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Preface

This manual describes the NCR 286 Card (to be referred to as
pracessor board) and its interfaces. Both the power-fail recovery
(PFR) card and the non-power fail recovery (NPIFR) card descriptions
are included in this publication. The Card supports three processing
speeds, 6.0MIz, 8.0MIlz, and 10.0MIlz, and allows operation at two
speeds. The speed is user selectable and may be set to either 6.0MI1z
and 8.0MI1z or 6.0MIlz and 10.0MIz depending on the processor
board. The default speed is 6.0MHz for both boards. The higher
speed is determined by the frequency of the crystal oscillator. The 6/8
board has a 16.0M!1z crystal and the 6/10 board has a 20.0MHz crystal.
These boards utilize NCR's split board architeciure (SBA), in which
major system components are placed on different pluggable cards.

The information in this publication is for reference and is intended for
system integrators and anyone else who needs to understand the
design of the NCR 286 Cards.

This manual consists of eight chapters:

> The first chapter gives general information about the board
including its physical dimensions, clectrical, environmental, and
safety characteristics, and shipping considerations.

o The second chapter gives the functional description of the board’s
main components and describes its interfaces, system timing,
address maps, and connectors.

]

Chapter three contains information on switch settings, jumper
strappings, and adjustments.

o Chapter four describes level 0 diagnostics.



s Chapter live contains pin-outs for the main mponents on the
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e Chapler six contains board specifications information. Contents
¢ Chapter seven contdins logic diagrams. _
\
¢ Chapter eight contains the 80286 instruction set. ] 286 Card
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Chapter 1

General Information

INTRODUCTION

The processor board is an IBM-PC/AT-compatible single-board
computer card that uses split board architecture (SBA). The board,
designed for modnlarity and flexibility, is functionally PC/AT
compatible in terms of processor speed, input/output port assignments,
memory configuration, and expansion-bus interface,

The board is designed on the PC/AT peripheral card form factor using
state-of-the-art application-specific integrated circuits (ASIC), very
large-scale integration (VLSI) technology, and surface-mount
technology (SMT). Figures 1-1 and 1-2 show the location of the
components on the board. Features of the processor board are:

e Intel BO286 Microprocessor e Pipelined bus interface

2 DMA - 7 channels e Real-Time Clock (RTC)

o Three programmable timers e 16-level interrupt

o ROM memaory - 128KB e RAM memory - 512KB

@ 24-Dit address bus o 16-bit data bus

o 1GB virtual memory e 16MB real memory

o Keyboard port o PC/AT compatible ROM BIOS
a Software speed switching o 8(1287 coprocessor sacket

o User selectabe wait state e System clock

o LED speed indicator e Kceyboard entry lockout

o Buitery backup e Speaker - volume control

& Base memory expansion to 640K e PC/AT-stundard peripheral
o Multiple VLS| chips card size

1-1
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PHYSICAL DESCRIPTION

The processor board is a 4.8-inch by 13.15-inch, multilayered printed
circuit board. It is an industry-standard PC/AT card-sized board.

The key operating compaonent is the INTEL 80286-10 16-bit
microprocessor (U43) located on the right side of the board. Qther
major components on the card include:

Right side of board:

o DRAM VLSI {NPFR board U72, PFR board U71)
o 80287 math coprocessor sockel (U44)

Center of board:

e CPU VLSI (U39)

o 8259A-2 Interrupt Controllers (2) - NPFR UGB, U69/PFR U67,U68
e 8237-5 DMA controllers (2) - U55,U66

o DMA page register - 7415612 (U38)

o ROM BIOS low byte (U30)

Left side of beard:

o Real-Time Clock (RTC) VISI (1J53)
o 8742 Universal Peripheral Jonterface (U37)
e ROM BIOS high byte (U27)

DC power is supplied to the board through the bus connector located
on the bottom right of the board ncar the DRAM VLSI chip.

Mounted near the RTC VLS chip are two adjustable capacitors; VC1
to trim the 14.318M!1z clock and VC2 to trim the 32.768K11z crystal
for the Time of Day clock.
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GENERAL INFORMATION

Also on the board are connectors for the following:

o 6-pin 8-ohm speaker (J4)

o 5-pin battery back-up (PFR), 4-pin (NPFFR) - RTC/CMOS
configuration table (J2)

o 6-pin keyboard lock/LED speed indicator (J3)

s 10-pin keyboard/power good (J5)

@ 36-pin expansion RAM (JM1)

Below the Interrupt controller chip area are two board-edge bus
connectors:

@ 62-pin 8-bit 1/0 bus signal interface (P1)
o 36-pin 16-bit I/O bus signal interface (P2)

Also on the board are two banks of dynamic RAM. Each bank consists
of nine chips; eight chips are for data and the ninth is for parity. These
chips provide 512K} of base memory. RAM memory may be increased
128K B for a muximum of 640K B base memory.

L ECTRICAL CHARACTERISTICS
DC power is provided to the board through the bus connector. Figure
1-3 shows the power input connector pin-outs.

Pin Volloge
B3 +Svolls
B29 +5 volls
DI6 +5 volls
B34 Ground
810 Ground
B31 Ground
D18 Ground

Figure 1-3 Power conneclor pin-outs
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CURRENT REQUIREMENTS

The current requirements are shown in Figure 1-4. Maximum current
indicates a fully populated system board, including an §0287 math
coprocessor and wo extra EPROMs,

Voltage Typical Maximum
Vollage Tolerance Current Current,
+12v* +10% 0.0 mA 0.0 mA
+ by +- 5% 225 A 30A
- Sv* 0.0 mA 0.0 mA
BF - 10% 0.0 0.0 mA

*-5,+12 and -12 volts are nol used by this board.

Figure 1-4 Curmrent requiremenls

ENVIRONMENTAL CHARACTERISTICS

The processor board withstands various environmental conditions
during normal operation, shipment, storage, and handling as specificd |
in Figure §-5.

DRY BULB RELATIVE
RANGE TEMPERATURE | HUMIDITY BAROMETRIC PRESSURE
Operating 10Ctob5C 20% to BO% 105 1o 69,000
10 C Change 10% Change Pascals up o 9050 il.
per hour per hour
Extreme 0Clo60C 10% 1o 95% Same for all ranges.
Powier On* 10 C Change w/o
per hour condensalion
Slorage -10C1lab0C 10% 10 90%
15 C Change w/o
per howr condensalion
Transil -40Cto60C 5% 1o 95%
20 C Change wfo
per hour condensation
* NOIE: The extreme power-on range Indicales limils which are likely il the healing \ |
of air condilioning plant fails or has nol yel brought the room lo operaling
condilions.
Figure 1-5 Environmental characleristics
1-6

www.thecorememory.com

GENCHAL INFUHIVIATIUN

SAFETY CHARACTERISTICS

The board is constructed of UL recognized material and processed by
a UL recognized ctching house. ‘The board meets 94V2 flammability
rating and is marked in accordance with UL procedures.

FCC NOTICE

The processor board, when operating in the final product
configuration, is subject to FCC part 15 (USA) and/or FTZ
(Germany) measurements of conducted and radiated radio frequency
emissions, depending on the product classification. The board, as
delivered, is ncither Ciass A VERIFIED nor Class B CERTIFIED.
The final product must be tested to establish its compliance with the
applicable emissions regulations.

SOCKET-MOUNTED COMPONENTS
The processor board contasins the following socket-mounted
componcits:

e ROM BIOS chips (U27,U30)

¢ Keyboard Controller (U37)

o 80286 Microprocessor (U43)

o DRAM Controfler VLSI (U71)

The pin assignments for these components are shown in the
"Integrated Circuit Component Pin-out Configuration" section.

SHIPPING CONSIDERATIONS
The board will withstand the following vibrations without any
detrimental cffects to its operation or life expectancy:

o Frequency  7to 10011Z

e Force 1.2 G's, minimum

o Time 2.5 hours

o Shock 30 G's in any plane with no surrounding protective
package.



The Core Memory Project
REFERENCES

e Intel Corporation:

o Alicrosystemt Components, volumes [ and 11
Memory Components Handbook
Microprocessor and Peripheral Handbook
Insroduction to the iAPX 286
LA PX 286 Hardware Reference Manual
LAPX 286 Programmer's Reference Manual

o APX 286 Opcrating Systems Writer's Guide
o Texas Instruments:

o MNOS Mcemory Supplement
e NMotorola, Incorporated

e Alicroprocessors Data Manual

wwvs].ﬂqecorememory.com

Contents

Functional Description

PROGIESSOR BIOAIRID e acore e svors swoe g caine 368 6 566 300 s 2-1
BO286 MiCr POt S 0T &ttt ettt ettt tsee teeesenanassseanannes 2-2
Random Access Memory (RAM) ..ot reiiinnns, 2-3
RAM Mcemory Reset Timing (PFR) ..o iieenn. 2-4
Reset Generalion (PI0R) oo s e enreennns 2-4
Read Only Memory (ROM) e iieeinnnenns 2-6
Direct Memory Access (DMA) oo iiiiiiennns 2-9
T T CONNIC Weriie rrews om0 VR UG S ST, 250 e aogench opopesos B dor st 2-11
Enternupt Gonliio] vios ses 556 55 50k wiile wuws aceis diore snenssatons sets ssarsioys 2-11
Numeric Processor Extension ...ooevinieiinireeirreenons 2-12
G WEEST £ 5imits 55 5 ke vasse tee: ke axsho- ks sosersraiayavs: srovs e Lol 2-13
DRAM Controller VLSI —
Power Fail Recovery Board (PFR) vvivi i, 2-14
DRAM Controller VI.SI —
Non-Power IFail Recovery Board (NPFRY. ..ot 2-16
IRelZPine Gkl NAGST 2z goie s siere smose shoteowone-skons’ swowersters 0% XY 2-17
Input and Output Control Line Funetions ........coovvvun, 2-19
Multiplexed Bidirectional Address/DataBus............. 2-19
ALE - Muitiplexed Address Strobe ......oovviiiin..., 2-19
IRQ - Interrupt Request. ..o vvvreeriniiiieniiiinnnnnnes, 2-20
TRIGSTTIP e v 16 s ST S e KA 2 0 AF S oa koo onepenn vasye afeso -SRaRSH%n 2-20
P - PoWer SeNSE v ot itei ittt et st 2-20
B resSEMIAN0 aig s aims ozse rise stons shoze o) svare Ss, 708 99545, 2-20
Periodic Interrupt Seleclion ....vvveeniiieiineniiannns 2-22
Alarm Interrupt Selection. cvvvre v i ieiirvnninnnes 2-22
SEHIECIVIONS TN s orns 53 0% 368 ke racke shots siote et owste wiars 3 2-23
L i | e T 1> (1T TET TR 2-24
ROING R GiSlOrshe. gur 5t 05 Gene e onste shonsriborsroremsisssnatisiyars IS8T 55 2-25
FRCTASTER Al S0 15 saamerenshon spersenentsmsvens s5o7e hofs S S5 e ST SR8 Shi o oae 2-25
Update In Progress Bil oo vt inierenenns 2-26
Rate Selection Bils. .ottt iiiiernsernnnaness 2-26
TGS 1 T g venirers ot e e SR TR, S Lokis nepssavks koo Magaraieda=eme 2-26
!



Chapter .

The Core Meqpory Project DD ,
Perivdie Interrupt BEnable Bit .. .oooiiiiniiiiiaia 2-27
Alarm Interrupt Enable Bib. ..ot 2-27 F . 5 B
Update-ended Interrupt Enable Bit.....ooooviiiono 2-27 Unct/()na/ DeSCfI,DUOn
Dl ModerBil coo v o mme snms ven am ves vma ome o smesm s eie s 2-21 [
ZAVTPA I M von + drme e 920 ol ST o ol Sl ol T ARG ok - 2-27
Daylight Savings Bnable Bit ... oot 2-28
RCEISUTIT C o v gt Smde SEgot S0 T/ermve s TV s e owekare awess Wete & 2-28
Interrupt Request Flag ..o vviiinviniinnt, U gire 4 2-28
ReRioelic INLERTIpL IBIAR . o v iiiens e Reriii 66 Gih 50 uitsd & 2-28
Alarm Interrupl Flag. oo oo 2-28
ThptlailesBded Trlerrnupl Tl cwnomeeam o o o s o 2-29 PROCESSOR BOARD
S . 1 T s v S 202
IO 1) v nse anens s it D95 Aol STk T BROF SE S e 2520 This section contains a functional description of the processor board
Valid RAMand Time Bit .....ooooiiiiiiiiinnienns 2-29 The major functions, as shown in Figure 2-4, described are: '
1o 003 1500, i cxowimsnsxitismamam aoviizene SwenaEeNewS oG |SHANEHARSNS, SHSEe SYEoES: SReme SpoexsEA 2-29
Kieyboand Inter faet! « srmepr oo msns w s sk 56T 500 5 @@ 4% o 2-30 o 80286 Microprocessor control
Bl GOTIIEOIICT ~ saee 9ee mem 2 et S A5 S S a0 Yo% D 50 2-31 e DRAM VISI control
Software Speed Swilehing..oooioi it 2-32 e CPU VLSI conirol
AMUTESE MBS ap am ooy amnies i ashs S5 St ey semisee 2-32 @ Real-Time Clock VLSI control
Memory Address Map...c.ovviinii i 2-32 e DMA control
170 Address Map oo, 2-34 ~ o Interrupt control
e 50287 Numeric Processor control
CONNEGRORS) i gm0 aaquesoe nam w0 e T 5 5 s o e 2-36 & Keyboard control
SPCHRCTECTNTECUDE & oo sxioss ssens suioe sisie oiid Tlefs 84T 548 & Dol 0 1% 2-36 e ROM control
Battery Conneclor ...oeeeeneurreiierecorsasosresasnsnasans 2-36 © RAM control
Keyboard Lock/LED Speed Indicator Connector ............ 2-37 @ Addressing
Keybourd/Power Good Conneclor ...ovveeiieeieineiiiienn, 2-37 e Connector signal control
Expansion RAM Conneclor.....ooiiiiiiiiiineiiiiin e, 2-38
B COnNNCEIOT S, et s 365 Ftels ok Toiie s SFa GG e Tt T s 2-39
Logic Signals and Their Functions . ....ocoeviviienennnn, 2-41
Data and Control Signals. ... iiiiiiiiiii i 2-45
Sarsllenmnr TMIINES wrse il cismsts e owater o ofele avfo- Ste¥or s TENe el AFNsTs  SEPKe sk 2-48
) B 3 e T 2-50
ST owsco oo it st 3600 DI Dok s JB S SR S Shpvs wisve s « 2-50
\
i

2-1
www.thecorememory.com



The Core Memory Project

80286 MICROPROCESSOR

The central processing unit (U43) is an INTEL 80286-10. It has a
clock rate ol 6.0MIHz, 8.0M1Iz, or 10.0MIlz. The clock rate may be
selected through the DOS FREQ utility or the keyboard by pressing
ALTL, ESC, and SYS REQ simultancously, Proper jumper strapping is
required for the sclected speed; refer to the Switches, Jumper.s and
Adjustments chapler of this manual.

Two upwardly compatible operating modes are supported: the real
address mode and the protected virtual address mode. The real
address mode of the 80286 allows a T MB address space. In protected
mode, a 16 MB real address space with 1 G virtual addressing per
tusk is supported.

The processor board also supports an 80287 high performance 80-bit
nuith coprocessor.

A comparisan of overall system performance showing wait states and
cycle times for the dilferent operating specds is shown in Figure 2-1.

cPru 6Milz | 8MIfz | 10MIHZ| 8 Milz

CYCLE CLOCK |WAIT CYCLE | CYCLE | CYCLE | 0 MEMORY
TYPE CYCIE |STATE | TIME TIME TIME WAIT STATES
16 BIT BUS 2 1 500ns | 375ns 300ns 250ns BASE

2 0 250ns MEMORY
16 BIT BUS 2 1 500ns 375ns 375ns EXPANSION

2 2 400ns | 375ns MEMORY
8 BITTO 2 4 1000ns | 750ns 750ns
B8 BIT IO 6 800ns
16 BITTO 2 10 2000ns | 1500ns 1500ns
g uITi/o 14 1600ns
16 BITTO 2 1 500ns 375ns 375ns
16 BIT I/O 2 400ns

Figuie 2-1  System peiformance
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FUNCTIONAL DESCRIPTION

RANDOM ACCESS MEMORY (RAM)

The processor boird has two banks, S12K bytes, of dynamic RAM (U1-
U18). Each bank consists of eight chips for data and one for parity
checking.

RAM memory may be increased to ¢ maximum of 640K bytgs by
inserting a 128K cxpansion board into one of the expansion slots or by
using the 128K expansion connectar (JM1) on the processor board
with the 128K piggyback board. Additional memory may be added in
the form of RAM cxpansion cards.

The dynamic RAM memory is refreshed using the DRAM VISI the
CPU VLSI and counter 1 of the timer. Refresh requires one memory
cycle every 15 microseconds. In power-down operation, a strap allows
the memory to be refreshed at a slower rate, to conserve power.

Single bit errors are detected using a ninth bit for parity. A parity
error generates a non-maskable interrupt to the 80286 CPU.
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80286 MICROPROCESSOR

The cential processing unit (U43) is an INTEL 80286-10. It has a
clock rate of 6.0M11z, 8.0MI1Iz, or 10.0MHz. The clock rate may be
selected through the DOS FREQ utility or the keyboard by pressing
ALT, ESC, and SYS REQ simultancously. Proper jumper strapping is
required for the sclected speed; refer to the Switches, Jumpcr.s, and
Adjusiments chapter of this manual.

Two upwardly compatible operating modes are supported: the real
address mode and the protected virtual address mode. The real
address mode of the 80286 allows a 1 MB address space. 1n protected
mode, a 16 MU real addeess space with 1 GB virtual addressing per
tusk is supported.

The processor board also supports an 80287 high performance 80-bit
math coprocessor.

A comparison of overall system performance showing wait states and
cycle times for the different operating speeds is shown in Figure 2-1.

cPu 6Mliz | Mz | 10Miiz] 8 Mz

CYCLE CLOCK |WAIT CYCLE | CYCLE | CYCLE | 0 MEMORY
TYPE CYCLE |STATE | TIME TIME TIME WAIT STATES
16 BIT BUS 2 1 500ns 375ns 300ns 250ns BASE

2 Q 250ns MEMORY
16 BIT BUS 2 1 500ns 375ns 375ns EXPANSION

2 2 400ns | 375ns MEMORY
gBITTO 2 4 1000ns | 750ns 750ns
8 BITI/O 6 800ns
16 BITTO 2 10 2000ns | 1500ns 1500ns
o LT /0 14 1600ns
16 BITTO 2 1 500ns 375ns 375ns
16 BIT /O 2 400ns

Figure 2-1  System performance
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FUNCTIONAL DESCRIPTION

RANDOM ACCESS MEMORY (RAM)

The processor board has two banks, S12K bytes, of dynamic RAM (U1-
U18). Each bank consists of eight chips for dala and one for parity
checking.

RAM mcemory may be increased to a maximum of 640K bytgs by
inserting a 128K expansion board into one of the expansion slots or by
using the 128K expansion connector (JM1) on the processor board
with the 128K piggyback board. Additional memory may be added in
the form of RAM expansion cards.

The dynamic RAM memory is refreshed using the DRAM VST, the
CPU VLSI and counter 1 of the timer, Refresh requires one memory
cycle every 15 microseconds. [n power-down operation, a strap allows
the memory to be refreshed at a slower rale, 10 conserve power.

Single bit errors are detected using a ninth bit for parity. A parity
error generates a non-maskable inlerrupt to the 80286 CPU.
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READ ONLY MEMORY (ROM)

The processor board has four sockets; U27 - U30, for ROM or
crasable-programmable-read-only memory (EPROM). Each socket
accommodates 27128 (16k x 8) or 27256 (32k x 8) memory chips. Refer
to Figures 1-1 or 1-2 for the location of the four ROM/EPROM

sockets.

The top 64K of memory, FOUOD(H) to FEFEEF(N) real mode (1M total
system memory), and FI'0000(I1 to FFFFFE(H) protected mode
(16M tolal system memory) are reserved for ROM BIOS. The address
map for the ROMs is shown in Figure 2-3. At 6.0 MIiz a ROM
memory cycle is 375ns and the data access time is 200ns. With the 10
MIlz opiion enabled ROM memory cycles are 300ns and duta accrss

time is 18(0ns,

ADDRESS DEVICE DESIGNATION
OE0000 TO OEFFFF Reserved ROM memory space
OFCO000 TO OFFFFF BIOS ROM memory space
FEOOOC TO FEFFFF Reserved ROM memory space
FF0000 TO FFFFFF 810S ROM memory space

Figure 2-3 ROM address map

2-6
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FUNCHONAL DESCRIPTION

DIRECT MEMORY ACCESS (DMA)

The processor board includes two INTEL 8237-5 DMA controllers,
(USS5 and UG6). Cach controller has four channels. Since one channel
is uscd for cascading, scven arc available for system use.

DMA controller 1 (USS) controls channels 0-3. It supports 8-bit data
transfers between 8-bit 1/O devices and 8-bit or 16-bit system memory.
Data is transferred in blocks up to 64K bits in size and can be
transferred anywhere in the total system memory address range of
16M bytes. DMA controller 1 controls addresses A0 1o ALS and its
associated page register controls A16 to A23.

DMA controller 2 (U66) controls channels 4-7. It supports 16-bit data
transfers between 16-bit 1/O devices and 16-bit memaory., Data is
transferred, in blocks up to 128K bits in size, on even byte boundaries
only. Channel 1 is reserved for cascading the two controllers, DMA
controller 2 controls address lines Al to A16 and its associated page
register controls lines A17 to A24.

DMA page register (U38), for channels 5-7, contain the address
bits A17 through A23. The addresses are output in data bits D1
through D7, DO is not used for 16-bit transfers. The base address, lor
channels 5-7, writlen into the base address register should be the real
address divided by two.

When addressing memory DMA channel addresses, do not increment
across page boundaries.

The Page Register addresses are shown in Figure 2-6.
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DMA PAGE REGISTER
CONTROLLER CHANNEL FUNCTION I/0 ADDRESS

1 0 UNDEDICATED a7l

1 1 SOLC 83H

1 2 FLEX DISK 81

1 3 UNDEDICATED B2H

2 4 CASCADE TO CNT 1

2 5 UNDEDICATED 8BH

2 6 UNDEDICATED 89H

2 7 UNDEDICATED 8AH
REFRESI REGISTER BFH

Figure 2.6 Page regisier addresses

The DMA controller command code addresses are shown in Figure 2-

e
ADDRESS FUNCTION
0COH CHO BASE AND CURRENT ADDRESS
oczhi C110 BASE AND CURRENT WORD COUNT
0C4H CH1 BASE AND CURRENT ADDRESS
0C6H CH1 BASE AND CURRENT WORD COUNT
“0CuH Cl12 BASE AND CURRENT ADDRESS
0CAH Cli2 BASE AND CURRENT WORD COUNT
0CCH Ci13 BASE AND CURRENT ADDRESS
0CEH C113 BASE AND CURRENT WORD COUNT
0E0H READ STATUS REG OR WRITE COMMAND REG
002iH WHITE REQUEST REGISTER
oDt WRITE MASK REGISTER (SINGLE BIT)
0DuH WHITE MODE REGISTER
0D8H CLEAR BYTE POINTER
0DAH READ TEMP REGISTER OR MASTER CLEAR
o0CH CLEAR MASK REGISTER
0DEH WRITE MASK REGISTER (ALL BITS)

Figure 2-7 DMA controlier command code addresses

wiwiflthecorememory.com

FUNCTIONAL DESCRIPTION

TIMER/COUNTER

The board provides three programmuble 16-bit timer counters (U63).
Counter 0 is ticd to interrupt ), counter 1 is used for dynamic RAM
refresh and counter 2 is used for the speaker, as shown in Figlire 2-8.

COUNTER CLKIN ouTPUT
0 1.180MHz 8259A IRQO
1.190Mtiz REFRES!H REQUEST
2 1.190MHz SPEAKER DRIVE

Flgure 2.6 Timer counters

INTERRUPT CONTROL

Two 8259A-2 interrupt controllers (U67 and UG8 for the PFR board
and UG8 and U6Y Tor the NPIFR board) regulate the interrupt requests
from external devices. They are cascaded to provide 16 levels of
interrupts as shown in Figure 2-9.

Inlerrupt Use
(UBB) 0 Timer Counter 0
1 Keyboard oulput buffer full
—> 2 Cascade inpul from second conlroller
3 Aupxiliary scrial poit
4 Scrial Asynchironous Communications Port
S Auxiliary paraliel port
6 Flex disk diive controller
7 Parallcl (Prinler) Port
(U67) 8 Clock !nterrupt
9 Causes IRQ2 (software conlroiled)
10 Rescrved
— 11 Reserved
12 Reserved
13 80287 Coprocessor
14 Fixed disk diive controlier
| | 15 Reserved

Figure 2.9 Hardware Inlerrupl asslgnments
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A non-maskable interrupt (NMI) is activated when either:

o A parity error occurs when reading from RAM

o An crron has occurred inadevice in one of the expansion slots

o PPower 1o the power supply has been lost. (Applicable only to the
1'IFR board.)

NUMERIC PROCESSOR EXTENSION

This board supports an 80287 high performance numeric processor
(U44) which provides high-speed mathematical computation
capabilities. The specific device speed required depends on the
operational speed of the system, as shown in Figure 2-10.

SYSTEM C1OCK

COPROCESSOR TYPE REQUIRED

6.0 Milz 00267-3
8.0 Miiz 80267-8
10.0 MHz {_80287-8 )

tigure 2-10  System speed/coprocessor lype requirements
The numeric processor control registers function as follows:
An OUT instruction to port OFOH clears the 80287 busy signal.

This busy signal is latched if the 80287 generates an error signal while
busy.

An OUT instruction to port OF111 resets the 80287.

When the processor board is powered up, the non-maskable interrupt
(NAI) is disabled outside the 80286.

IEnuble the NMI by writing a byte with data bit.7 cqual to a logic 1, to
170 address 07011

Disable the NMI by writing a byte with data bit 7 equal to a logic 0, to
170 address 07011,

‘)_ - -
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CPU VLS!

The CPU VLS, U39, is a CMOS chip containing much of the "gluc’
logic required for operation of the processor board. The main features
of this chip arce system clock gencration, system control signal
generation, shut down logic and NMI control logic. The device is
packaged in a 84-pin plastic lcaded chip carrier (PLCC). Figure 2-11 is
a block diagram of the CPU VLSI chip. ;

S0.51__ . - MEMR
CHDLY 1 eus —_— - MEMW
PROCLK .} cowtROL f—o —  -I0R
READY_ ., LOGIC e e s oW
CPU HLDA ¢ = =N
M-10—, Bl
- CNTL OFF . e BOL EN
- BDH EN
. ALE
X, , cLock
- T SYSCLK
- ARDY J cLock — . ML
- ARDYEN i GEN _ . RESETOUT
RESET - ——— READY
2081 3 T omactock
. s st
Gl-g =
EFl——
|
NMI CS d NMI
- PCK o conTROL |
-10 CH ¢X . an
-CS 287
S — RESET 287
- ERAOR A soze7 S 7
BAO J contror | _susvazes
BAJ , — ————RQ12
- BUSY "
-10CS16 DATA CONV
-AENI T} CcYCLE | ———————GATE24$
-~ AEN2 | contRoL | -—————-DIR 25
FSYS16 J Locic ——————- -END CYCLE
P ; ——  _DMAAEN

Figure 2-11  CPU VLSI block diagram
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DRAM CONTROLLER VLSI -

POWER FAIL RECOVERY BOARD (PFR)

The DRAM controller VLSI chip (U71) generates the appropriate
signals required to control up to 2.128M bytes of dynamic RAM and
128K bytes of EPRON/ROM, and maintain the RAM when in the
power down mode. The length of time that the integrity of memory
can be muintained depends on the amount of memory and: the size of
the battery. The DRAM controller is packaged in a 84-pin PLCC.
Figure 2-12 is a block diagram of the DRAM controller.

NOTE: This information applics only to the power fail recovery board.

A7-A23 . pasacas
ALE . LOGIC e oo o o, FESNSAS
- BHE - Py [E— .
-MEM C516 — . | ADDRESS | ——————+ - CASSYSII
CPU 1HLLA 4 - +RAMSEL
128SEL "l oeeeac - -CASEXPL
CPU CLK —_—_, | LOGIC - CASEXPH
M/-10 o + —RAM RAS
+0 WAITST s _ -LMEGCS
XAO . MDAT DIR
so . -ONBDMEM
st ., . —EXPRAMRAS
+ RAS = . EPROMI
ADV DECOD ____, ., EPROM?2
- RLFRESH __... — . F16
MLMS 1 i
MEMS2 .
- MEM MAP .
TEST RST
- MEMA 1
ROM_SEL :
Al-A20 . — . SYS RESET
- REFAQDEN . :‘mﬂisg - MAD-MAY
REFRESH A=A
- REFRESH ——— | COUNTER
REF CLOCK — .,
- RLF RATE =
]
1 POWER GD . e e ST,
HEF_CLOCK RESET

Figure 2-12 DRAM conlroller VLSI (PFR)

o 1_{)
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FUNCTIONAL DESCRIPTION

Signals MEMS1, MEMS2, -MEM_MAP, and 128_SEL decode the
addresses on the chip. If the address is a RAM address, the proper
RAS and CAS signals are generated, 1f the ADVANCE_DECODE
signal is held high, the chip allows 0 wait state operation. If the
ADVANCE_DECODE function is active, signals M/-10, S0, and S1
determine if the current machine cycle is a memory read or a memory
write. If the ADVANCE_DECODE function is not active, the<hip
wails for the +RAS signal to go high before generating RAS and CAS
signals to memory. No advance decoding is possible during a DMA
cycle.

Under normal operation, this chip gencrates a refresh RAS once ~very
15 microscconds. After power is lost, the chip runs through a normal
refresh for 512 cycles. Memory is then refreshed at an extended rate, if
jumper JI6 is set to 1-2, which is about eight times slower than normal
memory speed. Upon power-up, the chip reverts back to the normal
refresh rate and begins normal operation. The ROM BIOS firmware
is responsible for keeping -REFRESIT high long enough for 512
refresh cycles to be generated before -REFRESLH goes low.

219
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DRAM CONTROLLER VLSI -

NON-POWER FAIL RECOVERY BOARD (NPFR)

The DIRAM controller VEST (U72) generates the appropriate signils
required to control up to 640K bytes of dynamic RAM and 128K bytes (
of LPROM/IRROM. The DRAM controller is packaged in a 68 pin
PLCC. Figure 2-13 is a block diugram of the DRAM controller.

NOTE: This information applies only to the non-power fiil recovery

buid.
A17 - A23 .} RAS&CAS
AlE 0 LOGIC ————+ +FSYS16
- XBIHE . & e CASL
-MEM CSI16 . o ADDRESS _ _+ -CASH
CPU HL [J_A o DECODE — o+ +RAMSEL
1285eEL .., LoOGIC _—————+ =~ CASIIL
SVEEIRK - . . -CASUH
M/ - 10 & — . -RAMRAS
+0 WAMST s —_—  + —LMEGCS
2.7, (-, —  + MDATDR
S0 pk ————— _ ONBDMEM
S1 "
+ RAS
| \
A1-A1B ~| ADDRESS
~LHESET ——, MUX AND _ MAO-MAS
- REFRESH .| RerresH
- REFADDEN » COUNTER - AD-A7
I
NnOM 8C1L . 3 ;
LIiOM — —+ - SCL EMIOM 1
it L I— - SEL EPHOM 2
ROM SEL 5 SELECT
Figure 2-13 DRAM controlier VLS! (NPFR)
\
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FUNCTIONAL DESCRIPTION

REAL-TIME CLOCK VLSI

The Real-Time Clock (RTC) VLSI chip, UG3, contains the functional
cquivalent of the Motorola MC1468 18 "Time of Day chip and the Intel
8254 Timer chip. 1t supports all of the time of day modes provided by
the MC146818, three user programable counters, and batlery back-up.
The chip is packaged in a 68-pin PLCC. Figure 2-14 is a block diagram
of the RTC VLSI chip. ‘This section includes a block diagram, an’l/O
address map, a list of signiticant features of the chip, and adescription
of the interface to the chip.

BDO-BD7? —— —_— -IRQ
X1.x%2 * TIME OF
PWR GOOD s DAY
- BIOR . LOGIC
- BIOW .
- PPICS ——— :
BAD, DAY »
GATEZ SP . JIRQO
teMiz — | qen . our
A1 *| Loacic —_ o2
~TIMERCS — . _  _oscC
CDO0-CDg —— ~NMI CS
- -8742 CS
- -REG WR
- _REG RO

Figure 2-14 NTC VI Sl block diagram

The real-time clock logic contains 14 bytes used by the RTC chip for
time and date control. The remaining 50 bytes are used by the
processor board to store various parameters required for system
operation. The function of each of these bytes is outlined in Figure 2-
15.
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I/O ADDRESS FUNCTION
00! RTC Scconds*
01t RTC Scconds alarm*
0zZH RTC Minutes*
03H RTC Minutes alarm*
04H RTC Hours*
05H RTC Hours alarm*
06H RTC Day al the week*
o7H RTC Day of the month
084 RTC Month
09H RTC Year
0AH RTC Stalus reglsler A
0BH RTC Status register B
oCit RYC Status register C
0DH RTC Slalus register D
0EH Slalus byte (Diagnostic)*
OFH Slatus byte (Shuldown)*
10H Flex disk drive (Type)
11H Unused
12H Fixed disk drive (lype)
134 Unused
14H Equipmenl flag
15H Base memory byte (Low)
16H Base memory byle (High)
17H Expansion memory byle (Low)
18H Expansion memory byte (High)
19H-2DH Unused
2EH-2FH Checksum
30H Expansion memory byte (Low)*
31l Expansion memory byle (High)*
32H Cenlury data*
33H Power on Flags*
34H-3FH Unused

* These bytes are not included in the checksum calculation.

Figure 2-15 RTC RAM |/O address map

www.th&corememory.com

FUNCTIONAL DESCHIFPTION

The following is u list of significant features of the RTC VLSI chip:

o Internal Time Base and Oscillator
o Counls Seconds, Minutes, wd [ours of the Day
e Counts Days of the Week, Date, Month, and Year
@ Time Base Inpul; 32.768 Ktz
e Time Base Oscillator for Parallel Resonant Crystals )
o Binary or BCD Representation of Time, Calendar, and Alarm
2 12 or 24 Hour Clock with AM and M in 12 Hour Mode
o Automatic End of Month Recognition
o Automatic Leap Year Compensation
o Interfuced as 61 RAM Locations
o 14 Bytes of Clock and Control Registers
@ 50 Bytes of General Purpose RAM
o Status it Indicates Data Integrity
o Three software-maskable and testable interrupts:
o Time of Day Alarm, Once-per-Second to Once-per-Day
a Periodic Interrupt Rates from 122.070 uS to 500 mS
s End-of-Clock Update Cycle

The interface to the RTC is described below.

input and Output Control Line Functions
The funclions of the 1/O control lines are described below,

Multiplexed Bidirectional Address/Data Bus (AD0-AD7) -- The bus
presents the address during the first phase of the bus cycle, and the
data during the sccond phase. The valid address must be presented
just before the fall of ALE. Valid write data must be presented and
held stable at the end of the write cycle. 1n a read cycle, 8 bits of dula
arc output near the end of the cycle.

ALE - Multiplexed Address Strobe -- This input is a positive strobe

pulse that demultiplexes the bus. The falling edge of ALE causes the
address to be latched within this device,
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1RQ) - Tuterrupt Request == This active High output interrupts the host g 14 00 0]  Soconds 00 ™~
processor as needed. The IRQ output remains 1igh as long as the Bytes 1| Seconds Alaim |01
stitus 1)il cnabling the interrupt is set. To clear IRQ, the processor 2 Minutes | 02
reads Register C. RESET also clears pending interrupts. When no ( [ i 0D 2
2 3 A o 3 . e 1 3 Minutes Alaim |03
imterrupt is occurring, the 1RQ pin is Low or Tri-Stated according to 14 e\
S 5 SRV e 5 q Hours 04 Binary
the way the RTC s programmed. IR - SO or BCD
5 05
s ki 14 Content:
RESLET -- This input does not affect the clock, calendar, or RAM 6| Day of Waek |06
functions. 1t does affect the following: 50 7| Date of Month |07
Byles
. o - User 8 Month o8
o Periodic Interrupt Enable (PIE) bit is cleared, zero RAM q e dgl 27
o Alarmn literrupt Enable (ATE) bit is cleared, zero -
o Update Ended Interrupt Enable (UIE) bit is cleared, zero 10, [Hegislrd A
e Update Ended Interrupt Flag (UF) bit is cleared, zero 11 Register 8 0B
o Interrupt Request Status Flag (IRQF) bit is cleared, zero 12 Register C oc
{ s 8
o DPeriodic Interrupt Flag (PF) bit is cleared, zero 63 3F 13 Register D 0D
e Alarm Interrupt Flag (AT7) bit is cleared, zero T
e IRQ pinis Tri-Stated
Figure 2-16 RAM and control regislers address map
'S - Power Sense -- This input controls the Valid RAM and Time
(VRT) bit in Status Register D, When PS is low, the VRT bit is \ -

& L o ampls*
cleared. During power-up, the PS pin must be externally held low for a Bl m | R eyt Riosanus: | dRRe, DO
minimum of SuS. As power is applied, the VRT bit remains LOW . o Seconas | 4ot 10018 -1 u P
The contenis of RAM, time registers, and calendar are not guaranteed 1| Sesonas awm | 0-80 10a - 328 100248 1 1
as long as the VRT bit is low. i = 0] 107420 voa-4se » "

: 3 Morndar Alarm a-6d 00 - 138 140 - s60 EYY 1]
Address Map -- Memory consists of 50 user RAM bytes, 10 time, B o U i Tl o o
calendir, and alarm data bytes, and four control and status byles. The iy | 0v yoa -1z soa- am o o
processor can read and write Lo all 64 bytes except registers C and D, e o TR Gl & =
Bit 7 of Register A and of the seconds byte, which are read only, and T e Ml e
B3It 7 of the seconds byte which is always "0". Figure 2-16 shows the PR PYS s e oo o o

. F B R 3 1 | Day of pu Wam 1-1 a0 sa1-¢0) o o1
RAN address map and control registers in this chip. Sudey = 1

i Uata ad Bek bhaills - - [LLEN 2 al 1]
The processor obtains tinme and calendar information by reading the ' Hre b por=ase felan & e
proper locations, The time, calendar, and alarm may be initialized by : "; = i wmE ¢ 16
] - . ! Y Gampl T ] T, LT T

wriling to the correct RAM locations. The contents of the ten time, il e
calendar, and alarm bytes can be either binary or binary coded decimal \ Figure 217 Time, calendar, and alarm data modes
(BCH). Figure 2-17 shows the binary and BCD formats of the ten time,
calendar, and alarm locations.
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Periodic Interrupt Selection -- The periodic interrupt allows the IRQ
pin to be triggered once every 122.070 uS to 500mS. 1t is scparate
from the alarm interrupt which can output once per second to once
per day, Figure 2-18 shows the selection of the Register A bits that sct
the periodic interrupt frequency. The periodic interrupts must be
cnubled by the PIE bit in Register B.

Rate Select 32.768 KHz Time Base Rate Select 92.768 KHz Time Base
Conuol Regisler A Periodic Inlermupt Control Ragister A Periodic Interrupt
RS3 RS2 RS1 RSO Rale tPI RS3 RS2 RS1 RSO Rate tPI
[ (] u 0 None 1 a 0 0 3.90625 mSs
0 0 a 1 3.90625 mS 1 0 o 1 7.8125 mS
o a 10 7.8125 mS 1 0 i 0 15.625 m$
0 0 1 1 122.070 uS 1 a 1 1 31.25 m$S
0 1 g o 244.141 uS 1 1 o 0 62.5 mS
0 1 [V 488.281 uS 1 1 0 1 125 mS
0 1 1 0 076.562 uS 1 1 1 0 250 mS
0 1 r 1 1.953125 mS 1 1 1 1 500 mS

Figure 2-18 Register A rale sclection bit setlings

Alirm Interrupt Selection -- The three alarn bytes can be usal in two
ways. The processor can insert an alurm time in the appropriate hours,
minutes, and seconds alarm locations and set the alarm enable bit to
enable the alarm interrapt o occur at the specificd time each day.

A “Den't Care” ("[DC™) code can also be inserted in any of the three
alurm bytes to obLtain different results. A "DC" code is any
hexadecimal byte, from CO (o FF, with its two most signilicant bits set
to 1. An alarm interrupt occurs each hour if a "DC" is inserted in the
hours alarm byte, cach minute if inserted in the hours and minutes
bytes, or cuch second if inserted into all three alarm bytes.

wwwatitorememory.com
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The processor sclects which interrupts, if any, it wishes to reccive. A
"1" written to the appropriate register B bit locations enables one of
the three interrupts, A 0" in a bit location prohibits the
corresponding interrupt from occurring. If an interrupt flag is already
sct when the interrupt is enabled, the IRQ pin is immediately activated
though the interrupt, that initiated the event, may have occurred much
earlicr. Therefore, the processor should clear earlier initigted
interrupts before enabling new interrupts. When an interrupt occurs, a
flag bit is set to a "1" in Register A. Each of the interrupts have a bit
in Register A which are sct independent of the state of the
corresponding cnable bits in Register B. The flags may be used with or
without enabling the corresponding enable bits. However, there is one
precaution: the flag bits in Register A are cleared when Register A is
read, more than one interrupt bit could be set in a read and all would
be erased. Thercfore, if the processor is polling instead of using
interrupts, all set bits should be read and the bit status saved while
handling all polled interrupts.

Static CMOS RAM -- The 50 bytes of RAM are not dedicated to any
particular function. They may be used by the processor and are
accessible during the update cycle. They can be used to store essential
non-volatile data since the RAM can be kept valid by use of battery
backup.
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Update Cycle - The RTC executes an update cycle once per second
assuming one of the proper time basces is in place amd the SEET bit in
Register B s clear. When the SET bit is 2 "1%, the processor can
initialize the time and calendar bits by stopping any existing update and
by preventiag a new one to begin, ‘The most important function of the
update cycle is to increment the seconds byte, check for an overtlow
condition, increnment the minutes byte when needed and so op through
to the year of the cenfury byle. Also, each alarm byte is compared to
its corresponding time byte, and an alarm is execuled if there is a
match or if a "DC” code (IITXXXXXX) is present in all three
positions. A 32,768 Kllz time base update takes 1,984 uS. During the
update cycle, the time, calendar, and alarm bytes are inaccessible. The
Update In Progress (UIP) status bit is set at this time.

There are three routines the processor may use to avoid the update
cycle.

If the Update-Ended interrupt is enabled, an interrupt occurs every
update cycle and over 999 mS are available to read valid data. Before
leaving the interrupt service routine, the IRQF bit in Register C
should be cleared.

The second routine uses the Update-In-Progress bit (UIP) in Register
3 to determine the status of the update. The UIP bit is set once per
second. After the UILP bit goes High, the update begins 244 uS later.
Therelore, the user has at least 244 uS, if the UIP bit is Low, to read
valid data. Once the ULP bit is set, data is not valid and should not be
used by the processor. Also, the user should avoid interrupt service
roulines that cause it to take longer than 244 uS to read time/calendar
duta.

The third routine uses the periodic interrupt to determine if an update
cycle is in progress, The UL bit is sct High between the setting of the
PIF bit in Register C. Periodic interrupts that occur at a rate greater
than 1BUC + tUC allow valid information to be read at cach
occurrence of the periodic interrupt. The reads should be done within
(P + 2) + (BUC to insure valid datia. See Figure 2-19 for more
information on the update cycle.
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UIP bit in
Registar A [ |

. —tuc
BUC —» -

UF bit in
Register C

J WL
— el - zﬁ
PF bit in : IPI =i 5 2__-1
i '

Ragister C [T

:PI = Pariodic Interrupt Time Intarval (S00 ms, 250 ms, 125 ms, §2.6 ms, etc. par Figura 2 - 18)
1UC = Updals Cycle Tino (248 & or 1984 i8)
BUC = Delay Time Bulore Updale Cycla (244 )

n

Figure 2-19 Updale-ended and periodic interrup! relationships

RTC Registers

The RTC has four repisters, A,B,C, and D, which are accessible by the
80286 processor during the update cycle. These registers are described
below.

Register A -- A diagram of register A’s bit functions is shown in Figure
2-20. These functions are described in the following paragraphs.
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L7 LG b5 b4 b3 b2 bi LO

uiP X X X RS3 RS2 RS1 RSO

Figure 2-20 Register A bit funclions

Update In Progress Bit (UIP) -- This is a status bit that can be
monitored by the processor. If set to a "1", the update cycle is in
progress or will be shortly. If a 0", an update will not occur for at
least 244 uS. The time, calendar, and alarm data is all valid and
accessible when the bit is 0", This bit is rcad ounly and ignores
RESET; however, writing a "1" in the SET bit of Register B will
prohibit updates and clear the UIP status bit.

Rate Sclection Bits (RS3,RS2,RS1,RS0) -- These four bits
select the rate the periodic interrupts will oceur if the PIE bit in
Register B is set to “1". These four bits are read/write, are not affected
by RESET and are never changed by the RTC. See Figure 2-18.

Register B -- A diagram of register B’s bit functions is shown in Figure
2-21. These functions are described in the following paragraphs.

b7 b6 b5 b4 b3 b2 bi b0

SET PIE AlE UIE X DM | 24/12 | DSE

Figure 2-21 Register B bit funclions
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SET -- When ihe SET bitis a "0", the update cycle advances the
count once per sccond. When SET is a "1", any update cycle in
progress is aborted and the processor may initialize the time and
calendar bytes without an update occurring. SET is a read/write bit
and is not modificd by RESET.

Periodic Interrupt Enable Bit (PIE) -- PIE is a read/write bit (pat
allows the periodic intecrupt flag (PF) bit to cause the 1RQ pin to be
driven High. The processor writes a "1" to the PIE bit in order to
receive periodic interrupts at the rate selected by RS3, RS2, RS1, and
RS0 in Register A. A "0" in PIE keeps IRQ inactive by a periodic
interrupt, but the PEF bit is still set at the periodic rate. PIE is cleared
o "0" by RESET.

Alarm Interrupt Enable Bit (AILE) -- The ATE bit is a read/write
bit which, when set to a "1, permits the alarm lag (AF) to assert IRQ.
An alarm interrupt occurs for cach second that the three time bytes
cqual their corresponding alarm bytes including the “"DC™ state. When
AlE is "0", the AF bit does not set IRQ. The RESET pin clears AIE
to “0".

Update-ended Interrupt Enable bit (UIE) -- The UIE bitis a
read/write bit which enables the update-end flag (UF) bit to set IRQ.
If the RESET pin or the SET bit is set to a 1%, the ULE bit is clearcd.

Data Mode Bit (DM) -- The DM bit indicates whether the time
and data updates are to use binary or BCD formats. It is dependent
only on the processor. A "1™ indicates binary data, a *(0" indicales
BCD data.

24/12 Bit -- The 24/12 bit scts the format of the hours bytes as

either the 24 hour mode, set to a "1" or the 12 hour mode, set to a "0".
It is affected only by the processor.
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Daylight Savings Enable Bit (DSE) -- The DSE bit is a read/writc
bit which allows the processor to enable two special updates when
DSEis a 1", On the last Sunday in April, the time increments from
1:59:59 AM 10 3:00:00 AM. On the last Sunday in Qctober, the time
changes from 1:59:59 AM to 1:00:00 AM. These times do not change
when DSE is "0". DSE is not changed by any internal operations or
RESET.

Register C -- A diagram of register C's bit functions is shown in Figure
2-22. These functions are described in the following paragraphs.

b7 b6 b3 b4 b3 b2 b1 b0

nae Pr AF UF 0 0 0 0

Figure 2-22 Regisler C bit functions

Interrupt Request Flag (IRQF) -- The IRQF flag is sct to "1™ if
one or more of the following occur:

» PF=PIE="1"
o AF=AIE="]1"
o UI'=UIE="1"

When IRQF is set to "1", the IRQ pin is driven Low. All flag bits are
cleared after Register Cis read or RESET is activated,

Periodic Interrupt Flag (PF) -- The PF flag is a read only bit. Tt
Is sct to 1" when a particular edge is detected on  the divider chain.
This flag is cleared when Register Cis read or by RESET.

Alarm Interrupt Flag (AF) -- When the AF bit is set to "1", the
current time has matched the alarm time. A "1" causes IRQ to go
High if AV ds also High ("17). This also sets the IRQEF bit. A RESET
or Register Cread clears AF.
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Update-Ended Interrupt Flag (UF) -- This flag bit is set at the
end of each update cycle. When UF and UIE are a 1", IRQF is set
to "1" and 1RQ goes High. UF is cleared by RESET or a Register C
read.

B3 to B0 -- Unused bits of Register C, read as "0's". They cannot
be writlen to. i

Register D -- A diagram of register D's bit functions is shown in
Figure 2-23. These functions are described in the following
paragraphs.

b7 | b6 | bS5 | b4 | b3 | b2 | bl bo
VAT | o 0 0 0 0 0 0

Figure 2-23 Reglster D bit functions

Valid RAM and Time Bit (VRT) -- The VRT bit indicates the
condition of the contents of RAM provided the power sense (PS) pin
of the chip is properly connected. A “0" appears when the PS pin is
Low. The processor can sct the VR bit when the time and calendar
arc initialized. The VRT is a read only bit that cannot be modified by
the RESET pin. The VRT bit can only be set by reading Register ID.

b6 to b0 -- These unused bits are always read as “0's" and cannot
be written to.
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KEYBOARD INTERFACE Y 4 8742 CONTROLLER

:h“l P;?{‘fﬁéﬁﬁ;:’i:i;’ ifﬁ::?ﬁz ?s l)::'r()tvifSZUH ;cr;?]l ll.'l;:[ycl;ou;rd.ir EI;{ The two ports on the 8742 Universal Peripheral Interface (UPT) chip,
L - e > y ; e U37, are used by the system for status and keyboard interface. They
controller chip, described below. The connector, 35, is a 10 pin dual ( . arcalcSERIG il IFiTaRE 05

jumper block, Inaddition to the signals used for keyboard control the
connector also can input the POWER GOOD signal from the power

supply on pin three. This signal is not required for' keyboard DATA BIT INPUT PORT OUTPUT PORT .
operation.
The pin-out is listed in Figure 2-24. See Figure 1-1 or 1-2 for the ? 32:223 gizfjjizt;?rd
location ol this connector. 2 Y T— Sysicm specd swilch
3 Unused Unused
4 Sense RAM size Output buffer full
SIGHAL PIN DIRECTION 0 Not supported
1-512K on system board
ot 1 Blidiieclional 5 Power-on defaull speed Inpul buffer emply
+Dala 2 Bi-direclional 0-52 pins 1-2 High speed
FOGERHGULD 4 Input 1-S2 pins 2-3 Low speed
5ol a Eliriget 6 Display type Switch S1 Keyboard clock out
gl('(:OUND : ( 0-Color/Graphics
1-Monochrome
CISHRO 4 7 Keyboard disable switch Keyboard data out
AARGHD B 0-Keyboard disabled
GROUND 9 - 1-Keyboard enabled
GROUND 10

. Figure 2-25 UPI por description
Figure 2-24 Keyboard conneclor pin-out

In addition to the input/oulput ports two test pins, 1 and 39, are used
to sample keyboard data from the keyboard. Their functions are
shown in Figure 2-26.

Pin 1 TESTO Keyboard clock Inpul
Pin 39 TEST Keyboard data input

Figure 2-26 UPl1test pin definitions
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SOFTWARE SPEED SWITCHING

The board has provision for software speed switching. This option
allows operation at two speeds. Proper jumper strapping is required
for the sclected speed; refer to the "Switches, Jumpers, and
Adjustments” section of this manual. One speed is determined by the
lrequency of the primary crystal. This is fixed at 6.0 M11z. The second
frequency is determined by the frequency of the crystal oscillator on
the board. ‘This oscillator must be between 6.0M1Hz and 10.0MI1z.
Figure 2-27 shows RAM speed/performance increase for different
speed options.

Wait

State 6.0MHz 8.0MHz 10.0MHz
0 120ns/33% 80ns/50% not available
| 200ns/0% 150ns/25% 120ns/40%

Flgure 2.27 Speed/performance comparison

ADDRESS MAPS
Two types of addressing are defined for the 80286 CPU, memory and

1/0. They are described below.

Memory Address Map
The 24-bit address bus of the 80286 CPU defines a 16 MB physical
address spuce. The 80286 operales in two addressing modes:

e Thie real address mode supports a IMB address space. In this mode
the 80286 is object code compatible with the 8088 and 8086

[FOCCAsURS.

o The protected mode allows a 16 MB physical address space with a
one gigabyte virtual address space. In protected mode some object
code tor the 8088 amd the 8086 may require modilication to support
the virtual addressing requirements. The memory address map is
shown in Figure 2-28.
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Memory Address Memory Type Localions

000000H - 07FFFFH 512 KB RAM SYSTEM BOARD

0BO00OH - 09FFFFH 126 KB RAM SYSTEM BOARD OR
EXPANSION BOARD

0AQ000H - OBFFFFH 128 KB RAM VIDEO DISPLAY

0C0000H - ODFFFFH 128 KB ROM EXPANSION ROM FOR
/O BOARDS

OEOQOOH - EFFFFFH 64 KB ROM SYSTEM BOARD ROM
DUPLICATED AT FE0000

OFQ000H - OFFFFFI4 64 KB HOM SYSTEM BOARD BIOS
DUPLICATED AT FF0000

100000H - FDFFFFH 15 MB RAM EXPANSION RAM SPACE

FEOOOOH - FEFFFFH 64 KB ROM SYSTEM BOARD ROM
DUPLICATED AT 0E0000

FFO000H - FFFFFFH 64 KB ROM SYSTEM BOARD BIOS

DUPLICATED AT 0F0000

Figure 2-28 Memory address map
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I/0 Address Map

The 80286 CIPU defines an 1/O address map by dedicating ten address
bits, A(-AY, to address IKB of address space reserved for 1/0
instructions. The YO address map includes 1/0 addresses reserved for
spectlic devices in the expansion slots as well as dedicated system board
170 addresses.

DPedicated processor board 1/0 addresses are shown in Figure 2-29,

ADDRESS DEVICE
000H{ - OIFH DMA chip 1 (3237A-5)
020t - 03FH Interrupt controller 1 (8259A-2)
040H - 05F I RTC VLSI
0GOH - 06FH Keyboard controller (8742)
070H - 07FH RTC chip, DMA mask
080H - 05FH DMA page register (74LS612)
0AOI - OBFH Interrupt controller 2 (8259A-2)
0COH - ODFH DMA chip 2 (8237A-5)
L0 - 0EFH Reserved
OFOII Clear math coprocessor busy
OF 114 Resel malh coprocessor
0F8H - OFFH Math coprocessor
21911 Power-down NMI - NOTE: Applicable only to the

YA board.

Figure 2-29 Dedicated I/O addresses
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1/0 addresses reserved for specific devices in the expansion slots arc

shown in Figure 2-30.

ADDMESS DEVICE
1FOil - 1F8H Fixed disk controller
2004 - 20FH Game adapter
27814 - 27FH Parallel printer pont (secondary)
2FBI1 - 2FFi Sciial port (secondary)
300H -31FH Prololype card
330H - 35FH Reserved
360H - 36FH Reserved
378l -31FN Paralicl printer port (primary)
30011 - 30FH SDLC/BISYNG (sccondary)
390H - 39FH Reserved
3A0H - 3AFH SDLC/BISYNC (primary)
3B0H - 3BFH Monochrome CRT and parallel port
3Coi1 -3CFH Reserved
3001t - 3DFH Color/graphics CRT adapter
3EO0H - 3EFH Reserved
3F0H - 3F7H Flex disk adapter
3F8H - 3FFH Serial port (primary)

Figure 2.30 Roserved 1/O addresses
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CONNECTORS
SPEAKER CONNECTOR

The speaker connector, J4, is available for connection of an 8-ohm
speaker. Counter 2 of the timer drives the speaker. The pin-out is
shiown in Figure 2-31.

PIN # DESCHIPIION
1 SPEAKER SIGNAL (speaker -1erminal)
2 KEY
3 GROUND
4 +5 Volts OC {speaker +lerminal)
5 Volume conlrof (jumpeting pin 5 to pin 6 disables Ihe volume
circuilry)
6 Volume conlrol
Figure 2-31 Spcaker connector pin-out
BATTERY CONNECTOR

The battery connector, J2, connects an external battery to the
processor board for powering the Real-Time Clock chip and provides
an alternate connection for POWER GOOD. To support the battery
Lack-up mode of operation, +5 volts must be supplied to the DRAM
Controtler VIS chip and +6.3 volts to the Real-Time Clock chip. The
pin-out is shown in Figure 2-32.

PN # DESCRIPTION

sVOLTAGE (+Ballery vollage to RTC chip)

KEY

PGWER GOCD (Aclive high power goed signal) .
GROUWND (Logic ground)

54 +BATTERY VOLTAGE (Batlety voltage to DRAM and memory)
*NOTE: Applicable only to the PFR board.

DR -

Figure 2-32 Battery connector pln-out
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KEYBOARD LOCK/LED

SPEED INDICATOR CONNECTOR

The keyboard lack/LED speed indicator connector, J3, indicates
processor speed by the color of the LED (if a two color LED is used).
1t also prohibits keyboard entry while the system is unattended. The
pin-out is shown in Figure 2-33.

PIN # DESCRIPTION
1 LED ANODE (Higher speed indicalion)
GROUND
KEY
+INHIBIT KBD
GROUND
LED ANODE (6.0MHz operalion)

L2 T & R N S I (]

Flgure 2-33 Keyboard lock/LED speed indicator conneclor pin-out

KEYBOARD/POWER GOOD CONNECTOR

The keyboard/power good connector, JS, provides control signals to an
external keybourd and inputs a POWER GOOD signal from the power
supply. The pin-out is shown in Figure 2-34.

PiN# DESCRIPTION PIN# CESCRIPTION
ik +CLOCK 6 GROUND
2 1DATA 7. GHOUND
| POWER GOQOD 8 GROUND
4 +5VOLTS ] GROUND
5 NC 10 GROUND

Figure 2-34 Keyboard/power good conneclor pin-out
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EXPANSION RAM CONNECTOR

Conncector JMI is used for RAM expuansion above the 512K on the
processor board. 1t is a 36 pin header containing all the signals
required to support a 128K byte expansion board. Jumper strap JP3

and JP8 must be set properly 1o enable this option, refer to the Jumper

Strapping chapter of this manual. The pin-aut is shown in Figure 2-35,

PiNe SIGNAL DESCRIPTION PIN# SIGNAL | DESCRIPTION
i -EXP HAS DRAM RAS 2 MDo DATA BUS
3 -CAS 2 LO BYTE CAS 4 MD1 DATA BUS
5 -CAS 3 Hi BYTE CAS 6 MD2 DATA BUS
i WL WIUIE ENADBLE 6 MD3 DATA BUS
9 MAO DRAM ADDRESS 10 MD4 DATA BUS
i1 MA] DRAM ADDRESS 12 MD3 DATA BUS
13 MA2 DRAM ADDRESS 14 MD& DATA BUS
15 MA3 DRAM ADDRESS 16 MD7 DATA BUS
07 MA4 DRAM ADDRESS 10 MD8 DATA BUS
19 MAS DRAM ADDRESS 20 MDS DATA BUS
21 MAB DAAM ADDRESS 22 MD10 DATA BUS
23 MA7 DRAM ADDRESS 24 MD11 DATA BUS
25 -MEMR MEMORY READ 26 MD12 DATA BUS
44 PIYINLO LOW PARITY IN 28 MD13 DATA BUS
20 PTYINHI HEPARITY IN 30 MD 14 DATA BUS
Ji PTYQUTLO| LOW PARITY OUT | 32 MDH5 DATA BUS
a3 PIYQUIHL | HIPARITY OUT 34 B See Nole

a5 5V POWER 36 GND LOGIC GND

“NOTE: This signalls -RAS 1 for the NPFR board.
**NOTE: Pin 34 is connected to JPB, and can either be a fogic ground or the ninth
memory address MAB on lhe power fail recovery board. For lhe non-power fail

recovery board, itis o logic ground.

Figure 2.35 Expanslon RAM conneclor pin-out
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EDGE CONNECTORS

The processor board contains one 62 pin and one 36 pin bus
connector, The 62 pin connector (I'1), shown in Figure 2-36, provides
the signals required for 8-bit bus interface. The in-line 36 pin
connector {I°2), shown in Figure 2-37, provides the extra bus signals
required for 16-bit operation. The processor board is capuble of driving
cight 1/O slots. ;

The signals for the bus connectors stots and their corresponding pin
designations are listed below. The location of these connectors is
shown in Figure 1-1 or 1-2.

SIGNAL NAME PIN NUMBER SIGNAL NAME PIN NUMBER
GROUND B1 IO CHECK Al
+BRESET B2 +BD 7 A2
+5 VOLTS B3 +BD 6 Al
+|RQ9 B4 +BD S A4
-5 VOLTS B5 +BD 4 A5
+DRQ2 B6 +BD3 AB
-12VOLTS B7 +BD 2 A7
EXT_0wS Bo +BD 1 AB
+12 VOLTS B9 +BDO A9
GROUND B10 -I/0 CH RDY A10
-CMEMW B1 1AEN Al
-CMEMR D12 1BA19 Ai2
-lIOW B13 1BAIB A1l
-I0R B14 1BAL7 At4
-DACK3 B1i5 1BA1E A1S
+DRQ3 B16 +BAI1S Al6
-DACK1 B17 +BA14 Al7
+DRQ1 Big +BA1J A18
-REFRESH B19 +BA12 Al9
+BSYSCLK 820 +BAI11 A20
1IRQ7 B2 1OA10 A21
+IRQ6 B22 +BA9 A22
1|RQ5 B23 +1BAB A23
+|RQ4 B24 1BAT A24
+|[RQ3 B25 +BAS A25
-DACK2 B26 +BAS A26
+T/C ga7 +BA4 A27
+0SELALE B28 +BAD A28
+5 VOLTS B29 +1BA2 A29
+QSC Baoc 1BA1 Ad0
GROUND B31 +BAQ Al

Figure 2-36 62 Pin card edge conncclor, 8-blt bus Interface
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SIGNAL NAME PINNUMBER | SIGNAL NAME PIN NUMBER LOQIC_ Signals and Th?” Funclions
Logic signals and their functions are shown below.,
-MEM CS16 Dt BBHE Ci ! - . ) -
O CS16 02 EXPA2] c2 ( | SIGNAL I'YPLE  FUNCTION
D3 EXPA22 Cc3 o '
:lr:g:? D4 EXPA21 c4 +BRESET Out  This signal is the system reset.
IRQ12 DS EXPA20 cs ' "
RQI5 06 EXPA1Q C6 +IRQ3- +IRQIS In These signals are the interrupt
IRQ14 07 EXPA18 c7 request lines. Interrupt 9 has the
DACKO Do EXPA17 ce highest priority and interrupt 7 the
-rnnoo D9 -MEMR co lowest. The signal should be held
OACKS D10 MEMW Ci0 high until acknowledged by the
. bl
DRQS DIt BOoB Cit CPru.
-DACK6E D12 BDO0S ci12 o .
DRQSE D13 BD10 c13 +DRQO - +DRQ7 In Ihese signals are the DMA
-DACK7 Di4 BD11 Ci4 k request lines. +DRQ0O has the
oRar D15 BO12 Cis highest priority and +1DRQ7 the
45 VOLTS D16 BD13 C16 lowest. A request should remain
-BUS CNTRL D17 BD14 c17 active  (high) until the cor-
GAOUND D8 BO15 C10 , responding DACK is received.
( (

-DACKO - -DACK7? Qut These signals are the DMA
acknowledge lines. -DACK4 is
reserved for cascading the second
DMA controller.

Figure 2.37 36-Pin card edge conneclor, 16-bil bus interface

+T/C Out This signal indicates that a DMA
channel has reached its terminal
count.

-MEMW,-CMEMW I/O These control signals indicate a

processor or DMA niemory write
cycle, CMEMW is active only
when writing memory in the lowest
IMB.

2-41
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SIGNAL

-MEMR,-CMEMR

-10W
-10R

-I/OCH RDY

+0SC
1BSYSCLK

+ALEN

www/ tiiécoreme mory.com

TYPE

1/0

O

1/O

In

Out

Out

Qut

FUNCTION

This control signal indicates a
processor or DMA memory
cycle. CMEMR is active only whe..
writing memory in the lowest
1IMB.

This control signal indicates a
processor or DMA T/O write cycle,

This control signal indicates a
processor or DMA 1/O read cycle.

When this line is low (not ready),
the current memory or 1/O cycle is
extended until after this line goes
high (ready). The cycle is ex-
tended in multiples of clock cycles.
This line should not be held !

longer than 2.5 micro-seconds. (

This is a 14.31838 Mhz clock with
a 50% duty cycle.

This is the system clock speed. 1t
has a 50% duty cycle.

When this line is high, the DMA
chip has control of the bus.

SIGNAL TYPE
-J/JOCHCHIECK In
+BSELALE Qut
+BD0-BD1S 1/0
+BAO0-BA19 QOut
EXT_0WS In
-REFSH 1/0
-BUS CNTRL In

FUNCTIONAL DESCRIPHION

FUNCTION

This line is used to indicate that
there is an error on a device in the
expansion bus. Activating this line
results in an NMI interrupt to the
CPU. Memory expansion optians
commonly use this line to indicate
parity errors.

This signal is used to indicate
when the address bus is valid.
Processor addresses are latched on
the falling edge of +ALE.

These signals are the data bus.
These signals are the address bus.

The Zero Wait State signal
indicates that the present bus cycle
can he completed.  For 16-bit
devices OWS is generated by
anding a decoded address with a
read or write command. For 8-bit
devices OWS must become active
one CLK cycle after a read or
wrile command.

This signal indicates a refresh cycle
and is driven by the CPU or the
expansion bus.

This signal tri-states the system
boards address, data and control
signals allowing an external device
to gain control of the bus.
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SIGNAL

-MLEM CS16
-1/0 CS16

BOHE

EXPA17-23

wwvg.'fh‘%corememory.com

TYPE

In

In

I/O

Out

FUNCTION

This signal indicates a 16-bhit
memory cycle with 1 wait state(

This signal indicates a 16-bit I/O
cycle with 1 wait state.

This signal indicates a dala
transfer is occurring on BDOY-
BDI1S.

These signals allow the system
board a 16M byle address space.

Data and Control Signals
The data and interface contraol signals are compatible with standard
TTL. Input logic levels are defined in Figure 2-38.

FUNCTIONAL DESCRIPTION

VOLTAGE LEVEL (VOLTS)
BINARY LEVEL SYMBOL MIN. MAX.
logic 0 ViL 0.8
logic 1 Vi 20
Figure 2-38 Inpul loglc level voltages

BINARY LEVEL SYMBOL LOAD (MAX)

logic O ik -0.1 mA

logic 1 IIH 20.0 uA
Figure 2-39 Inpul loading characteristics

Output logic levels are defined in Figure 2-40.

VOLTAGE LEVEL (VOLTS)
BINARY LEVEL SYMBOL MIN. MAX.
logic 0 VoL 05
logic 1 VOH 2.4

Figure 2-40 Outpul logic level voliages

Loading characteristics for the input signals are shown in Figure 2-39.
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Loading characteristics lor signals BAT-19, OSC and BBIIE are shown
in Figure 2-41,

BINARY LEVEL SYMBOL LOAD (MAX)

logic 0 VOL 24.0mA
logic 1 10H -2.6 mA

Figure 2-41  Signals BA1-19, OSC, and BBHE loading characlerislics

Loading characteristics for signals +BRESET, +AEN, BSELALE, BD(-
15, -10W, -10R, -MEMW AND EXPA17-23 are shown in Figure 2-

42

BINARY LEVEL SYMBOL LOAD (MAX)

lagic 0 IOL 24.0 mA
logic 1 IOH -15.0 mA

Figure 2.42 Signals «+BRESET, +AEN, BSELALE, BD0-15, -IOW, -I1OR,
-MEMW, AND EXPA17-23 LOADING CHARACTERISTICS

Loading characteristics for signals BSYSCLK, -REFRESII, -CMEMR,
-CAENMW, MIENMR AND BA( are shown in Figure 2-43,

BINARY LEVEL | SYMBOL | LOAD (MAX)

logic 0 10L 48.0 mA
logic 1 IOH -15.0 mA

Figure 2-43  Signals BSYSCLK, -REFRESH, -CMEMR, -CMEMW,
MEMR, AND BAO loading characleristics

2:-10
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FUNCTIONAL DESCRIPTION

Loading characteristics for signal T/C are shown in Figure 2-44.

DINARY LEVEL SYMDBOL LOAD (MAX)

logic 0 1oL 8.0 mA
logic 1 IOH -0.4 mA ’

Figure 2-44 Signal T/C loading characteristics

Loading characteristics for signal -REFSIT are shown in Figure
2-45.

BINARY LEVEL SYMBOL LOAD (MAX)

logic 0 IOL 8.0 mA
logic 1 I0oH -8.0 mA

Figure 2-45 Signal -REFRESH loading characterislics

2-47
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SYSTEM TIMING

Figure 2-46 rellects the system bus timings, in nanoseconds, at the bus

connectors or the VLST oulputs.

SYM | PARAMETER 6.0 MHz 8.0 MHz 10.0 MHz
MIN MAX MIN MAX MIN MAX
! SYS Clock Peiiod 83 250 62 250 50 250
2 5YS Clock Low, 20 250 15 225 i 232
3 5YS Clack High 25 230 25 235 10 239
4 RO Dala Sctup D8-15 : 20 20 18
RD Dala Sel up DO-7 30 30 28
5 1D Data Hold DB-15 15 15 20
fil Data Hold DO-7 25 25 206
G Heady/ Sctup lime 50 3] 26
7 Ready/ Hold line a5 25 25
8 Stalus PEACK/ valid 1 55 1 45 i 28
Skilus PEAGKS inaclive 1 a0
9 Addiess valid delay 3 70 3 70 4 57
10 WH data valid dulay 3 60 K] 60 3 50
11 Addiess,slalus,data 0 80 0 50 0 47
floal delay
12 HLDA valid delay 0 ao 0 50 0 47
12a | Addiess valid lo kel 27
stalus valid set up
13 SROY/,SHDYEN/ set up| 25 17 15
14 SADY/SHDYEN/ hold |0 1] 0
15 ARDY/ ARDYEN/ sclup | 5 0 0]
16 ARDY/ RDYEN/ hold 30 30 30
17 PCLK dulay 0 43 0 45 0 35
18 ALE aclive 3 25 3 20 3 16
19 ALE inaclive 35 25 19
20 CMDBLY selup 25 20 15
21 CMDLY hold 1 1
22 CMUOLY inaclive 24 24 24
23 CMODLY aclive 24 24 24
24 DT.R/ 1ead active 40 25 23
25 O 8/ read inaclive 5 45 5 KLY 5 20
26 DEN read active 5 50 5 35 5| 3
27 DEH read inaclive 3 40 3 35 3 21
28 DEN wiile aclive 35 30 23
29 NEN wiile inactive 3 a5 3 ao 3 19

Figure 2-48 Syslem bus imings

wwwsthgcorememory.com

FUNCTIONAL DESCAIFPTION

The systen timing diagram is shown in Figure 2-47.
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ROM BIOS

The on-board BIOS system firmware resides in two Rom chips, U27
and U30, located on the top left of the board. Both High byte and Low
byte components are identilicd in Figure 1-1 and 1-2. This firmware
provides maximum compatibility and supports MS-DOS, CP/M-86,
and the existing standand application software base.

SETUP

Setup is a utility packaged with the ROM BIOS. It is a menu driven
utility that reinitializes CMOS memory. If the memory or attached
device configuration is changed, SETUP should be run. If a condition
is detected during power-up which requires CMOS to be reinitialized,
a4 message appears on the screen stating that SETUP should be run.
The Diugnostic chapter of this manual describes how to run SETUP.

wwiirthecorememory.com
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Chapter 3

Switches, Jumpers,
and Adjustments

SWITCH SETTINGS

Switch settings for the video display are shown in Figure 3-1.

PRIMARY VIDEO DISPLAY TYPE SWITCH S1
Monochrome (80x25) Slide toward switch 52
Color/Graphics Slide 1oward reslstor R1

Figure 3-1 Video display switch scilings

JUMPER STRAPPING

Some of the options on the processor board require the use of
programming straps. The following puragraphs outline the use of these

straps.

HIGH PERFORMANCE OPTION

Jumper JP1 selects the high performance mode, zero wait state, of
operation. When JP'1 is strapped to pin 2-3, the processor board will
operate with zero wait states. This mode of operation requires lower
access time ROM/EPROM and RAM devices.

3-1
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ROM/EPROM SIZE SELECT

Strapping for the ROM/EPROM size sclect is shown in Figure 3-2.

ROM SIZE JUMPER PINS
16K x 8 Ji 1-8 and 2-7
32K x B J1 3-6 and 4-5
1GK D Devarn I2KsB Newie
Pin1 Oo|<—2>]0 8
2 o|l<—>]0 7
Pin 3 (—>J]o 6
4 {—>]0 5

Ji

J

Figure 3-2 ROM/EPROM size select strapping

DESCRIPTION OF JUMPERS (NPFR)

Jumper strapping for the non-power fuil recovery board is defined

in Figure 3-3.

OPTION STRAPS JUMPER 1-2 JUMPER 2-3
JP1 0 WAIT STATES ENABLE 1 WS ENABLE 0 WS
6-0 MHz ONLY
JP2 6-0MHz/10MHz FOR 10 MHz FOR 6-8 MHz
OPERATION OPENATON
JP3 256K/512K ENABLE 512K ENABLE 256K
SELECT ON BOARD ON BOARD
JP4 DISABLE ALL ENABLE RAM DISABLE RAM
RAM MEMORY
JP5 120K SELECT ENABLE 128K DISABLE 128K
EXPANSION EXPANSION
CONNECTOR

SWITCHLS, JUMPEHS, AND ADJUSTMEN:

SPEED SELECTION SWITCH

Jumper strapping for the initial power-up speed is shown in Figure 3-4.

POWER FAIL PROTECTION MODE (PFR)

Speed Jumper Pins

6 MHz S2 2-3

10 MHz 52 1-2
Figure 3-4 Inilial power-up speed strapping

For normal power fail protection, the jumper straps should be

configured as shown in Figure 3-5.

NOTE: This information applies only to the power fail recovery board.

Jumper Pins Elfect
J6 3.2 Dedicated crystal Inpul to DRAM VLS| enabled.
J7 3-2 Batltery Power connection.
JP8 1-2 Ground pin 34 on plggyback conneclor.
JP9 3-2 Extra power fail delay disabled.

Figure 3-3 Processor board jumper strapping (NPFR)

www.thecorememory.com

Figure 3-5 Power (ail proleclion strapping (PFR)
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NON-POWER FAIL PROTECTION MODE (PFR)
For operation without the Power Down RAM Protection, Figure 3-6
shows the jumper straps that should be connected.

NOTE: This information applies only to the power fail recovery board.

Jumper Pins Eflect
J6 1-2 Crystal inpul to DRAM VLS from RTC
J7 1-2 Normal Power connection.
JP8 1-2 Ground pin 34 on piggyback conneclor.
JP9 3-2 Exira power fail delay disabled.

Figure 3-6 Non-power fail proteclion strapping (PFR)

MEMORY CONFIGURATION (PFR)

Memory conliguration jumper strapping is shown in Figure 3-7.

NOTE: This information applies only to the power fail recovery board.

JP10 JP4 MEMORY SIZE
1-2 1-2 0 RAM AVAILABLE
23 1-2 256KB RAM AVAILABLE
1-2 23 512KB RAM AVAILABLE
2-3 23 2MB RAM AVAILABLE

Figure 3-7 Mcmory configuration slrapping (PFR)

Normal setting of JPT0 and JP4 should be for 512k RAM.

JPS should be set to 2-3 since this board normally uses 250k RAMs.

JP3 should be set to 1-2 if the 128k piggyback expansion board is not
used. Otherwise it should be at 2-3.

wivw.thecorememory.com

SWITCHES, JUMIPERS, AND ADJUSTMENTS

WAIT STATE SETTINGS (PFR)

Wait state jumper strapping is shown in Figure 3-8.

NOTE: This information applics only to the power fail recovery board.

STRAP 6/0MHz,1WS 6/6MHz,0WS 6/10MHz,1WS
JP1 i-2 2-3 1-2
JP2 23 23 1-2

Figure 3-8 Wait stale strapping (PFR)

EXTENDED REFRESH (PFR)
If the memory chips used have an extended refresh capability, the
jumper JP6 should have pins 1-2 connected. Otherwise, pins 3-2

should be connected.

NOTE: This information applies only to the power fail recovery board.
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DESCRIPTION OF JUMPERS (PFR)

Jumiper strapping for the power fail recovery board is defined in Figure
3-9.
OPTION STRAPS | JUMPER 1-2 JUMPER 2-3
JiPi 0 WAIT STATES ENABLE 1 WS ENABLE 0 WS

6 6 Miiz ONLY

JP2  &-B8MHZHOMHz

JP3 128K SELECT

JP4 MEMS2
JPS  MEM MAP

JP6  REFSHRATE

JP7  ADV DECODE*

JPB MAB SELECT

JP9  EXTRA POWER

- DOWN DELAY
JP1O MEMSI
J7 BATTERY
CONNECTED
Jb 0scC

ENABLE 10 MHz
SWITCH

ENABLE 128K
EXPANSION

Sce Figure 3-7

2 MEG PHYSICAL
ADDRESS SPACE

EXTENDED
POWER FAIL
REFHESH TIMING
DISABLE
ADVANCE
DECODE

EXTRA GROUND
ON 120K BRD.

NO EXTRA
DELAY

Sce Figure 3-7
NO BATTERY

FROMRTC

DISABLE 10 MHz
SWITCH

DISABLE 126K
EXPANSION CONNECTCR

Sce Figure 3-7

1.640 MEG PHYSICAL
ADDRESS SPACE

NORMAL SYSTEM SPEED
POWER FAIL

REFHESH TIMING
ENABLE

ADVANCE

DECODE

SENDS MEMORY ADDRESS
MAGB TO 128K EXPANSION

74ALS121 ADDED
DELAY

See Figure 3-7
BATTERY CONNECTED

FROM CRYSTAL

* Reler 1o 1ha DRAM Conirolier VLSI seclion for more detail.

Figure 3-9 Processor board Jumper sirapping (PFR)

3-6
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SWITCHIES, JUMPERS, AND ADNISTMENTS

ADJUSTMENTS

The processor board contains an adjustable capacitor VC1 to trim the
14.318 M1z clock. This clock is divided by four to generate 3.579M1 Iz
required for color burst synchronization with color televisions.
Capacitor VCI should be adjusted to cause 14.318MHz + 50011z at
B3() on the 1/0 bus connectors, ’

The board also contains an adjustable capacitor for the Time of Day

clock. This capacitor, VC2, should be adjusted until 32.768K 11z + 21z
is measured on U63 pin 63.

3-7
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Chapter 4

Diagnostics

LEVEL 0 DIAGNOSTICS

This chapter describies the level () diagnostic tests performed at power-
up. These diagnostic routines reside in ROM and are helpful in
detecting defective components. Normal and error messages that may
be displayed are shown. Error codes (testpoints) that are output
through the processor board port 8011, DMA page 0 register, are also
listed.

The following devices are helpful when running level 0 diagnostics:

o Diagnostic plug-in LED test board -- This board plugs into an
expansion slot. It has cight LEDs to indicate the test error code
and three to indicate voltage, This board, part number 017-
0035850, is available from an NCR Worldwide Service and Parts
Center.

o Video display

o Keyboard

CAUTION

Only personnel that have experience with multi-layer boards
and Surface-Mount Technology (SMT), and have access to
specialized desoldering/soldering equipment required to support
SMT, should attempt to replace defective components.
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LEVEL 0 DIAGNOSTICS MESSAGES

Two forms of Level () Diagnostics messages are provided:

e "Beeps” from a speaker
o Video display messages

Speaker Beeps
Speaker beeps provide the following information:

e Iive short beeps indicate a fatal error and the system halts.

o Three short beeps indicate a non-fatal error and the system
continucs to run.

e One long beep indicates successful completion of Level 0
Diagnostics. 1 the signature *CA’ is present in the first two bytes of
arom at segment address E000MH, control is given to that rom. I a
rom is not installed at that address, control is given to the boot
vectoer, interrupt 1911

Video Display Messages
Diagnostic routines display test names and system messages in upper-
case characters and error messages in initial caps lower-case characlers.

LEVEL 0 DIAGNOSTICS PHASES

Tlhree phases of Level 0 Diagnostics are performed:

e Initial processor board diagnostics -- verifies that the board is

functioning properly.
e System test and initialization -- tests and initializes system boards

for normal operation.
o System confliguration verification -- compares delined confliguration
with actual hardware.

www.théecdrememory.com

DIAGNOSTICS

Initial Processor Board Tests

Before Level 0 routines load the operating system, they make some
basic checks on the processor board. If they detect an error, the system
attempts to sound five beeps and to display one of the following error
messages.

System Port Error
The 1/O Port at address 611 was read and verified as defective.

System ROM Error
The sumcheck of the processor board ROM BIOS is not correct.

DMA Page Register Error
DMA Page Repister verification failed.

Timer Error
Timer failed.

Refresh Error
The refresh logic did not provide refresh pulses.

0-64KB Ram Error
An crror was detected in the first 64KB of RAM.

Bus 8 - 16 Error
The 8 bit to 16 bit bus converting logic failed.

Interrupt Controller Error
The interrupt mask registers do not verify.

8742 Controller Error
The 8742 sclf-check failed.

CMOS Ram Error
The Real Time Clock Controller failed.

Protected Mode Error (System 11alt)
The protected virtual memory in the 80286 failed.
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NOTE: The system halts after five beeps or after any of the above
ICSSages or errars.

Primary CRT Error
The video monitor indicated by the MPB jumper block is not
correctly set.

When the initial level 0 diagnostic tests have run successfully, the
following status message is displayed and additional processor board
lests are then initiated to verify and initialize the installed system
hardware.

MAIN BOARD DIAGNOSTICS COMPLETE,

Test and Initialize:

After the initial phase, the Level 0 diagnostic routines determine what
system hardware is installed and test and initiatize that hardware. They
display test messages throughout this phase to show progress. Test
names, preceded by an underscore (), are displayed at the beginning
of the tests. When a test fails, the system stops and/or attempls to
sound five beeps and to display an error message.

_DMA CONTROLLERS
Both IDMA Controllers are tested and initialized.

_TIMER ZERO
Timer zero is tested.

_INTERRUPT CONTROLLERS
Both Interrupt Controllers are tested and initialized.

www4dhecorememory.com

DIAGNOSTICS

_MEMORY
The rouline conducts the memory test in 64K DB increments. In normal

operation, the upper boundary of the bank of memory tested is
displayed as shown in the following.

BASE MEMORY TEST
uxxx K2

EXPANSTON MEMORY TEST
xx KB

TOTAL MEMORY XXXX KB

The routines test the entire memory. Base memory is normally
memory below 640K DB; expansion memory is the memory area above
IMB. The memory from 640KB to TMB (for example, CRT RAM and
add-on ROM) is tested during other tests. The amount of good
memory is shown by xxxx KB, in steps of 64KB. Total memory is the
sum of base memory and expansion memory.

The following representations are used in the memory error display
examples.

o xxxx = Address of abserved memory error
e cecce = Expected data
e oooo = Observed data

xxo0x Memory Error Bit ecee o000
One or more bits of a memory cell are faulty.

xxxxxx Memory Error Address ecee 0000
An error has been detected in the address test.

xx0000 Memory Error Parity
A parity error has been detected in a 64KB memory bank.

Memory Address Error (System Halt)
An address error for address lines A16 - A23 has been detected. This
is a fatal error, and the system stops processing.
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_KEYBOARD Disk A Error
The keybourd interface is tested to verify that a compatible keyboard is Access Lo disk drive A failed (controller or drive error).
attached. Also, the keyboard performs a self-check-test and

initinlization. When an error is detected, the system displays one of the [ Disk B Error
following error messages. Access to disk drive B failed (controller or drive error).

Keyboard Clock Line Error 1 Tlex Controller Ercor
Keybourd clocking is not functional. Error on flexible disk drive controller.
Keyboard Controller Error FIXED DISK

The fixed disk controller is tested and initialized. If an error is

The keyboard controller does not accept keyboard commands.
detected, the routine displays one of the following error messages.

Keyboard Interface Error

The keyboard controller can not control the keyboard interface lines. Disk 0 Failure
Disk drive 0 configured, but not present.

xx Key Code Received

The system received a unexpected scan code from the keyboard: xx is Disk I Failure
the received scan code. Disk drive 1 configured, but not present.
Keyboard Error ( _, Disk 0 Error

: : Disk not formatted, or controller error.

The keybourd fuiled the self-check test.

System Keylock is Locked DISK 1 ERROR
The Keyboard Tock is in the locked position, Disk not formaltted, or controller error.

Press <F1> IF IIARDWARE SETUP 1S DESIRED _EXTERNAL ROMS xxxx

This is a prompt to remind the user that entering <F1> on the This message appears only when an external ROM is installed.
keyboard causes the system to execute SETUPR of CMOS RAM.
xaxx ROM ERROR

NOTE: If a "D is pressed at this time, Level 1 Diagnostics will be The external ROM checksum is not correct: oxx is the code scgment

exceuted at the completion of level 0 diagnostics. address of the ROM.
_FLEX DISK _ 80287 COPROCESSOR INSTALLED
The flex disk controller and drives are tested and initialized. The heads Coprocessor is installed.
of drives are moved; however, bit read or write cycles are not
performed. If an error s detected, the routine displays onc of the _ 80287 COPROCESSOR NOT INSTALLED
following messages. ] Coprocessor is not installed.

wwiréhecorememory.com 25
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System Configuration Verificalion

Alter the diagnostic routines initialize the system, the routines
compare actual hardware found with the definition of expected
hardware contained in battery-protected CMOS memory. I they are
the same, Level 0 Diagnostics are complete. If they are different, the
system displays one of the following messages for each error and then
displays the SETUP message. !

% Nuttery Power Lost (Run SETUP)
Battery power has been fost. Reconfigure the system with the Setup

Utility.

** Conliguration not Sct (Run SETUD)
T'hie conliguration of the system is not sct correctly.

*“* Time & Date not Set (Run SETUP)
The Real-Time-Clock does not run.

** Memory Size Error (Run SETUP)
Detected and configured memory sizes do not agree. Check the
memory configuration in the CMQOS RAM.

** Nisk Conliguration not correct
Disk configuration in CMOS and detected disk configuration in
Level ) do not agree.

*%* Check Keyboard (System Ialf)
The keyboard does not function properly.

“* Unlock System Keylock
The system is locked, unlock and restart with Kkeyboard

available.

Press <F1> for SETUP or <ENTER> to go on

wwwathecorememory.com

DIAGNOSTICS

SETTING THE SYSTEM CONFIGURATION

The system has a battery that malntains a part of ROM memory and
the time-of-day clock. This memory provides time, date, memory and
altached device information to the systent.

SETUP is the name of a resident utility that initializes configuration
data in this memory. This memory is initialized during assembly so that
the system can be used for the first time.

During system startup, at the completion of Level 0 Diagnostics, the
contents of the ROM memory are checked for changes. If a change is
detected, the system asks if reinitializing is desired. Pressing <F1>
automatically exccutes the SETUP utility. Once the data is initialized,
it is battery maintained even while the computer system is turned off.

When the battery must be replaced or a change is made in the
configuration of memory or attached devices, press <F1> to exccute
the SETUP ulility to rcinitialize the configuration data to the current
values.

The SETUP utility is made up of a series of easy to understand
displays which:

set the date and time

define the flexible disk drive configuration
define the fixed disk drive configuration,
define the base and extension memory sizes,
define the primary video display adapter
define the screen width

0O 0 e o o0 o

The upper portion of the SETUP screen, as shown in figure 4-1,
contains three sections. Each device that can be connected to the
system is shown on the left-hand third of the screen. The center third
of the screen defines the current settings for each of these devices.
Following a change to a current setting, the right-hand third of the
screen contains the "New settings” for each change.

4-9
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In the lower midsection of the screen are two windows. These windows
chunge contents as the up and down arrow keys are used to move the
indicator at the left of the device list from one device to another. The
right-hand window contains the format of data, or data choices to
describe ecach device. The left-hand window is where the entered input
datais shown. After descriptive data is entered and <ENTER> is
pressed, the new data is shown under "New settings” in the upper right-
hand third of the screen. '

NCR PC Setup, Version 2.0

Device Curmrent settings New settings
> Date 6-13-1986

Time —e:41:27

Flexibile disk A: 720KB, 3.5

Flexible disk B: Not instaled )

Fixed disk C: Not Installed

Fixed disk D: Not installed

Base memory 640KB

Expansion memary OKB

Primary display Graphics display adapter

Screen widlh B0 Columns

—=_=__ _Date Format for sntry of date:

Month — Day — Ysar [2]

(Date will be setl immediately)

~ Move up a selection ESC Exit without changes
v Move down a sslection 13]
<~ Enter the new setting END Save the changes and exit
L. -

Figure 4-1 SETUP menu

For example, Figure 4-1 shows the Date selected. The lower-right
window shows the date format to be Month - Day - Year. The lower-
left window is set to accept a date such as, 10-23-86.

4-10
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DIAGNQSTICS

TESTPOINTS

At the start of each test, the level 0 diagnostic routines load a testpoint
number into the systzm. This number remains in the system until the
diagnostic routines successfully complete the related tests.The
following scction describes how to read test points for troubleshooting.

~icading Testpoints

If the system fails to load operating system software and does not
display a message, Level 0 Diagnostics outputs an error code (testpoint
number) to address 80H. These codes can be monitored with a
diagnostic test LED board. It has 8 LEDs to indicate the code in
binary form (ON = 1) and three LEDs for voltage indication. Figure 4-
2 shows the board and location and arrangement of the LEDs.

| I

K high
LED's I 1 i T T T T T T
+6WC — ] T T 1ol
+12V0C ——— | '1 2 4 8 1 2 4 El LED Blnary Code #
-12 VOC |~ LEVEL 0 cODES | oo

Flgure 4-2 Diagnostic LED tes! board {componenl side up)

If the diagnostic test LED board is not available, use a voltmeter to
test between ground and Pins 2 through 9 (ON=high) of the 62 pin
edge connector (I'1) on the processor board. Pin 2 is the lcast
significant digit (corresponding to LED 0) and Pin 9 is the most
significant digit (corresponding to LED 7).

4-11



The Core Memory Project

Testpoint Code Numbers
The following list shows all testpoint ¢ode numbers.

CODE

01
(2
03
04
05
06
07
08
0y
DA
0B
0c
on
e
O0F
10
11
12
13
14 -1F

20
21
22,
23
24
25
26

27 - 2F

TLEST

CPU Register Test

System 1/0 Port 61H Test

ROM Checksum

DMA Page Register Test

Timer 1 Test

Timer 2 Test

Refresh Logic

Busic RAM Test

Bus Converting Logic 8 (=) 16 Bit
Interrupt Controller 1 Test Address 20H
Interrupt Controller 2 Test Address AQH
Checksum of 8742 Controller (U37)
CMOS RAM Verify Test

Test Battery Power Lost

CMOS Configuration Checksum
Protected Mode of CPU 8()286

CRT Configuration

Initialization and Test of CRT Controller
Primuary CRT" Controller Error - Test Second Controller
Reserved

Board Test Minimum Complete

DMA Conlroller 1 Test Address 00H
DMA Controller 2 Test Address COlT
Timer Zero

Initialization of the Interrupt Controllers
Wait for Unexpected Interrupt

Wait for Expected Interrupt

Reserved

.19
ww(m.’thecorememory.com

30
31
32

35 -3F

40
41
42
43
44
45 -4F

50

51

52
53=8F

i

0l
63
64 - 6FF

70
71
72
3
74
%
76
77-7F

FO
Fl

k. FF

DIAGNOSTICS

Memory Size Base Memory
Memory Size Extension Memory
Address Test A16- A23

Basec Memory Test

Extension Memory Test
Reserved

Keyboard Enable/Disable
Keyboard Clock and Data Test
Send Reset Command to Keyboard
Wait for Reset Answer

Set Address A20 to Zero

Reserved

Write Hardware Interrupt Vectors
Enable Timer Interrupt

CA ROM Installed Test

Reserved

Flex Controller and Drive Test
Test Fix Flex Controller
Initialization Flex Drives
Initialization Fix Drives
Reserved

Test Real Time Clock

Set Real Time Clock

Parallel Interfaces

Serial Interlaces

Look for External ROM Drivers
Coprocessor

Enable Keyboard and RTC Interrupt
Reserved

Display System Messages

System Code on Address EOOOOH
Bootstrap System Loading
Reserved

4-13



The Core Memory Project

Contents

Integrated
Circuit Component
Pin-Out Configurations

Integrated Circuitl
Component Pin-Qut Configurations ...v.ovvevvennonserenrnnn 5-1

www.thecorememory.com



The Core Memory Project

www.thecorememory.com

Chapter 5

Integrated
Circuit Component
Pin-Out Configurations

The foilowing diagrams present the pin-out identifications for all of the
integrated circuit components used in the NCR 286 Card.
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Specifications

Specifications for the processor board and its components are
presented in the following pages.
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PROCESSOR BOARD

INTEL 80286-10 MICROPROCESSOR

16-megabyle address bus

16-bit data bus

16-bit registers

Integrated memory management
FFour level memory management
High bandwidth bus interface
Two operating modes:

= Real Address mode

- Protected Virtual Address mode
large address space;

- 16 megabytes physical

- One gigabyte virtual per task

8259A-2 PROGRAMMABLE
INTERRUPT CONTROLLER

Light-level priority controller

Expandable to 64 levels

Programmable interrupt modes

Single +5V supply (no clocks)

NMQOS construction

Input current: 8SmA

Input voltage: Signal 0.8V low, Vec+0.5V high
Surface Mount Technology

82288 BUS CONTROLLER

Three status lines

Surfuce Mount Technology
NMOS construction

Single +5V supply

8237A-5 PROGRAMMABLE DMA CONTROLLER (2)

Four independent channels

Designed for use with an external 8-bit address register
64K address and word capacity on each channel
Cascaded to 16-bit trunsfcrs

Sutfice Mount Technology

www.thec6rémemory.com

SPECIFICATIO

27256 ERASABLE/PROGRAMMABLE
READ-ONLY MEMORY (EPROM)

e 32K byte storage capacity

e Two-line control

¢ HMOSII-E construction

o Maoisture resistant .

TMS4256-12 DYNAMIC

RANDOM ACCESS MEMORY (DRAM)
e 256K x 1 bit format

N-channel, SMOS construction

Power consumption: 1W

Surface Mount Technology

Access time: 120ns maximum

Input voltage: Signal 0.8V low, 6.5V high

o @ 8 o O

PROCESSOR BOARD INTERFACE

o Type: 62-pin standard 1/0 channel card edge
36-pin standard I/O channel card edge

o Power: Supplied via 62-pin and 36-pin connectors
+5VIDC @ 2.25 amps

8742 UNIVERSAL PERIPHERAL

INTERFACE MICROCONTROLLER

o 8-bit CPU with ROM, RAM, I/O, timer/counter, and clock

© 2048 x 8 ROM/EPROM, 128 X 8 RAM, 8-bit time/controller, 1t

programmable /O pins
¢ One 8-bit status and two data registers for asynchronous slave-to-
master interface

SN74LS612 MEMORY MAPPER

¢ Paged memory mapping
e 3-state output
e Expands four address lines to 12 address lines

6-3
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DRAM CONTROLLER VLSI

e 256K x 1 bit format

e Dattery backup - provides refresh to battery supported system
DRAM when power is removed (PFR board only)

e Powcer up/down resct timer (PFR board only)

o Input voltage: Signal 0.8V low, Vcc high

RTC VLSI

¢ Two operating modes

o Programmible Real Time Clock with static RAM and battery
backup capabilities

o Programmable counter/timer functionally equivalent to Intel 8254-2

o Gluelogic

o Input voltage: Signal -3V low, 7V high

CPU VLSI

e CMOS construction

o Giue logic

e Systcm clock and control signal generation
e NMI control

¢ Shut down logic

wwwifecorememory.com
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Logic Diagrams

Logic diagrams for the power fail recovery processor board are
presented in the following pages.
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Logic diagrams for the non-power fail recovery processor board are
presented in the following pages.
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