�FKLS�VHOHFW�RXWSXW�IRU�DQ�H[WHUQDO�NH\ERDUG�FRQWUROOHU��7KLV�IXQFWLRQ
LV�RQO\�HQDEOHG�LI�WKH�LQWHUQDO�NH\ERDUG�FRQWUROOHU�LV�GLVDEOHG�DQG�WKH�LQWHUQDO�57&
LV�HQDEOHG�
0XOWLSOH[HG�ZLWK���02B'$7$�DQG�57&B$6

.%B&/. FPRV�LR
FVU
RSHQ�GUDLQ
VFKPLWW
,2&7�6

.H\ERDUG�&ORFN�
7KLV�EL�GLUHFWLRQDO�RSHQ�GUDLQ�VLJQDO�LPSOHPHQWV�WKH�,%0�36���SURWRFRO�IRU�WKH
NH\ERDUG�FORFN�
1RWH���7KLV�,�2�FHOO�LV�QRW�RSHQ�GUDLQ�

0XOWLSOH[HG�ZLWK��,54��

.%B'$7$ FPRV�LR
FVU
RSHQ�GUDLQ
VFKPLWW
,2&7�6

.H\ERDUG�'DWD�
7KLV�EL�GLUHFWLRQDO�RSHQ�GUDLQ�VLJQDO�LPSOHPHQWV�WKH�,%0�36���SURWRFRO�IRU
NH\ERDUG�GDWD�
1RWH���7KLV�,�2�FHOO�LV�QRW�RSHQ�GUDLQ�

0XOWLSOH[HG�ZLWK���,54�

02B&/. FPRV�LR
FVU
RSHQ�GUDLQ
VFKPLWW
,2&6�6

0RXVH�&ORFN�
7KLV�EL�GLUHFWLRQDO�RSHQ�GUDLQ�VLJQDO�LPSOHPHQWV�WKH�,%0�36���SURWRFRO�IRU�WKH
PRXVH�FORFN�
1RWH���7KLV�,�2�FHOO�LV�QRW�RSHQ�GUDLQ��EXW�VLPXODWHV�DQ�RSHQ�GUDLQ�E\�UXQQLQJ�WKH
PRXVH�FON�RXWSXW�LQWR�ERWK�WKH���VWDWH�HQDEOH�DQG�JURXQGLQJ�WKH�LQSXW�RI
WKH�RXWSXW�EXIIHU�

0XOWLSOH[HG�ZLWK��57&B'6�DQG�&6B865��

02B'$7$ FPRV�LR
FVU
RSHQ�GUDLQ
VFKPLWW
,2&6�6

0RXVH�'DWD�
7KLV�EL�GLUHFWLRQDO�RSHQ�GUDLQ�VLJQDO�LPSOHPHQWV�WKH�,%0�36���SURWRFRO�IRU�PRXVH
GDWD�
1RWH���7KLV�,�2�FHOO�LV�QRW�RSHQ�GUDLQ�

0XOWLSOH[HG�ZLWK��57&B$6�DQG�&6B.%�
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7DEOH������&RPP�3RUW�,QWHUIDFH�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ

5;'�� WWO�LQ
FVU
,&7

5HFHLYH�'DWD�
7KH�UHFHLYHU�XVHV�WKLV�SLQ�WR�VKLIW�VHULDO�GDWD�RXW���'DWD�LV�WUDQVPLWWHG�OHDVW
VLJQLILFDQW�ELW�ILUVW�

7;'�� WWO�LR
FVU
,2&7�6

7UDQVPLW�GDWD�
7KH�WUDQVPLWWHU�XVHV�WKLV�SLQ�WR�VKLIW�VHULDO�GDWD�RXW���'DWD�LV�WUDQVPLWWHG�OHDVW
VLJQLILFDQW�ELW�ILUVW�

&76�� WWO�LQ
FVU
,&7

&OHDU�WR�6HQG�
7KLV�LQGLFDWHV�WKDW�WKH�PRGHP�RU�GDWD�VHW�LV�UHDG\�WR�H[FKDQJH�GDWD�ZLWK�8$57�

576�� WWO�LR
FVU
,2&7�6

5HTXHVW�7R�6HQG�
7KLV�LQGLFDWHV�WR�WKH�PRGHP�RU�GDWD�VHW�WKDW�WKH�8$57�LV�UHDG\�WR�H[FKDQJH�GDWD�

'&'�� WWO�LQ
FVU
,&7

'DWD�&DUULHU�'HWHFW�
7KLV�LQGLFDWHV�WKDW�PRGHP�RU�GDWD�VHW�LV�UHDG\�WR�HVWDEOLVK�WKH�FRPPXQLFDWLRQV�OLQN
ZLWK�WKH�8$57�
0XOWLSOH[HG�ZLWK���5;'���DQG�,U5;

5,�� WWO�LR
FVU
,2&7�6

5LQJ�,QGLFDWRU�
7KLV�LQGLFDWHV�WKDW�WKH�PRGHP�RU�GDWD�VHW�KDV�GHWHFWHG�D�WHOHSKRQH�ULQJLQJ�VLJQDO�
7KLV�LV�DQ�LQSXW�RQO\�VLJQDO�ZKHQ�WKH�SLQ�LV�FRQILJXUHG�LQ�WKLV�PRGH�
0XOWLSOH[HG�ZLWK���7;'���DQG�,U7;

'65�� WWO�LQ
FVU
,&7

'DWD�6HW�5HDG\�
7KLV�QGLFDWHV�WKDW�WKH�PRGHP�RU�GDWD�VHW�LV�UHDG\�WR�HVWDEOLVK�WKH�FRPPXQLFDWLRQV
OLQN�ZLWK�WKH�8$57�
0XOWLSOH[HG�ZLWK��&76��

'75�� WWO�LQ
FVU
,&7

'DWD�7HUPLQDO�5HDG\�
7KLV�LQGLFDWHV�WR�WKH�PRGHP�RU�GDWD�VHW�WKDW�WKH�8$57�FKDQQHO�LV�UHDG\�WR
HVWDEOLVK�D�FRPPXQLFDWLRQV�OLQN�
0XOWLSOH[HG�ZLWK��576��

5;'�� WWO�LQ
FVU
,&7

5HFHLYH�'DWD�
7KH�UHFHLYHU�XVHV�WKLV�SLQ�WR�VKLIW�VHULDO�GDWD�RXW���'DWD�LV�WUDQVPLWWHG�OHDVW
VLJQLILFDQW�ELW�ILUVW�
0XOWLSOH[HG�ZLWK��'&'���DQG�,U5;

,U7; WWO�LR
FVU
,2&7�6

7UDQVPLW�GDWD�
7KLV�SLQ�WUDQVPLWV�WKH�LQIUDUHG�PRGXODWHG�YHUVLRQ�RI�D�VHULDO�ELW�VWUHDP���7KH
5���(;�PRGXODWHV�WKH�VHULDO�RXWSXW�FRQQHFWLRQ�RI�WKH�LQWHUQDO���&����DQG�RXWSXWV
WKLV�WR�WKH�SLQ���'DWD�LV�WUDQVPLWWHG�OHDVW�VLJQLILFDQW�ELW�ILUVW�
0XOWLSOH[HG�ZLWK��5,���DQG�7;'��

&76�� WWO�LQ
FVU
,&7

&OHDU�WR�6HQG�
7KLV�LQGLFDWHV�WKDW�WKH�PRGHP�RU�GDWD�VHW�LV�UHDG\�WR�H[FKDQJH�GDWD�ZLWK�8$57�
0XOWLSOH[HG�ZLWK��'65��

576�� WWO�LR
FVU
,2&7�6

5HTXHVW�7R�6HQG�
7KLV�LQGLFDWHV�WR�WKH�PRGHP�RU�GDWD�VHW�WKDW�WKH�8$57�LV�UHDG\�WR�H[FKDQJH�GDWD�
0XOWLSOH[HG�ZLWK��'75��
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&20&/. FPRV�WWO�LQ
,&7

&RPPXQLFDWLRQV�&ORFN�
,I�VHOHFWHG�DV�WKH�8$57�FORFN�VRXUFH��WKLV�LQSXW�VKRXOG�EH�GULYHQ�ZLWK�WKH�GHVLUHG
IUHTXHQF\��XVXDOO\�������0+]�IRU�3&��FRPSDWLELOLW\��
0XOWLSOH[HG�ZLWK��,54��
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7DEOH��������0LVFHOODQHRXV�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ

&(B%,26� RXW
FVU
,2&�6

%,26�&KLS�(QDEOH�
7KLV�RXWSXW�LV�WKH�FKLS�VHOHFW�IRU�WKH�V\VWHP�%,26���7\SLFDOO\��LW�LV�FRQQHFWHG�WR�WKH
&(��LQSXW�RI�WKH�%,26�FKLS���7KH�%,26�UHVLGHV�RQ�WKH�,6$EXV�DQG�FDQ�EH
´VKDGRZHGµ�LQWR�'5$0���7KH�5���(;�PD\�EH�FRQILJXUHG�IRU�WKH�UDQJH�RI
DGGUHVVHV�IRU�ZKLFK�LW�ZLOO�DVVHUW�&(B%,26��

1$1'287�
26&2))�

RXW
FVU
2�6

1$1'�&KDLQ�2XW�
,I�7(67��DQG�57&B36�SLQV�DUH�ERWK�ORZ��WKLV�SLQ�LV�WKH�RXWSXW�RI�WKH�1$1'�FKDLQ
WKDW�FRQQHFWV�DOO�RWKHU�SDFNDJH�SLQV��H[FHSW�IRU�SRZHU�SLQV��JURXQG�SLQV��WKH
7(67��SLQ��DQG�WKH�57&�SLQV�WKDW�DUH�SRZHUHG�E\�57&B9&&�
,I�HLWKHU�7(67��RU�57&B36�LV�KLJK��QRUPDO�V\VWHP�PRGH���WKLV�SLQ�EHFRPHV�DQ
RXWSXW�WKDW��ZKHQ�DVVHUWHG��LQGLFDWHV�WKDW�WKH�5���(;�KDV�HQWHUHG�D�ORZ�SRZHU
VWDQGE\�PRGH���,Q�WKLV�PRGH��WKLV�SLQ�PD\�EH�XVHG�WR�SRZHUGRZQ�WKH�V\VWHP·V
FORFNV��H[FHSW�WKH�57&�FORFN����7KLV�DOORZV�WKH�V\VWHP�WR�JHW�WR�D�YHU\�ORZ�SRZHU
VWDWH�

7(67� FPRV�LQ
ZHDN�SXOO�XS
,&�38

7HVW�PRGH�
:KHQ�DVVHUWHG��WKLV�LQSXW�SODFHV�WKH�5���(;�LQWR�D�WHVW�PRGH���,I�57&36�LV�KHOG
ORZ�ZKLOH�7(67��LV�DVVHUWHG��KHOG�ORZ���$OO�RXWSXW�DQG�L�R�SLQV�DUH�WUL�VWDWHG��DQG
WKH�LQWHUQDO�1$1'�FKDLQ�LV�HQDEOHG�FRQQHFWLQJ�DOO�SLQV�H[FHSW�SRZHU�DQG�JURXQG�
7KLV�DOORZV�$7(�WHVWLQJ�RI�WKH�5���(;���,I�57&36�LV�KHOG�KLJK�ZKLOH�7(67��LV
DVVHUWHG��RWKHU�WHVW�PRGHV�DUH�LQYRNHG���7KH�RXWSXW�RI�WKH�1$1'�FKDLQ�LV
1$1'287�

63.5B287 RXW
FVU
,2&�6

6SHDNHU�2XW�
7KLV�RXWSXW�LV�ELW���RI�WKH�5���(;�3RUW%�UHJLVWHU�$1'HG�ZLWK�WKH�705287��LQSXW
IURP������WLPHU�����7KH�$1'�LV�DQ�HQDEOH�IXQFWLRQ�GHILQHG�E\�WKH�$7�DUFKLWHFWXUH�

60,,13� WWO�LQ
,&7

60,,13��
:KHQ�DVVHUWHG��WKLV�SLQ�HLWKHU�FDXVHV�WKH�5���(;�WR�DVVHUW�DQ�60,�LQWHUUXSW��RU�LW
UHVHWV�WKH�60,�DFWLYLW\�WLPHU�WR�LWV�VWDUWLQJ�YDOXH���7KH�H[DFW�IXQFWLRQ�LV�GHILQHG�E\�D
ELW�LQ�WKH�60,�FRQWURO�UHJLVWHU���:KHQ�FRQILJXUHG�WR�DVVHUW�WKH�60,��SLQ��DQ\
DVVHUWLRQ�SXOVH�JUHDWHU�WKDQ���QV�ZLOO�EH�DV\QFKURQRXVO\�ODWFKHG�LQWHUQDOO\���60,�
KDQGOLQJ�VRIWZDUH�PXVW�FOHDU�ERWK�WKH�H[WHUQDO�60,,13����OHYHO�VHQVLWLYH��VRXUFH
DQG�WKH�VWDWXV�ELW�DVVRFLDWHG�ZLWK�WKH�60,,13��WR�SUHYHQW�UH�HQWHULQJ�WKH�60,
KDQGOHU�
0XOWLSOH[HG�ZLWK��,54��DQG�10,

,'(B5'� RXW
FVU
,2&7�6

,'(�,�2�5HDG�6WUREH�
:KHQ�QRW�XVLQJ�,'(�3,2�PRGH������WKLV�RXWSXW�LV�LGHQWLFDO�WR�WKH�,25��RXWSXW�IRU
DFFHVVHV�WKDW�IDOO�LQWR�,'(�DGGUHVV�GRPDLQ���,W�LV�QHYHU�DVVHUWHG�IRU�DFFHVVHV
RXWVLGH�RI�WKH�,'(�DGGUHVV�UDQJH���,Q�,'(�3,2�PRGH����WKLV�RXWSXW�VZLWFKHV�PXFK
PRUH�TXLFNO\�WKDQ�LW�ZRXOG�IRU�D�VWDQGDUG�,6$�,�2�UHDG�F\FOH��WKXV��WKH��,25��SLQ
VWD\V�GLVDEOHG�IRU�3,2�PRGH���DFFHVVHV���7KLV�DOORZV�PXFK�IDVWHU�WUDQVIHU�UDWHV
EHWZHHQ�WKH�,'(�GHYLFH�WKDQ�ZRXOG�RWKHUZLVH�EH�SRVVLEOH�
7KLV�SLQ�FDQ�EH�WLHG�GLUHFWO\�WR�WKH�GLUHFWLRQ�SLQ�RI�D�¶����W\SH�RI�GDWD�EXIIHU�WR
FRQWURO�D�EXIIHUHG�GDWD�SDWK�WR�DQ�,'(�(,'(�GULYH�
0XOWLSOH[HG�ZLWK��'3�

,'(B:5� RXW
FVU
,2&7�6

,'(�,�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�
0XOWLSOH[HG�ZLWK��'3�
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7DEOH��������0LVFHOODQHRXV�6LJQDOV

6LJQDO 7\SH 'HVFULSWLRQ

&6B865>���@� RXW
FVU
,2&�6

8VHU�3URJUDPPDEOH�&KLS�6HOHFWV�
7KHVH�RXWSXWV�DUH�SURJUDPPDEOH�FKLS�VHOHFWV�IRU�PHPRU\�RU�,�2�GHYLFHV���(DFK
RXWSXW�LV�DVVHUWHG�EDVHG�RQ�D�GHFRGH�RI�D�YDULDEOH�VL]H�PHPRU\�RU�,�2�DGGUHVV�
$OO�FKLS�VHOHFWV�DUH�LQLWLDOL]HG�WR����FKLS�VHOHFW�GLVDEOHG��
:KHQ�,�2�GHFRGH�PRGH�LV�VHOHFWHG��HDFK�GHFRGH��RSWLRQDOO\��PD\�EH�TXDOLILHG�E\
EHLQJ�$1'HG�ZLWK�,25��RU�,2:��RU�ERWK���,Q�DGGLWLRQ��HDFK�GHFRGH�PD\�DOVR
RSWLRQDOO\�DVVHUW�,2&6�����7KLV�DVVHUWLRQ�RI�,2&6����LV�RQO\�LQWHUQDO��DQG�LV�QRW
GULYHQ�RXW�RQ�WKH�,2&6����SLQ���7KLV�DOORZV�HLWKHU���ELW�RU����ELW�,�2�GHYLFHV�WR�EH
VHOHFWHG���$OVR��&6B865�Q����PD\�EH�25·HG�LQWR�&6B865�Q����)LQDOO\�
&6B865����DOWKRXJK�QRW�DYDLODEOH�DV�D�SLQ��FDQ�EH�LQWHUQDOO\�FRQQHFWHG�DV�DQ
LQSXW�WKDW�UHVWDUWV�WKH�LQWHUQDO�60,�DFWLYLW\�WLPHU�
0XOWLSOH[HG�ZLWK�

&6B865���LV�PXOWLSOH[HG�ZLWK�02B&/.�DQG�57&B'6
&6B865���LV�PXOWLSOH[HG�ZLWK��5()5(6+�
&6B865���LV�PXOWLSOH[HG�ZLWK�,54��DQG�'3�
&6B865���LV�PXOWLSOH[HG�ZLWK�,54��DQG�'3�

57&B$6 FPRV�LR
FVU
RSHQ�GUDLQ
VFKPLWW
,&6�6

5HDO�7LPH�&ORFN�$GGUHVV�6WUREH�

7KLV�VLJQDO�LV�XVHG�WR�ODWFK�WKH�DGGUHVV�IRU�DQ�H[WHUQDO�5HDO��7LPH�&ORFN��7KLV
VLJQDO�LV�DVVHUWHG�GXULQJ�,�2�E\WH�ZULWHV�WR�DGGUHVV��[���
0XOWLSOH[HG�ZLWK��02B'$7$�DQG�&6B.%�

57&B'6 FPRV�LR
FVU
RSHQ�GUDLQ
VFKPLWW
,&6�6

5HDO�7LPH�&ORFN�'DWD�6WUREH�
7KLV�VLJQDO�LV�XVHG�WR�ODWFK�WKH�GDWD�IRU�DQ�H[WHUQDO�5HDO�7LPH�&ORFN���7KLV�VLJQDO�LV
DVVHUWHG�GXULQJ�,�2�E\WH�UHDG�ZULWHV�WR�DGGUHVV��[���
0XOWLSOH[HG�ZLWK��02B&/.�DQG�&6B865��

&/.6��
&/.6�

RXW
FVU
,2&7�6

8VHU�3URJUDPPDEOH�&KLS�6HOHFWV�
7KHVH�SLQV�DUH�FRQILJXUHG�DV�FORFN�RXWSXWV�ZKHQHYHU�WKH�5���(;�LV�FRQILJXUHG�WR
VXSSRUW�(,'(��'5$0�SDULW\��RU�WKH�IXOO�FRPSOHPHQW�RI�'0$�VXSSRUW�WKURXJK�WKH
XVH�RI�H[WHUQDO�PXOWLSOH[HUV���&/.6��VKRXOG�EH�FRQQHFWHG�WR�WKH�PXOWLSOH[HU·V�PRVW
VLJQLILFDQW�VHOHFW�OLQH��DQG�&/.6��VKRXOG�EH�FRQQHFWHG�WR�WKH�PXOWLSOH[HU·V�OHDVW
VLJQLILFDQW�VHOHFW�OLQH�
0XOWLSOH[HG�ZLWK�

&/.6��LV�PXOWLSOH[HG�ZLWK��,54�
&/.6��LV�PXOWLSOH[HG�ZLWK�,54�



27

The R400EX is highly configurable. While PWRGOOD is negated, the MA pins are configuration inputs that select
various operating modes.  By reading the Power-Up Options register, software can also determine how the board is
configured at Power-Up.  Once operating, additional modes are selected through the use of miscellaneous
configuration register bits.

None of the MA pins have internal pull-up or pull-down resistors. Therefore, external configuration resistors are
required for all pins. When the R400EX is in low-power standby, it re-drives all the pins with the values latched at
the assertion of PWRGOOD. This reduces standby power consumption by eliminating DC current through the
resistors.  Table 3.1 describes the Power-Up configuration options.

7DEOH�������3RZHU�8S�&RQILJXUDWLRQ�2SWLRQV

6LJQDO 6WDWH 'HVFULSWLRQ

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�UHDO�WLPH�FORFN�PHJDFHOO��WKLV�ELW�LV�DOVR�ZULWWHQ�LQWR�ELW����(;57&�ELW��RI�WKH
�XWSXW�UHJLVWHU�DW�SRZHU�XS�
(QDEOHG�
'LVDEOHG��PRXVH�SLQV�DUH�HQDEOHG�ZKHQ�WKH�LQWHUQDO�NH\ERDUG�PRXVH�FRQWUROOHU�LV
HQDEOHG��&6B.%���DQG�&6B865���DUH��HQDEOHG�WR��WKH�57&B$6�02B'$7$�DQG
WKH�57&B'6�02B&/.�SLQV��UHVSHFWLYHO\��ZKHQ�WKH�LQWHUQDO�NH\ERDUG�LV�DOVR
GLVDEOHG�

0$� �
�

,QWHUQDO�NH\ERDUG�DQG�PRXVH�FRQWUROOHU�PHJDFHOO�
(QDEOHG�
'LVDEOHG�

0$� �
�

6HOHFW�EHWZHHQ���ELW�RU����ELW�%,26�RQ�WKH�,6$EXV
��ELW�%,26�LV�RQ�WKH�,6$EXV�
���ELW�%,26�LV�RQ�WKH�,6$EXV�

0$� �

�

6HOHFW�EHWZHHQ�IXOO��RU�WZR�FKDQQHO�'0$�VXSSRUW�
7ZR�FKDQQHO�'0$�VXSSRUW�RQO\��WKH�IRXU�'0$�SLQV�DUH�FRQILJXUHG�DV�'54$�
'54%��'$&.$���DQG�'$&.%��
6HYHQ�FKDQQHO�VXSSRUW��WKH�IRXU�'0$�SLQV�DUH�FRQILJXUHG�DV�08;'54�
'$.(1&������7KLV�DOVR�GLVDEOHV�WKH�,54��DQG�,54��SLQV�DQG�HQDEOHV�&/.6��DQG
&/.6��

0$� �

�

6HOHFW�EHWZHHQ�(,'(�'5$0�SDULW\�RU�GHPXOWLSOH[HG�,54�VXSSRUW�
'HPXOWLSOH[HG�,54�VXSSRUW��,54��DQG�,54���XQOHVV�0$��LV�VHW��DQG�,54�����������
����DQG����DUH�GLUHFWO\�FRQQHFWHG�WR�WKH�5���(;�
(,'(�'5$0�SDULW\�VXSSRUW��WKH�08;,54��&/.6���%&/.��DQG�&/.6��SLQV�DUH
XVHG�WR�LQSXW�DOO�,54�LQSXWV�WKURXJK�WKH�XVH�RI�WKH�H[WHUQDO�PXOWLSOH[HU���7KH�,54��
�������������DQG����SLQV�DUH�UHGHILQHG�WR�SHUIRUP�HLWKHU�(,'(�RU�'5$0�SDULW\
VXSSRUW�

0$� �
�

6HOHFW�EHWZHHQ�(,'(�RU�'5$0�SDULW\�IXQFWLRQV��7KLV�ELW�LV�LJQRUHG�LI�0$� ��
(,'(�VXSSRUW�
'5$0�SDULW\�VXSSRUW�

III. Power-Up Configuration Options



Power-Up Configuration Options

28 R400EX Intel486 System Controller

7DEOH�������3RZHU�8S�&RQILJXUDWLRQ�2SWLRQV

6LJQDO 6WDWH 'HVFULSWLRQ

0$� �
�

6HOHFW�EHWZHHQ�5()5(6+��DQG�&6B865���SLQ�IXQFWLRQV�
5()5(6+��
&6B865���

0$�
�
�

&20�SRUW�SLQ�SDUWLWLRQLQJ�
(QDEOH�&20��WR�DOO���SLQV�
(QDEOH���SLQ�&20��DQG���SLQ�&20��SRUWV��7KLV�VHWWLQJ�VKRXOG�DOVR�EH�XVHG�IRU
����SLQ�&20��&20��SLQ�SDUWLWLRQLQJ�DQG�WKH���SLQ�&20��DQG���SLQ�,U'$�
FRPSDWLEOH�&20��SDUWLWLRQLQJ���+RZHYHU��WKH�&20&/.�FRQWURO�UHJLVWHU�PXVW�EH
XSGDWHG�DIWHU�3RZHU�8S�DQG�EHIRUH�XVLQJ�WKH�&20�SRUW�SLQV�ZKHQ�WKH�ODWWHU�WZR
SLQ�SDUWLWLRQLQJ�RSWLRQV�DUH�QHHGHG�

0$� �
�

(QDEOH�&20&/.�
,54���LQSXW�HQDEOHG�
&20&/.�LQSXW�LV�HQDEOHG�

0$���
0$��

7KHVH�FDQ�EH�XVHU�GHILQDEOH�ELWV��KRZHYHU��PDQ\�WLPHV�D�%,26�ZLOO�LQWHUSUHW�0$��
VHW�DV�D�IRUFH�%,26�XSGDWH�IXQFWLRQ��DQG�0$���VHW�DV�D�FRQGLWLRQ�WR�FDXVH�D
PDQXIDFWXULQJ�ORRS�WHVW�WR�EH�H[HFXWHG���7KHVH�ELWV�DUH�VDPSOHG�ZLWK�UHVHW�DQG�DUH
DYDLODEOH�IRU�VRIWZDUH�WR�UHDG�IURP�WKH�3RZHU�8S�RSWLRQ�UHJLVWHU�
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There are two types of internal registers in the R400EX:

��� 3&�&RPSDWLEOH�5HJLVWHUV�  These registers are defined by the PC architecture and are addressable at standard I/O
addresses.  This includes the RTC registers,  the keyboard controller registers, PortA and the PortB registers, the
8259 registers, the 8254 registers, the 8237 registers, and the 74LS612 DMA page registers.

Table 4.1 lists all of the fixed I/O addresses that are decoded internally by the R400EX.  (For more information
on the 8259A, 8237A, and 8254 megafunctions, refer to their respective Data Guides.)

��� 5���(;�6SHFLILF�5HJLVWHUV�  These registers are referenced with an index and data register. There are two sets of
these registers. The first set configures the internal 82C206 and the second set configures the remainder of the
R400EX.  All defined registers (PortB, 0x60, 0x64, 0x70, 0x71, 0x92,) and I/O chip-select decodes (IDE
strobes, KB_CS, etc.) use full 16-bit  I/O address decoding to prevent aliasing.

For descriptions of the R400EX’s registers, refer to the following pages.

7DEOH�������)L[HG�,�2�$GGUHVVHV�'HFRGHG�,QWHUQDOO\�E\�WKH�5���(;

,�2�DGGUHVV��KH[� 5HJLVWHU�V�

������) '0$�FRQWUROOHU���������$

������� 0DVWHU�����$

������� ,QWHUQDO���&����FRQILJXUDWLRQ�UHJLVWHU��LQGH[�DQG�GDWD

������� 5���(;�LQGH[�UHJLVWHU

������� 5���(;�GDWD�UHJLVWHU

������� ����$�WLPHU�FRXQWHU

������� .H\ERDUG�FRQWUROOHU�GDWD�DQG�FRQWURO�UHJLVWHUV

��� 3RUW%

������� �������57&���10,�PDVN

������) ��/6����VW\OH�'0$�SDJH�UHJLVWHUV

��� 3RUW$

�$���$� 6ODYH�����$

�&���') '0$�FRQWUROOHU���������$

�)� &OHDU�PDWK�FR�SURFHVVRU�EXV\

�)� 5HVHW�PDWFK�FR�SURFHVVRU

�)���)) &20��UHJLVWHUV

�)���)) &20��UHJLVWHUV

IV. Register Descriptions
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��&����,1'(;�'$7$�5(*,67(5
The internal 82C206 has only one configuration register that resides at an index value of 0x01.

Any value, other than a 0x01, written to the 82C206 index register disable reads and writes to the single 82C206
Configuration Data register that is accessed through I/O address 0x23.

The Index value at port 0x22 is write-only.  Also, a write to 0x23 will disable subsequent accesses (read or write) to
the 82C206 Configuration Data register.  To re-enable access to the 82C206 Configuration Data register, the Index
register at 0x22 must again be written to a value of 0x01.

� � � � � � � � $GU

,QGH[ ���

'DWD ���

)LJXUH���������&����,QGH[�'DWD�5HJLVWHU

��&����&21),*85$7,21�'$7$�5(*,67(5
The IOWS, DMA16WS, and DMA8WS bits control the number of wait states inserted during the respective
operation. The IOWS bits control the number of BCLK wait states that are inserted for I/O accesses to the 82C206
peripherals (8259,8237,8254).

� � � � � � � � ,G[

,2:6 '0$��:6 '0$�:6 (0(05 '0$&/. ��

)LJXUH���������&����&RQILJXUDWLRQ�'DWD�5HJLVWHU

The DMA16WS bits control the number of DMACLK wait states that are inserted for 16-bit DMA channel
(DRQ5-7) operations. DMA8WS bits control the number DMACLK wait states that are inserted for 8-bit DMA
channel operations. Table 4.2 lists the wait-state encodings.

7DEOH�������:DLW�6WDWH�(QFRGLQJV

:DLW�VWDWH�HQFRGLQJ �1XPEHU�RI�ZDLW�VWDWHV�LQVHUWHG

�� ��ZDLW�VWDWH

�� ��ZDLW�VWDWHV

�� ��ZDLW�VWDWHV

�� ��ZDLW�VWDWHV

EMEMR, when set, causes the assertion of  MEMR# to occur one DMA clock earlier than standard PC/AT timing.
When clear, the assertion of the MEMR# signal  follows the timing in the original PC/AT.

DMACLK, when set, will cause BCLK to be sourced to the internal DMA controllers (8237s). When clear, BCLK/2
is sourced to the internal DMA controller.

5���(;�,1'(;�'$7$�5(*,67(5
These registers form an index/data register pair for accessing R400EX registers.  Only the lower six bits of the index
register are implemented.  Accesses to address 026 return or modify the register that is selected indirectly by the 6-
bit address register’s content.  Attempting to write to a single byte of the data register (writing a single byte only
026h or 027h) will result in both bytes of the selected register being written.

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

,QGH[ ���

'DWD ���

)LJXUH�������5���(;�,QGH[�'DWD�5HJLVWHU
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.(<%2$5'�'$7$�5(*,67(5

� � � � � � � � $GU

.H\ERDUG�GDWD ���

)LJXUH�������.H\ERDUG�'DWD�5HJLVWHU

.(<%2$5'�67$786�&200$1'�5(*,67(5

� � � � � � � � $GU

.H\ERDUG�VWDWXV�FRPPDQG ���

)LJXUH�������.H\ERDUG�6WDWXV�&RPPDQG�5HJLVWHU

3257�%�5(*,67(5
The Port B register supports NMI generation,  timer/counter2, and speaker control.

� � � � � � � � $GU

3DULW\
&KHFN

� 7LPHU
&RXQWHU��
287
6WDWXV

5HIUHVK
7RJJOH

5$0 (QDEOH
'5$0
3DULW\
&KHFN

6SHDNHU
'DWD
(QDEOH

7LPHU
&RXQWHU��
*$7(
(QDEOH

���

)LJXUH�������3RUW�%�5HJLVWHU

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

• Speaker Data Enable, is ANDed with the Counter 2 OUT signal to drive the SPKR output signal.

• Bits 2 enable the parity feature when set to 0.  When enabled, parity errors can cause an NMI to be generated.

• Bit 7 of port 0x70 must also be set to allow NMI to be signaled.  When bit 2 is written to a 1, bit 7 is cleared.

• Refresh toggle is a bit that toggles every time a DRAM 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 PC architecture, they reflect IOCHCK and parity errors respectively.  Bit 7 is
set by a parity error.  To clear bit 7, the parity enable bit (bit 2) must be set to one.

57&�5(*,67(56
These registers are for an index/data register pair for accessing the RTC and CMOS RAM.

Bit 7 of register 70 is the DISNMI bit.  When clear , this bit enables the NMI function. This bit is preset to a 1,
disabling the NMI function at power-up.

The register at 0x070 is a write-only register.

� � � � � � � � $GU

',610, 57&�LQGH[ ���

57&�GDWD ���

)LJXUH�������57&�5HJLVWHUV
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3257�$��3257�����5(*,67(5
This register is PS/2 compatible.

When SRESET is set, the SRESET pin is asserted on the R400EX for a minimum of 16 CLKIN cycles.  The A20M
register bit is “AND’ed” with the CPU’s A20 bit to supply the system’s A20 address bit.

� � � � � � � � $GU

5HVHUYHG $��0 65(6(7 ���

)LJXUH�������3RUW�$��3RUW�����5HJLVWHU

,'(17,),&$7,21�5(*,67(5
The upper 12 bits of the ID register form a read-only constant that identifies the part and its revision number.

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

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

)LJXUH�������,GHQWLILFDWLRQ�5HJLVWHU

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 a hardware reset.

32:(5�83�237,21�5(*,67(5
This read-only register latches the state of the strappable options.

�� 10 9 8 7 6 5 4 3 2 1 0 Idx

�0$>����@��ODWFKHG�ZKLOH�3:5*22'�LV�GH�DVVHUWHG� 01

)LJXUH��������3RZHU�8S�2SWLRQ�5HJLVWHU

Bits 0-11 control the initial configuration of the R400EX (refer to Power-Up Configuration options).  When the
R400EX enters the low-power HALT state, it re-drives the contents of this register out to the MA[11:0] lines to
remove the static power consumption that the external pull-up or pull-down resistors would otherwise consume.

%,26�&21752/�5(*,67(5
This register is used to control access to the Flash boot device using the CE_BIOS# and WE_FLASH# pins. DRAM
shadowing of the CE_BIOS# regions take precedence over the generation of CE_BIOS# (the opposite of the
RadiSys R380EX).

�� �� �� ��Q �� �� � � ,G[

=:6 %,266,=( /)/6+:( %,26:( $33:( ��

� � � � � � � � ,G[
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)LJXUH��������%,26�&RQWURO�5HJLVWHU

The least significant 8 bits enable, when set, the address decode of each of the address regions  represented by the bit
into an overall CE_BIOS#.  APPWE, when set, allows WE_FLASH# to be asserted for all  CE_BIOS# address
regions except the top 128KB where the BIOS normally resides.

BIOSWE, when set, enables writes to the BIOS system code portion of the Flash device at both the top of memory
and just below 1MB (in conjunction with LFLSHWE).  This is the region in the upper 128KB of memory. This bit is
cleared on HW reset.

LFLSHWE, 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 write to the low BIOS region, and LFLSHWE and APPWE must both be
able to write the application Flash below 1MB.
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The BIOSSIZE, when set, enables the decode of the top 4MB (0XFFC0_0000-0xFFFF_FFFF) and causes CE_BIOS
to be asserted for this address range. If clear, only 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:  the ZWS bit, if set,
causes the ISAbus transaction to the BIOS to use fast ISAbus memory timing (as if the NOWS# pin had been
asserted).  Pin MA3 is sampled at Power-Up to determine whether BIOS accesses are sequenced to the ISAbus as 8-
bit or 16-bit transactions.

6+$'2:���5(*,67(5
This register contains two shadow control bits for each region shown in Figure 4.12.
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)LJXUH��������6KDGRZ���5HJLVWHU

The register is cleared to 0 by reset.  These bits take precedence over the BIOS control register bits.  That is, an ISA
cycle to the BIOS cannot take place unless the respective shadow region has been defined as read/write ISA (the
power-on default). The two bits control the routing of memory accesses for their respective regions and are encoded
as shown in Table 4.3.   This register is cleared on HW reset.

7DEOH�������(QFRGLQJ

(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�DFFHVV�LV�JHQHUDWHG��EXW�UHDG\�LV

UHWXUQHG�WR�WKH�&38�
�� 5HDG�ZULWH�'5$0

6+$'2:���5(*,67(5
The shadow control bits in this register are interpreted in the same manner as they are in Shadow register 1.
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)LJXUH��������6KDGRZ���5HJLVWHU

3$5,7<�$''5(66�+,*+�5(*,67(5
The Parity Address Low and Parity Address High registers are used to save the address of an access that caused a
parity error.  Under program control, these registers can only be read.

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

%(��%(� 60, $���$�� ��

)LJXUH�������3DULW\�$GGUHVV�+LJK�5HJLVWHU

The Address Parity High register is continuously updated while both the Save Parity Address (SPA) bit of the
DRAM control register is set and PortB (I/O address 0x61) bit 7 is clear (no parity error has occurred yet).  Once bit
7 of Port B is set, the register is no longer updated until Port B bit 7 is cleared again and the SPA bit is set.

When this register is in the continuous update mode, bits 15–12 store the current cycles byte enables (0 means that
the respective byte enable is asserted).  Bit 11 stores the SMIACT# pin (0 means that SMI is active) and bits 10–0
store the address lines A26-A16 respectively.



Register Descriptions

34 R400EX Intel486 System Controller

3$5,7<�$''5(66�/2:�5(*,67(5
Except for bit 0, the Parity Address Low register is continuously updated while both the SPA bit of the DRAM
control register is set, and the PortB (I/O address 0X61) bit 7 is clear (no parity error has occurred yet).

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

$���$� +/'$ 30 ��

)LJXUH�������3DULW\�$GGUHVV�/RZ�5HJLVWHU

Once bit 7 of Port B is set, the register is no longer updated until Port B bit 7 is cleared again and the SPA bit is set.
When this register is in the continuous update mode (waiting for a parity error to occur), bits 15–2 are updated with
the local bus’s A15–A2 address signals.  Bit 1 is updated with the HLDA signal (to allow a DMA address to be
differentiated from a CPU access).  Bit 0 is the Parity Missed (PM) bit.  This bit is set if a parity error occurs, but the
parity address is not stored in the Parity Address Low and High registers. This could happen if the SPA is clear or if
this register already contains an address of a previous parity error (bit 7 of Port B is clear).  The PM bit is cleared at
the same time that bit 7 of PortB is cleared.  This is done by setting bit 2 of PortB.

0,6&(//$1(286�3,1�&21),*85$7,21�5(*,67(5
This register may be used to redefine the pin functions that are established by reset.

When DIS_KB is set, the keyboard clock and data pins are disabled and these pins are treated as IRQ1 and IRQ12
inputs. The internal keyboard and mouse decodes are also disabled and instead, the I/O accesses to the keyboard
addresses send/receive data from the ISAbus.

When DIS_KB is set and EXRTC is clear, CS_USR0# is connected to an external pin instead of the
MO_CLK or RTC_DS.

� � � � � � � � ,G[

; ,'(0' ',63$5 (;57& &6865� ',6B.% &20&/. �$

; � � 0$� 0$� 0$� 0$� 0$� 5HVHW

)LJXUH�������0LVFHOODQHRXV�3LQ�&RQILJXUDWLRQ�5HJLVWHU

The CSUSR1 bit, when clear, causes the ISAbus REFRESH# function to be connected to an R400EX pin.
When set, CS_USR1# function is connected instead to the R400EX pin.

The EXTRTC bit, when set, causes IRQ8# (instead of RTCPS) to be connected to the external pins of the R400EX.
It also causes all RTC accesses  (I/O to 0x70 and 0x71) to be sourced to/from the ISAbus.

The DISPAR bit, when set, disables parity generation and detection.  It also enables the CS_USR2#, CS_USR3#,
IDEWR#, IDERD#, and SMIINP# functions on the shared pins of DP0-3 and NMI respectively.  When clear, parity
generation and detection are enabled and the shared pin functions become DP0-3 and SMIINP#.

The IDEMD bits define the EIDE modes supported by the R400EX as described in Table 4.5.

7DEOH������,'(0'�%LWV�DQG�)XQFWLRQV

,'(0' IXQFWLRQ

�� 3,2�PRGH��

�� 3,2�PRGH����YDOLG�RQO\�DW���0+]�RU�VORZHU�&/.,1�

�� 3,2�PRGH�����&/.,1� ���0+]��DOVR�ZRUNV�VXERSWLPDOO\�IRU�VORZHU�IUHTXHQFLHV�

�� 3,2�PRGH�����&/.,1�����0+]�

The IDEMD bit settings allow the R400EX to support EIDE drives (PIO mode 3 or 4) at a much higher transfer rate.
Not all  PIO mode 3 IDE drives will be able to support the minimum read/write cycle time of the R400EX (180ns at
33MHz CLKIN), but all PIO mode 4 IDE drives should be capable of supporting this cycle time.  In any case, the
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specific EIDE drive specifications must be checked for compatibility.  When this bit is clear, PIO mode 0 (the old
IDE timing) is supported.

60,�7,0(5�&21752/�5(*,67(5
Writes to this register set the clock prescaler value (PRE) and the 12-bit idle timer latch.  Writes to the idle timer
latch write through the latch into the counter, as well.   Reads at this address return the value in the counter, as well
as the value of the PRE bit.

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

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

)LJXUH��������60,�7LPHU�&RQWURO�5HJLVWHU

If PRE is set, a 16-Hertz clock is used to decrement the timer counter. When PRE is 0, a 1024-Hertz clock is used to
decrement the timer/counter.  Thus, the counter can be set in the range of 63 milliseconds to 256 seconds or from
about 1 milisecond to 4 seconds.

The timer/counter is reset to the latch value whenever the following events occur:

• The SMIINP# pin is asserted and configured for the ACTIVITY# function

• The internal programmable chip select is asserted and enabled

• The idle timer latch is written to by software

• The counter is at zero and the SMI has been acknowledged by the CPU (SMIACT is asserted)

When  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.  The timer/counter does not count down unless the
ENTIM bit is set in the SMI control/status register; however, writes to the SMI Timer control continue to update the
timer/counter independent of the ENTIM bit value.  Both the latch and the timer/counter are cleared on HW reset.
The prescaling counter (counts down) is also preset to all ones by a reset or a write to this register.

60,�&21752/�67$786�5(*,67(5
This register controls the sources of SMI, the global SMI enable and the SMM RAM Map enable.  It also contains
several read-only status bits.

�� �� �� �� �� �� � � � � � � � � � � ,G[
5(6(59(' +/76 569 7(;3 (;7� 60723 60$% (13&6 (160, 6:60, (1+/7 (17,0 ($&7 ((;7 �&

)LJXUH��������60,�&RQWURO�6WDWXV�5HJLVWHU

The EEXT bit enables an SMI event when the SMIINP# is asserted.  This bit is cleared on HW reset.

The EACT bit enables the SMIINP# to reset the SMI activity counter to its starting valued. This bit is cleared on
HW reset.  If both the EEXT and the EACT bits are set,  the SMIINP# will both reset the activity timer and cause
and the SMI event to be asserted.  ENTIM enables the SMI timer counting process and the SMI timing event when
the SMI timer reaches 0.  This bit is cleared on HW reset.

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

SWSMI is an SMI event bit triggered by software.  When set, an SMI event is signaled.  This bit is cleared on HW
reset.

ENSMI is the overall SMI event enable. This bit must be set to allow an SMI to be signaled to the CPU.  This bit is
cleared on HW reset.

The SMTOP and SMAB bits allow the SMI memory to be mapped to different regions of the DRAM when SMIACT
is asserted.  If  SMTOP is asserted,  the top 256KB of DRAM memory can be accessed only when the SMIACT# pin
is asserted.  If SMAB is asserted, then DRAM behind addresses 0xA0000-0xBFFFF will be accessed when
SMIACT# is asserted (overrides shadow register settings).  These bits are cleared on HW reset.

60,�VWDWXV�SRUWLRQ�  The TEXP and EXT bits are status bits to indicate which of the respective SMI sources caused the
SMI interrupt..  When an SMI is signaled to the CPU, the corresponding bit is set to indicate the source of the SMI
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event.  These bits are cleared on HW reset or can be cleared by writing a “0” to the corresponding bit.  Writing a “1”
into each of these bits allows the prewrite state of these bits to be maintained.

The SMI handler must clear the status bit(s) causing the SMI before exiting the SMI handler to prevent the SMI#
being signaled again when exiting the SMI handler.  The SMI handler should write a “1” to any status bit that it has
not yet handled.

3&6���&203$5(�$1'�0$6.
The OR bit, when set, 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 read/writeable and serves no other function.  For PCS0, the OR bit, when set, causes
CS_USR1 to be OR’ed into CS_USR0.

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

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

)LJXUH��������3&6���&RPSDUH�DQG�0DVN�5HJLVWHU

In an I/O decode mode, the IOR bit , when set, requires the ISAbus’s IOR to be asserted along with the appropriate
address to assert this chip select.  If the I/O peripheral is connected to the local bus (LDEV# asserted), this bit may
not be set.  If a memory decode mode is selected (see Table 4.6), this bit is matched against processor address A31.

In an I/O decode mode, the IOW bit , when set, requires the ISAbus’s IOW to be asserted along with the appropriate
address to assert this chip select. If both IOR AND IOW bits are set, the chip select is asserted whenever IOR or
IOW is asserted along with the appropriate address.  If neither bit is set, the chip select is asserted on the basis of the
address decode alone.  If the I/O peripheral is connected to the local bus (LDEV# asserted), neither of these bits can
be set.

If a memory decode mode is selected (see Table 4.6), this bit is matched against processor address bit A26.

The 10 bit compare and mask bits field is interpreted on the basis of the MODE bits as described in Table 4.6.

7DEOH�������&RPSDUH�DQG�0DVN�%LWV�)LHOG�,QWHUSUHWDWLRQ

0RGH 'HFRGH�IXQFWLRQ

��� 'LVDEOHV�WKH�FKLS�VHOHFW�

��� 'HFRGHV�D�VLQJOH�E\WH�,�2�DGGUHVV�XVLQJ�WKH�FRPSDUH�DQG�PDVN�ELWV�DV�$>���@�FRPSDULVRQ�ELWV�RQO\���$��²
$���PXVW�EH�ORZ���,�2�SHULSKHUDO�PXVW�QRW�EH�FRQQHFWHG�WR�WKH�ORFDO�EXV�

��� 'HFRGHV�D�SRZHU�RI���UHJLRQ�RI�,�2�DGGUHVV�VSDFH�XVLQJ�WKH�FRPSDUH�DQG�PDVN�ELWV�DV�GHVFULEHG�EHORZ�
$��²$���PXVW�EH�ORZ�

��� 'HFRGHV�D�SRZHU�RI���UHJLRQ�RI�,�2�DGGUHVV�VSDFH�XVLQJ�WKH�FRPSDUH�DQG�PDVN�ELWV�DV�GHVFULEHG�EHORZ�
$���PXVW�EH�KLJK���$��²$���PXVW�EH�ORZ�

��� 'HFRGHV�D�SRZHU�RI���UHJLRQ�RI�ORFDO�EXV�PHPRU\�UHJLRQ�XVLQJ�WKH�ORZHU����ELWV�DV�FRPSDUH�DQG�PDVN
ELWV���%LWV�,25�DQG�,2:�DUH�UH�GHILQHG�WR�PDWFK�$���DQG�$����UHVSHFWLYHO\��DQG�$>�����@�DUH�PDWFKHG�WR
WKH�UHPDLQLQJ�ELWV���2QO\�PHPRU\�DFFHVVHV�DUH�GHFRGHG��0�,2� ����

��� 'HFRGHV�D�VLQJOH���.%�ORFDO�EXV�PHPRU\�UHJLRQ�XVLQJ�WKH�ORZHU����ELWV�DV�FRPSDULVRQV�RQO\���2QO\
PHPRU\�DFFHVVHV�DUH�GHFRGHG��0�,2� ����

��� 7KLV�LV�WKH�VDPH�DV�WKH�����HQFRGLQJ��EXW�LQ�DGGLWLRQ��LW�DVVHUWV�,2&6���

��� 7KLV�LV�WKH�VDPH�DV�WKH�����HQFRGLQJ��EXW�LQ�DGGLWLRQ��LW�DVVHUWV�,2&6���

1RWH��7KH�VPDOOHVW�ORFDO�EXV�SHULSKHUDO��,�2�DGGUHVV�VSDFH�WKDW�FDQ�EH
GHFRGHG�FRUUHFWO\�LV�D����E\WH��QDWXUDOO\�DOLJQHG�UHJLRQ�

When the MODE bits are set to x1x or 100, the compare and mask bits are used as follows.  The least significant bit
of the compare and mask bits that is a “0” specifies the demarcation line that separates the compare bits from the
mask bits. The bits of lower significance (“1”) than the first 0, cause the corresponding address bit to be masked off.
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Only the compare and mask bits to the left of the first 0 are used to compare to the corresponding  processor address
bits to determine if the chip select is to be asserted.

For example, if the compare and mask field contains a ‘b01,1111,0011, and the MODE bits are set to x1z, the I/O
address range 0x1F0-0x1F7 causes the chip select to be asserted.  I/O addresses down to a byte granularity can be
decoded correctly for a peripheral that is connected to the ISAbus.

MODES 100 and 101 work in a fashion similar to MODES 010 and 001, respectively. However, only local bus
memory accesses are decoded and bits 9–0 of the register are used to match A25–A16.  In these MODES, bit 11
(IOR bit) is compared to A31 (never used in a mask fashion), and bit 10 (IOW bit) is compared to A26 (never used
in a mask fashion).

3&6���&203$5(�$1'�0$6.
This has 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�0DVN�ELWV �(

)LJXUH��������3&6���&RPSDUH�DQG�0DVN�5HJLVWHU

3&6���&203$5(�$1'�0$6.
This has 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�0DVN�%LWV �)

)LJXUH��������3&6���&RPSDUH�DQG�0DVN�5HJLVWHU

3&6���&203$5(�$1'�0$6.
This has 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.

The PCSx registers are all cleared on HW reset.

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

02'( 25 ,25 ,2: &RPSDUH�DQG�0DVN�%LWV ��

)LJXUH��������3&6���&RPSDUH�DQG�0DVN�5HJLVWHU

&/2&.�5(6(7�&21752/�5(*,67(5
All register bits except CDIV1are cleared by HW reset.  CDIV1 and CDIV0 specify the CLK2OSC- divide ratio that
is used to generate the CLKOUT pins as shown in Table 4.7.

� � � � � � � � � � ,G[

569' +/76 569' '(/� '(/� (1+/7 6',9� 6',9� &',9� &',9� ��

)LJXUH��������&ORFN�5HVHW�&RQWURO�5HJLVWHU

CDIV1 and CDIV0 are initially reset to 0.  If the R400EX detects a transition in CDIV, 0 encodings, when writing to
this register, it will issue STPCLK# and wait for a Stop Grant bus cycle before changing the frequency.  STPCLK#
will then continue to be asserted for 1 millisecond before being de-asserted.  This allows the CPU’s PLL to lock onto
the new frequency before resuming.



Register Descriptions

38 R400EX Intel486 System Controller

7DEOH�������&/.�26&�'LYLGH�5DWLR

&',9���&',9� &/.�287[�RXWSXW

�� &/.�26&�GLYLGHG�E\��

�� &/.�26&�GLYLGHG�E\��

�� &/.�26&�GLYLGHG�E\���

SDIV1 and SDIV0 specify the CLKIN divide ratio for the ISAbus BCLK pin (and CLKS2 and CLKS0 if needed)
according to Table 4.8.  When CLKOUTx output is connected to the CLKIN input on the R400EX, as
recommended, the BCLK and CLK2OUT dividers act in a series.  For example, if all four clock-divide bits are set to
0, a 66MHz CLK2OSC input are divided down to 33MHz to supply the CLKOUT pin.  The BCLK output is 11
MHz in this case.

7DEOH������&/.,1�'LYLGH�5DWLR

6',9���6',9� %&/.�RXWSXW &/.6���LI�QHHGHG� &/.6���LI�QHHGHG�

�� &/.,1�GLYLGHG�E\�� &/.,1�GLYLGHG�E\��� &/.,1�GLYLGHG�E\��

�� &/.,1�GLYLGHG�E\�� &/.,1�GLYLGHG�E\�� &/.,1�GLYLGHG�E\��

�� &/.,1�GLYLGHG�E\�� &/.,1�GLYLGHG�E\��� &/.,1�GLYLGHG�E\��

�� &/.,1�GLYLGHG�E\�� &/.,1�GLYLGHG�E\�� &/.,1�GLYLGHG�E\��

ENHLT, when set, enables glitchlessly switching the CLKOUT1 pin to a 32KHz (RTC_X1) frequency, and the
CLKOUT0 pin is completed, stopped, and driven low, allowing the system to conserve power while the CPU is in
the HALT state.  In addition, this bit enables generating an active low OSC_OFF signal  (shared with the
NAND_OUT pin)  that can be used to power down an external oscillator or PLL-clock synthesis chip to reduce
system power consumption further.

DEL1 and DEL0 allow a programmable clock reconnection delay to be observed when the main system oscillator
has been powered down  during a HALT.  This allows an oscillator or PLL-clock synthesis chip, that has been
powered-down by the OSC_OFF# signal, time to return to its rated output frequency before sourcing the clock back
out to the processor.  After this delay has been observed,  STPCLK# is be held asserted for an additional 1ms to
allow the CPU’s PLL to lock onto the clock before the processor returns to its normal state. The delay control
encodings are described in Table 4.9.

7DEOH�������'HOD\�&RQWURO�(QFRGLQJV

'(/��'(/� 'HOD\

�� 1R�GHOD\
�� ���PV
�� ��PV
�� ��PV

HLTS is a status bit that is set when a HALT instruction is executed by the CPU.  This bit can be cleared by writing
a “0” into it.  Writing a “1” into this bit retains the old value of HLTS.  This bit can be used by system software like
DOS, which uses a time-of-day interrupt to keep time.  If set, the interrupt routine copies the RTC data to the DOS
time of day, then resets the bit.  Otherwise, the time of day should be correct, and the routine updates the time of day
using the normal procedure.

'5$0�&21752/�5(*,67(5
The SPA bit, when set, allows the address of an access that causes a parity error to be stored in the Parity High and
Low registers.  When clear, which is the default, the Parity High and Low registers are protected from being updated.
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�� �� �� �� �� �� � � � � � � � � � � ,G[

63$ 73 &$&75/ %� %$1.%6,=( $� %$1.$6,=( ��

)LJXUH��������'5$0�&RQWURO�5HJLVWHU

The TP (Test Parity) bit, when set, causes the R400EX to generate odd parity on DMA accesses (for testing
purposes). When clear, which is the default, even parity is generated.

The CACTRL bits control whether the CPU’s L1 cache (through the use of the KEN# pin) is enabled for various
address regions as shown in Table 4.10.

7DEOH�������&DFKH�&RQWURO�%LWV

&DFKH�&RQWURO�ELWV )XQFWLRQ

�� 1RWKLQJ�FDFKHG���UHVHW�GHIDXOW�

�� &DFKH�DOO�'5$0�H[FHSW�$²)�SDJHV�DQG�PHPRU\�XVHG�IRU�600�

�� 6DPH�DV����H[FHSW�DOVR�FDFKH�5�:�'5$0�LQ�WKH�$²)�SDJHV�

The BANKBSIZE and BANKASIZE bits each use the 3-bit encoding in the Table 4.11 to determine their respective
bank sizes.

7DEOH��������(QFRGLQJ�IRU�%DQN�6L]HV

%DQN�VL]H�ELWV %DQN�VL]H �5RZ�DGGUHVV� �&ROXPQ�DGGUHVV

��� EDQN�LV�QRW�SUHVHQW� � �

��� EDQN�ILUVW�PRGXOH�LV����.�[������UHVHW�GHIDXOW� � �

��� EDQN�ILUVW�PRGXOH�LV����.�[���� �� �

��� EDQN�ILUVW�PRGXOH�LV�����.�[���� �� ��

��� EDQN�ILUVW�PRGXOH�LV�����.�[���� �� ��

��� EDQN�ILUVW�PRGXOH�LV�����.�[���� �����
 �����

��� EDQN�ILUVW�PRGXOH�LV�����.�[���� �� ��

��� EDQN�ILUVW�PRGXOH�LV������.�[���� �� ��

$OZD\V�VXSSRUWHG�����������6XSSRUWHG��SURYLGHG�QHLWKHU�WKH�%$1.$6,=(�RU�%$1.%6,=(�H[FHHGV�����.�[��������������7KLV�UHVWULFWLRQ

FRPHV�IURP�WKH�'5$0�DGGUHVV�PXOWLSOH[LQJ�VFKHPH�VKRZQ�LQ�7DEOH������

BANKASIZE defaults to the 001 encoding listed in Table 4.11 (256Kx32).  BANKBSIZE defaults to the 000
encoding (bank not present).  Except for the most significant bit of the row address, the row/column address
multiplexing is the same for all module/bank sizes as shown in Table 4.12.

7DEOH��������'5$0�$GGUHVV�0XOWLSOH[LQJ�6FKHPH

$GGUHVV�W\SH 6LJQDO�QDPH

'5$0�DGGU��ELWV 0$�� 0$�� 0$� 0$� 0$� 0$� 0$� 0$� 0$� 0$� 0$� 0$�

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

5RZ�DGGUHVV $����� $�� $�� $�� $�� $�� $�� $�� $�� $�� $�� $��

A24 is placed on MA11 when either bank of memory is set to a bank size of 0x11- (8192K x 32 or 16,384K x 32).
If both bank-size bits are set to 0x101 or a smaller size, then A23 is multiplexed as the row address onto bit MA11.
This allows DRAM banks to be built from DRAMs that use a 12/10 asymmetric addressing scheme (some 4096K by
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X DRAM chips use this addressing scheme); however, these DRAMs are not supported in either bank, if the other
bank contains 16,384K x 32 or 32,768 x 32 of DRAM (bank size is 0x11-).

The A2 and B2 bits determine if the second half of their respective banks are present (RASAS# and RASBS#). If
present, these banks must be the same size as the first module in the bank (the bank size bits also specify the size of
the second module, if present), and, the second module’s starting address immediately follows the ending address of
the first module in the bank.  If A2 is set, the R400EX asserts RASAS# for the appropriate address range.  The B2
also helps determine if the second module of bank B is present.

'5$0�7,0,1*�5(*,67(5
The DAF and DNAF bits control when LDEV# is sampled by the R400EX.  The DAF bit controls the LDEV#
sample point for the 0x000A0000-0x000FFFFF region of memory. The DNAF controls the sample point for all other
address regions.

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

569' 02'( '$) '1$) 5()7,0 5(), 5$6: &53 $65 5$+ :57 5'7,0 ��

)LJXUH�������'5$0�7LPLQJ�5HJLVWHU

When the DAF or DNAF bit is set, LDEV# is sampled by the R400EX in the second T2 state (default) for the
respective address region.  When clear, LDEV# is sampled in the first T2 of a 386 bus cycle.  Clearing the bits
allows DRAM cycles to start sooner, but at the expense of requiring any local bus peripheral to assert/de-assert
LDEV# very quickly in response to a new address/bus cycle on the 486 bus.

7DEOH�������02'(�)XQFWLRQ�&RGHV

02'( )XQFWLRQ

�� 5'<���QR�EXUVW�F\FOHV��QR�SDJH�PRGH��UHVHW�GHIDXOW

�� %5'<����EXUVW�F\FOHV��QR�SDJH�PRGH

�� 5'<���QR�EXUVW�F\FOHV��QR�SDJH�PRGH��VORZ�UHDGV�WR�DOORZ�('2�GHWHFW

�� %5'<���EXUVW�F\FOHV��SDJH�PRGH��QRUPDO�RSHUDWLRQ

7DEOH�������5()7,0�)XQFWLRQ�&RGHV

5()7,0 )XQFWLRQ

�� 5HIUHVK�GLVDEOHG

�� (YHU\�������XVHF��26&,1��������UHVHW�GHIDXOW

�� (YHU\�������XVHF��26&,1��������

�� 6SHFLDO�WHVW�PRGH

The REFI bit, when set, enables the ISAbus refresh function. When clear, which is the reset default, the ISAbus
refresh function is disabled.

The RASW bit, when set (default), sets the RAS precharge minimum time to 2.5 CLKs and the RAS active minimum
during refresh to 3.5 CLKs. When clear, the RAS precharge minimum time is set to 1.5 CLKs and the minimum RAS
active time during refresh is set to 2.5 CLKs.

The CRP bit, when set (default), sets the CAS to RAS precharge time to a 1 CLK minimum. When clear, the CAS to
RAS precharge time is 0.5 CLKs, minimum.

The ASR bit, when set (default), sets the address setup before the assertion of RAS to a minimum of 1 CLK. When
clear, the address setup to assertion of RAS is set to a 0.5 CLK minimum.
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The RAH bit, when set (default), sets the address hold after the assertion of RAS to be nominally 1 CLK.  When
clear, the address hold is nominally 0.5 CLK.

The WRT bit, when set, sets the DRAM burst-write timing to be X-3-3-3 (two wait states for the second through last
burst-write access).  When clear, the burst write timing becomes X-2-2-2.

The RDTIM bits define the DRAM type and the read burst timing (assuming page-mode, burst-ready is selected in
the MODE field) as shown in Table 4.15.  The timing for the first word of data is governed by other bits and by
whether the first word is a page miss or hit.  Subsequent words in a burst access are guaranteed to be a page hit when
the MODE bits are set to page-mode, burst ready.

7DEOH��������5'7,0�)XQFWLRQV

5'7,0 )XQFWLRQ

�� ('2��;������

�� ('2��;������

�� )30��;������

�� )30��;��������UHVHW�GHIDXOW

:$7&+'2*�7,0(5
Writes to this register set the clock prescaler value (PRE) and the 12-bit idle timer  latch.  Writes to the watchdog
timer latch write through latch into the counter also.  Reads at this address return the value in the counter as well as
the value of the PRE bit.

�� �� �� �� �� �� � � � � � � � � � � ,G[
35( 5HVHUYHG :DWFKGRJ�7LPHU�/DWFK��ZU���7LPHU�&RXQWHU��UG� ��

)LJXUH�������:DWFKGRJ�7LPHU

If PRE is set, a 16 Hz clock is used to decrement the timer counter. When PRE is 0, a 1024 Hz clock is used to
decrement the timer/counter.  Thus, the counter can be set in the range of about 63 ms and 256 seconds, or in a range
of about 1 ms to 4 seconds.

The timer/counter is reset to the latch value whenever the following
events occur:

• An ADS# occurs and bus mode is enabled (see Watchdog Control Register)

• The idle timer latch is written to by software

• The counter is at zero

When the timer/counter reaches zero, a hardware reset or IRQ10 can be signaled, depending upon the control bits in
watchdog control register. Both the latch and the timer/counter are cleared on HW reset.  The prescaling counter
(counts down) is preset to all ones by reset or by a write to this register.  The timer/counter does not count down
unless the ENIRQ10 or the ENRES bit is set (refer to the following Watchdog Control Register description).

:$7&+'2*�&21752/�5(*,67(5
The DISHLT signal, when set, stops the watchdog countdown process while the CPU is in HALT mode.  If this
signal is clear, HALT mode does not stop the watchdog timer countdown process.

� � � � � � � � ,G[

; ; ; ; (1,54�� (15(6 (1%86 ',6+/7 ��

)LJXUH��������:DWFKGRJ�&RQWURO�5HJLVWHU

When set, ENBUS causes the timer/counter to be reloaded from the watchdog timer latch whenever ADS# is
detected.  When clear, only software writes to the watchdog timer latch or the watchdog timer reaching zero cause
the watchdog timer to be reloaded with the watchdog timer latch contents.
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ENRES, when set, causes a hardware reset to be generated when the timer reaches zero.

ENIRQ10, when set, causes an IRQ10 to be signaled.  Once set, IRQ10 will continue to be signaled until the
Watchdog control register is read.

If both ENIRQ10 and ENRES bits are 0, the timer/counter does not count down.  These bits are all cleared to zero
by a Power-On reset.

'0$�(;7(16,21�5(*,67(5
The bits in this register are sourced onto the CPU’s address bus during a DMA.  These bits are all cleared by reset.

� � � � � � � � ,G[

$�� 5HVHUYHG $�� $�� $�� ��

)LJXUH��������'0$�([WHQVLRQ�5HJLVWHU

'0$�3,1�5(*,67(5
The bits in this register are used to define DRQA/DACKA# and DRQB/DACKB# pins’ connection to the internal
8237 DMA controller.

� � � � � � � � ,G[

569' '54%(1& '54$(1& ��

)LJXUH��������'0$�3LQ�5HJLVWHU

When external DMA multiplexing has been configured during reset, these register bits have no effect.  This register
is set by reset to connect DRQB/DACKB# to DRQ2/DACK2# and DRQA/DACKA# to DRQ1/DACK1# internally.

&20�&21752/�5(*,67(5
The CLKSRC bit, when set, configures the COMCLK (shared with IRQ10) to be sourced into the COM1 and COM2
UART’s clock inputs.

When the CLKSRC bit is clear, the COM clocks are sourced by the CLK2OSC divider circuit.  COM2 may be
disabled by configuring all of the pins to be COM1 pins. COM1 may also be disabled by setting DCOM1 to a “1.”
When DCOM1 is 0, the COM1 port is enabled.

� � � � � � � � � ,G[

&/.65& '&20� 3,1(1& &/.�26&�GLYLVRU ��

0$� � 0$� 0$� � � � � � 5HVHW

)LJXUH��������&20�&RQWURO�5HJLVWHU

The PINENC bits define how the eight physical R400EX pins get allocated between the two internal COM ports as
shown in Table 4.16.

7DEOH��������3LQ�$OORFDWLRQ�%HWZHHQ�,QWHUQDO�&20�3RUWV

3,1(1& )XQFWLRQ

�� &20��LV�FRQQHFWHG�WR�DOO���H[WHUQDO�&20�SRUW�SLQV��&20��LV�GLVDEOHG�

�� ��SLQV��5;'��7;'��&76��576��IRU�HDFK�&20�SRUW�DUH�FRQQHFWHG�WR�WKH�H[WHUQDO�SLQV

�� &20��LV�FRQILJXUHG�IRU�,U'$��,U5;��,U7;��DQG���SLQV��5;'��7;'��&76��576��'65��'75��RI
&20��DUH�FRQQHFWHG�H[WHUQDOO\�

�� 5;'�DQG�7;'�DUH�FRQQHFWHG�WR�&20��DQG�5;'��7;'��&76��576��'65��'75�DUH
FRQQHFWHG�H[WHUQDOO\�WR�&20�
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The CLK2OSC value in this register is used to by a loadable count down counter. When the counter reaches 1, it
toggles the internal COMCLK signal and reloads the counter from COMCLK divisor register.  Thus, COMCLK =
CLK2OSC/(divisor*2) when a value of 0 in this register produces invalid behavior.
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7DEOH������0D[LPXP�5DWLQJV

&RQGLWLRQ 0D[LPXQ�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\�

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

9
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,QSXW�KLJK�YROWDJH ��� 9

9
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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$ �

,
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9
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�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�
4. $SSOLHV�WR�LQSXWV�WKDW�KDYH�ZHDN�LQWHUQDO�SXOO�XSV�RU�SXOO�GRZQV�

V. Electrical Characteristics
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0(&+$1,&$/�63(&,),&$7,216
The R400EX is packaged in a 208-pin plastic quad flat pack.

7+(50$/�63(&,),&$7,216
The R400EX operates over the case temperature range of -40C to +85C.  The thermal characteristics of the package
are to be included in a future update of this document.

&DXWLRQ���7KH�FDVH�WHPSHUDWXUH�RI�WKH�SDFNDJH�VKRXOG�QHYHU
H[FHHG����° &�

*/2%$/�75,67$7(
Asserting the TEST 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 others are high, the NAND signal is high; otherwise it is low.  The
TEST input should be unasserted for normal operation.

1$1'�75((�25'(5
This will be included in a future update of this document.

VI. Mechanical & Thermal Specifications

VII. Testability
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Figure 1A: R400EX EDO DRAM Access Overview

Idle 3-1-1-1 Burst Read Write Page Hit Write Page Miss Read Page Hit Read Page Miss Idle
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M/IO#

BLAST#

BRDY#

MA[11:0]

ADDRESS

DATA

W/R#

WE#

RASxx#

CASx#

Note:
1.  RASxx# Asserted in previous non-burst read cycle
2.  DRAM Timing register set to fastest timing mode
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Figure 1B: R400EX FPM DRAM Access Overview

3-2-2-2 Burst Read Write Page
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Write Page Miss Read Page
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Note1
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ADS#

M/IO#

W/R#

BLAST#

BRDY#

MA[11:0]

ADDRESS

DATA

WE#

RASxx#

CASx#

Note
1.  RASxx# Asserted in previous non-burst read cycle
2.  DRAM Timing register set to fastest timing mode
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Figure 2A: R400EX 16 Bit ISA I/O Device Access Overview
   Word Write To And Read From Fast Device Word Write to Slow Drive

 

BCLK

ADS#

BLAST

BALE

RDY#

SA

SD

IOR#

IOW#

IOCS16#

IOCHRDY#

Note: High order SA/LA address lines are stable until the end of the ISA bus cycle
          The original IBM PC, XT and AT platforms did not support 16 bit ISA no-wait-state cycle
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Figure 2B: R400EX 8 Bit ISA I/O Device Access Overview
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Figure 3A: R400EX 16 Bit ISA Memory Device Access Overview

      Write to Normal Device Read from Normal Device Write to Fast Device  Read from Fast Device
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Figure 3B: R400EX 8 Bit ISA Memory Device Access Overview

      Byte Read From Normal Device Word  Write To Fast Device Byte Read From Fast Device
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Figure 4A: R400EX 16 Bit DMA Read To DRAM Write Access Overview
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Figure 4B: R400EX 16 Bit DMA Write To DRAM Read Access Overview
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Figure 5: R400EX Flash Device Access Overview

Writing To Flash Device Reading From Flash Device
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Figure 6 : R400EX Key Board and Mouse Controller Access Overview

       Keyboard Controller Sending Keyboard Controller Receiving Data
       Data to Keyboard From  The Keyboard

KB_CLK

KB_DATA

Mouse Sending  Data to the Controller

MO_CLK
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Figure 7 : R400EX System Management Interrupt Cycle Overview
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Figure 8A: R400EX I/O User Chip Select  Access Overview

I/O Write Cycle I/O Read Cycle
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Figure 8B: R400EX Memory User Chip Select  Access Overview
Memory Write Cycle Memory Read Cycle
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Figure 9 : R400EX AT Interrupt Acknowledge Cycle Overview

Interrupt Acknowledge Cycle 1 Interrupt Acknowledge Cycle 2
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Figure 10A : R400EX IDE Mode0 and Mode3 Access Overview
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Figure 10B : R400EX IDE Mode4(33Mhz) and Mode4(50Mhz) Access Overview
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Figure 11 : R400EX Local Bus Device Access Overview
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Figure 12: R400EX AC Timing Waveforms DRAM Signals Valid Delay Timing
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Figure 13: R400EX AC Timing Waveforms Input Setup and Hold Timing and ISA, IDE Valid Delay Timing
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Figure 14: R400EX AC Timing Waveforms Relative Signal Timing


