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1. INTRODUCTION

L1 Primary Objectives
The main purposc of this d is to provid ial information about the Hardball core I/O
subsystem from an external viewpoint.

The main design objective for the I/O subsystem is to provide a competitive, high performance, low cost on-
board 1/O subsystem for Hardball.

1.2 Differences between Cobra/Coral I/O subsystem and Hardball I/O
subsystem

1.2.1 Added Features
fast/wide SCSI

FDDI(optical)
stereo/CD quality audio

FIFO chip control(Shortstop ASIC replaces 245's and 646's and contains FDDI and.
fast/wide SCSI buffers for DMA)

12.2 Deleted Features
interval timer

serial 3 port

domain keyboard

test connectors

13 Feature Summary

The following is a list of the features on the I/O subsystem:
® Viper (memory interface)

® SCSI (DMA)

® Fast/Wide SCSI (DMA)

® Parallel Port (Bidirectional with ScanJet support, DMA)
® Two General Purpose RS-232 Ports

® LAN (DMA)

HEWLETT-PACKARD
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FDDI(optional)

e HP-HIL

® Audio(CD/stereo quality)

® 512Kx8 ROM

® Real Time Clock (RTC) w/Lithium Battery Backup
o 8Kx8 EEPROM

© Front panel status LED register loading capability.(This is different
then the way it was done on ASP)

® 1/0 subsystem status register is readable

@ Sevice/Normal bootup switch

@ Sevice/Normal switch and TOC front panel switches arc readable.
© SPU ID (LAN ID is in EEPROM, fallback HP-HIL module)

HEWLETT-PACKARD
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2. I/O SUBSYSTEM OVERVIEW

2.1 Functional Organization

Rcfettothe"Hndbaﬂl/OSubsynemDaﬂPﬁthcthpm"htheDhmsseaionoﬁhkdomem
for the following discussion.

For this discussion, "IOSS" stands for "1/0 Subsystem”.

In the 10SS there are four buses, three local data busses and an address bus. FDDI and LAN sit on the iolf
data bus; SCSL, fast/wide SCSL, audio, and the status register sit on the iodbig data bus; the rest of the
subsystem sits on an 8 bit iod bus. Dependingonthespedﬁcrequiremennsoftheblock,theymy.ofmy
not, use some portion of the address bus.

The core 10SS is attached to the Standard Graphics Connection (SGC) bus. Data communication passes
thronghmASlC(Shormop),whichhumseuof 32 bit bi-directional tri-state buffers. Only one set of the
32-bit buffers will be driven at a time onto the SGC bus. I/Oaddmnespmthrou@awbi(bi-direcﬁonl
ui-stuenginer,makingtheIOSSapableofperforminngMAopenﬁm

If y, byte add _;,dwingDMAopmﬁmisdmemgetimomdaﬁgnmmortoﬁnhhoﬁa
tﬂnsferwhichdoesnotendonawordbomdary.mauoﬁDMA ller aut ically handles word
alignment.

"Cutoff” is the heart of the IOSS. Its main functions are IOSS address d ding, bus arbitration, interrupts
and data flow control Cmoﬂ’interﬁeeswithIper.thesys(emI/OeonndleruweﬂaswiththnlOSS
devices.

Snbmdbytenddresﬁngwby&ehoukhmdbdthougb&e%pullommmmmm
with Cutoff. Wperisno(maﬂywnsideredpaﬁof!helOSSbﬁisdkmswdbeamofhshnpoﬂam
control interaction with Cutoff.

HEWLETT-PACKARD
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2.1.1 Byte and Bit Ordering; Big Endian, Little Endian

PA-RISC instruction set bit and byte offsct numbering:

:)Lllllllh sl [ [ [ [T losfal [T TIn[aal TTTTTIat
1

2 3

SGC and 1OSS bit and byte offset numbering:

(0] [ ] ]| [ foafs| J [ ] 1] Joefas{ [} ]TTT8[7]TT]TTo
3

0 1 2

Wwwmm@mwmwwkwwmmssmmm,n
thw&wt;gmlgsnswfsrumﬁhmmpmmﬂymm&emdmmdmbdmm
them to .

Other exceptions are found with respect to the SCSI register access. See "Effects ing” i
o n register of data byte swapping” in

2.2 Viper Interface :
The’sipalsneededbytheeore-l/OtointerfaceloVnpermandeﬁnedinthestandardSGCbus

spe.uﬁafio?emeptfortheinmp(reqwdm The int is asserted by Cutoff on behalf of the
@mm&&em-lgommmﬁnkduwmua@umwmoﬁs
HEWLETT-PACKARD

Version 1.1 HARDBALL 1/0 ERS Page 7

3. STANDARD GRAPHICS CONNECTION (SGC)

_HardbaﬂOoreI/OconformstotheVSC(Vipe:Syst:mConm)spedﬁuﬁon.

3.1 Signal Definitions
For SGC Bus signal definitions, please refer to the Standard Graphics Comnection Specification, Revision L1
3.2 Transaction Types
There are no phores to 1/0 devi None of the devices have local caches, so cache coherent reads
and writes are not supported. ltispossiblethateorcl/Odevimwﬂlre'adorwritedanwkhaﬂ

combinations of contiguous valid bytes. Core I/O bus master devices may pipel i Core 1/0
does make use of burst mode.

33 Bus Arbitration

MmmbmmmwhhhmbMAm&cml/OmuN.mwmm
fast/wide SCSI, Rapid Harmless DMA and FDDL Qnoﬁwmmmsecgmpdmﬁ
wmemmzommfmmm If multiple bus requests happen simu Ys
Cmoﬁwﬂlarbimesccfotonlyomﬁmemdaﬂowtheabmedcvicsmmuthcb\umdmgtom
priority. Howem,ifthclmsgnntsignilistakcnmy&om&:wﬂinthemiddleofaDMAmnsfer,thn
Cutoff will arbitrate for the bus again for the next DMA transfer. In addition to the normal bus request and
busmsigmlsonSGC,Cmoﬂ'ahomﬂimtthISArdreshcydes. This means Cutoff will master the
SGC bus while EISA cards are in the refresh cycles.

HEWLETT-PACKARD
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4. CUTOFF I/O CONTROLLER ASIC ( AsP 2)

4.1 Introduction

"CUTOFF" is the coatroller ASIC chip for the I/O subsystem and interfaces with the “Viper™ controller and
the SGC bus. Besides control functions, it also contains registers for subsystem interrupts, a DMA channel
for the Parallel Printer Interface scan path logic, some Parallel Printer Interface related logic including a 32
byte bidirectional FIFO, SGC bus address decoders, and other miscellaneous registers.

4.2 External Signal Definitions

43 Direct Memory Access (DMA)

Inside the NCR 33C700, SCSIicontroller, there is a bus master DMA device which is capable of moving data
between disk and system memory at the rate of 27.7 Mbyte/sec. This assumes the NCR chip is running at 33
Mhz, has a burstsize of 24 bytes, and an arbitration overhead of 13 VSC clock cycles. The Intel 82596 LLAN;

controller also has a bwilt in high-performance DMA controller. lmdc&noﬂ,wwﬂl% a 32 byte
FIFO and a DMA chamacl for the Parallél Printer Inteifacsj to support ¢ er bi-directional Parallel
Printer Inicrface applications, such as Scan Jet T

4.4 Interrupt System

Inside Cutoff, similar to the interrupt structure inside PA-RISC, we provide an Interrupt Réquest Register
(IRR) and an; Interrupt Mask Registef (IMR). An [iterrupt Pending Register (IPR) is also provided. Each
of these registers appear to be 32-bits and are accessed as such. However, the

arc implemented for cach register. The remaining bits are not affected by writes

zeros.

ﬁelmwﬁ%gz);smmmammmndbﬁmemmum&n&
The external interrupts are ized in the IPR and an active edge on the synchronized signal causes the
corresponding IPR bit to be set to 1. The IPR is a read/write register. Reads will return the status of all
interrupts, pendimg or non-pending. Writes to this register are intended for diagnostic use only and will
cause the entire register to be cleared. Since a write of the IPR clears all the IPR bits, any interrupt with an

J

interrupting durimg a IPR write and not creating a pending interrupt.

The Interrupt Mask Register (IMR) is a read/writ register used to mask pending interrupts. A 1 in an
IMR bit enables the cor _L,pendigg‘llmtomemin(mptmqm If the IMR bit is a zero,
the corresponding pending interrupt can not cause an interrupt request.

The Interrupt Request Register (IRR) is a read only register that contains the status of all requesting
interrupts. A Tin an IRR b indicates that the corresponding interrupt was pending and enabled by the
IMR. When an IRR bit is set it will cause Cutoff to generate an interrupt request to Viper. Cutoff will
continue to assert this interrupt line until it is acknowledged by a CPU read of the IRR.

A read of the IRR will also cause unmasked (IMR bit = 1) IPR bits to be clearcd. Both the IRR and the
unmasked IPR bts are cieared on the clock cycle following the read. From the IRR read, Software may find
multiple interrupts pendimg. It is the responsibility of the software to set the priority on these interrupts and

HEWLETT-PACKARD
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jority i which will not be scrved immediately. New interrupts may arrive
&:emmbet t.hemlqm pn«uymgmmwwm”& Software should read the IRR again to see ifthuev are
anynewhid:crpdorixyimmnptstﬂersavidngnimeﬂupt.
wdmmmmwfajmmmaumm(ml/owcy:lz)in

i d d i for at least two CPU
order for them to be synchronized and Themm'mpt‘mnstahode-a?en
dodcyda(ml/omynmcyde)hwdafmthemwmbemd.

Listed below are the source of the defined interrupts. Theregistmmsetbythemnsiﬁmtothed;ﬁned
active level

4.4.1 Interrupt Registers Access and Bit Assignments

o The following registers should be accessed as words:
0xFO80 0000 - Interrupt Request Register (Read Only)

0xF080 0004 - Interrupt Mask Register (Read/Writc)

(xF080 0008 - Interrupt Pending Register (Read/Write)

o Bit 31 is the least significant bit and is on the right hand side of the word.

BIT LEVEL SOURCE
31 - LOW NMI from EISA

30 - HIGH 8042 (rtc, hil, audio) General merrupts
29 - LOW 8042 (rtc, hil, audio) High priority interrupts
28 - LOW Fast/Wide SCSI

27 - LOW FDDI

26 - HIGH WD16CS52 SIO 1

25 - HIGH WD16CS52 SIO 2

24 - LOW WD16C552 Parallel Printer Interface
23 - LOW LAN-8023

2 - LOW SCsI

21 - LOW EISA

20 - LOW Graphics1

19 - LOW Graphics2

18 - LOW Audio

17 - LOW Error

t?lnASP,bi(ZSwastimctl,bitZ?mﬁmerZ,mdbillenserhlpon
3.

4.42 Interrupt Scenarios

Following, is a simpic scenario of a device interrupting under three different conditions, along with a scenario
that could generate spurious interrupts.

® Interrupt Masked:
line. This will cause the IPR

When the device interrupts it will cause an active edge on the device’s interrupt . will not causs the TRR

bit to be set to one which stays asserted uatil it is cleared by the CPU. However,
HEWLETT-PACKARD



Version 1.1 HARDBALL 1/0 ERS Page 10

bit to be set as it will be masked to zero by the IMR.

© Interrupt Unmasked:
T!lismdiﬁmkdleupeuamnkedinlmuptmepttheﬂlkbitwiﬂbemuﬁerdwl?kixmbeumi&
will not be masked. This will cause the interrupt request line from Cutoff to Viper to be asserted. The CPU
should then read the IRR register, causing the IPR bit to be cleared, and service the interrupt which will
cause the device to de-assert its interrupt request.

© Masked then Unmasked by a Write to the IMR:

Same as masked until the IMR is written. When the IMR is written, causing the interrupt to be unmasked,
the IRR bit will be set and the request line from Cutoff to Viper will be asserted.

© Spurious Interrupts:

The following sequence could create a spurious interrupt and should be handled by software.
1) A high priority and low priority interrupt is unmasked.

2) A high priority interrupt occurs.

3) Processor eaters interrupt handier.

4) Interrupt handler reads IRR, clearing the high priority bit in IPR and IRR.

5) Low Priority interrupt occurs.

6) Interrupt handler, in processing of the high priority interrupt, *
decides to mask the low priority interrupt.

7) Interrupt handler exits.

8) CPU is reinterrupted by Cutoff because of low priority interrupt in IRR. (It
was received before it was masked off). .

9)—Processor-enters_interrupt the-handler.

10) Interrupt handler reads the IRR, clearing the low priority bit in IRR
but not in the IPR because bit is masked. This could be considered a
spurious interrupt.

11) Interrupt handler exits.

12) When a low priority interrupt is unmasked, an interrupt will occur and
can be properly cleared by the next IRR read.

An option for software is to read the IRR after changing the IMR to look for interrupts that may have
occurred between the last IRR read and the IMR write. The bit could be unmasked and read to clear it
again and remasked and read until it no longer occurs.

HEWLETT-PACKARD
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4.5 Other Register and Byte Device Access

Refettoachwaionfmdaﬁkabomwhﬂhermemginmmmdmdmbytemd

There of Cutoff specific registers. The first of these is the J/Q Subsystem resct registey (FOS2
m),?é;“;tm register, which resets Cutoff and the entire on-board I/O subsystem. This
mg'steriniﬁalimcmoﬁ'mdanoftheon-bouddeviestotheirm-ugvﬂm
'l'heseeondbytem@ﬂu(MF@)k&eCﬂoﬂ%M:ﬁhkamdﬂMemmjﬁu
with the following information in each bit field.

D[7] RH_DMA_MODEW(&MM&FU&BOZO)

D[6:5] = N'l‘[L-O]bits(ﬁ'omaddnssmooo-t)

D{4] = Dsyncbit ( from addras.lf(BZF(BO) )

D[3:0] = cutoff version. For the initial Cutoff release 1/92, this
4 bits has the value 0x03.

NaeMD[?:(]m:hehfmmxﬁm&omothe(regiquhichmwﬁleody. For more details on those
regincrs,refertothemmotympfotth:appmpmewcnm .

The third emregnu(FDwHBO)mumnheDSYNCenablem(blto,nghthn.db!t)‘ﬁ;_ -3
subsys!em.by‘Thcdefuultmodefonhisbitisembled(DSYNC-l).ﬁ;mdhﬂutow;
ChﬂdweperiormmceforSGIDMAuansfers.Thkis’wﬁteﬂmu.wmﬂuawmeonly
reginu.i_tg_gontemconldbereadvhthccmoﬂ',_Sumsmgmr.

. . P . value 0300 and
The fourth emw(MM)mmﬂmmmmmup’m
isamdgwbﬁy(‘em' a.mpupmofmhmbtob;memmumfommfmmom
whileCu!oﬂ'isthebusmuteronSGC.Seetheenm’hmdlmgfotmoredeuﬂs.

ister, LAN_CTRL_OEN (F082 F050), cnables gu-uisum)@cmoﬂ’sm
m@_mmmlmcmwm i ('mmwwer),o!buh.msanmn}mﬂmmg’ of
FDDlmdsozs_sig:alsxoasﬁderbondbyddngtpemtogethum.uwedﬁm?fnhon. Sctmgt.h:s
regislereonealy'smdyhporum;hnwopuscrungsmmdmuhmnon-opermwmwom.demml
shorts.

7 0
[RIR[R[R[R[R[E]F]
value
Bit | Description 0 1
E | Ethernet disable | enable
F | FDDI disable | enable
R | Reserved

Firmware must follow the following algorithm
if(l.ANcont:ollersigulsmmdonbond) # bit 14 of IOSS status register (F0800024)

case NETWORK_ID of # 10SS status register bits [13:12]
802.3: enable cthernet signals;
FDDI : enable FDDI signals;
end_case;
eise

HEWLETT-PACKARD



Version 1.1 HARDBALL 1/0 ERS

case NETWORK_ID of
802.3: enable cthernet signals;
FDDI : eaable FDDI signals;
both : enabie both FDDI and ethernet;
end_case;
end_if;

4.6 Power Up Reset

After power-on reset or on-board reset (write to 0xFOS2F000) the Cutoff is in the following state:

Address Register Name State

0xF080 0000 Interrupt request register 0x0000 (all requesting interrupts
zeroed to prevent spurious
interrupts at power-up).

0xF080 0004 Interrupt mask register 0x0000 (all interrupts masked)

0xF082 4802 Parallel Device Control Obxx101000; rd/wr direction set
to rd (when ensbled).

All other parallel port registers
are cleared to 0, and interrupts
from the parallel port module are
disabled.

The default mode is non DMA IBM PS/2
type configuration mode.
0xF081 8xxx EEPROM enable bit 0bOxxxxxxx (EEPROM write access
disabled, the MSB
of byte 0 = 0)

0xF082 0000 DMA current addr. reg. 0x0000
0xF082 0001 DMA current count reg. O0xFFFF
0xF082 0008 DMA status reg. 0x00
0xF082 000A IMA write single bit mask 0x04
0xF082 000B DMA mode reg. 0x04

0xF082 000C DMA clear byte pointer
0xF082 000D DMA master clear

byte pointer = 0
not applicable

0xF082 000E DMA clear mask reg. mask = 1
0xF082 000F DMA mask reg. 0x0E
0xF082 0010 DMA FIFO limit reg. 0x80
0xF082 0087 DMA current addr. low page 0x00
0xF082 0401 IDMA high current count OxFF
0xF082 040A DMA interrupt log reg. 0x00

0xF082 0487 [MA current addr. high page 0x00

DMA is disabled and all address
pointers point to 0 and all count
registers are 0. Interrupts are

HEWLETT-PACKARD
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disabled from the DMA controller.
WD16CS552 chip internal serial port

related registers come up in the
power up reset state.

0xF082 280X Serial port #2 Status

0x04; Hardware flow control powers

Serial port #2 Status
up disabled.

0xF082 2804

WD16CS52 chip internal serial port
related registers come up in the
power up reset state.

0xF082 380X Serial port #1 Status

0x04; Hardware flow control powers

Serial port #1 Status
up disabled.

0xF082 3804

0xF080 F030 DSYNC enable bit

0x00; All LAN control signals power
up disabled.

0xF082 F050 LAN_CTRL_CEN

Note i :ddiﬁonmewnommnoﬂmwmupmodcﬁmdmm@nmumdabku!

vendumdocummnﬁon for the NCRS3C700, the Intel 82596, the Western Digital WD16C552 (or National
NS16550), and the HP documentation for the 8042 controller (A-1820-4784-2). Pleasc consult these
doament.sforthcpower-npsmeofthscdcvices.Noteinparﬁuﬂnthﬂthc@Zgjom:asdf-twaﬁer

reset of approximately 300 ms.

4.6.1 Initialization

Firmware/OS needs to initialize the following Cutoff registers:
o DSYNC: Byte write 0x00 to 0xFOS0FU30.
OInterruptMnsk:WordwritemOxm‘. Alpowernp,nﬂinmptsmdisablcd. Do NOT enable
the interval timers.
.. . . . . Cutoff to
DMA FIFO Limit Register: Byte write to 0xF0820010. Po?verupsetsthnmo:m.v{hnhames C
.mnsferswordsofcl;’:anelpondmperVSCnbimmncyde. Ifsyslen'l.!em?gshowsthlsl?be
unwcepnble.thcnﬁmwe/OSwillhnveto set this to another value. Sce Bidirectional Parallel Printer
Interface section "Fifo Limit Register.”
Parallel Port Timing DehyCaumer:BytewritetoOxm. Initially 0, the value for correct operation
.dcpendsonwhinhdeviceishookcduptothepuaﬂelpon. The correct value = (lelObe
DELAY‘I'IME)-1,wl-|ereDELAY'I']MEisrlevit:e‘r dent. See Bidi | Parallel Printer Interface
section "Timing Delay Counter.”
i i i the 8042 or
o 8042 Reset Release: Byte write anything to 0xF0821C00. After power \!p,durecwd reset to )
directed reset to the 1/O subsystem, the 8042 mustberelcasedﬁomusraetm.SeePDHW
"8042 Reset.”

DriversmuststiﬂsetupdevicessuhasLAdeSCSlfmpmperopenﬁon.

Refer to the sections on FDDI and Fast/Wide SCSI that are in this document. Also, refer to Vivace
ERS for the audio initialization requirements.

HEWLETT-PACKARD
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Rapid Harmless DMA will initialize Viper into a known state without any Intel 596’s available.
For Cutoff initialization, there is no 8042, in Keyboard Reset Rel as

appeared in ASP initializat
4.7 IC Process Technology

Cutoff is being implemented in CMOS26B Standard Cell technology us
"LogicArchitect IC Design System” for development. using the Hewiett-Packard

4.8 Electrical and Thermal Specifications
4.8.1 DC Characteristics

® Voltage range: 4.5v. to 525v.

4.82 AC Characteristics

4.82.1 Clock Specifications

© Maximum clock speed: 33 MHZ (gclk).

4.83 Packaging Technology and Thermal Requirements
® 240 pin PQFP.

® Operating temperature range in degrees Ceatigrade: 0 to 85.

4.9 TESTING

4.9.1 Introduction

In order to achieve a high degree of fault coverage and to keep testing of all logi i possible, it i
c r ) logic as simple as le, it
oftq: y to make mmodnmgmodxﬁuﬁmwthchp’cndmibedinthcfoﬂwinl;

492 Testability Design Goals

4.92.1 On Chip Testability

ThaemtwopinsonCutoﬂ'ueduigmtedfortsubﬂi‘ypurposes. the ScanEnmode; and ri :
pm&Thesemopinsmdewdedhtemaﬂytoproﬁdethefcﬂmﬁngt;h;yo:r; ScanBamodgjund trmods:
ScanEnmode trimode

Y 0 : Normal operation
HEWLETT-PACKARD
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0 1 : Tristate mode
1 0 : Scan chain test mode
1 1 : Ptest mode

492.1.1 Normal operation
‘l'thunEnmodeandthcuimod:mﬁedtogmdviapuﬂdmresistmsonthellobwd.
49.2.12 Tristate mode

(see on board testability section)

~

4.92.1.3 Scan chain test mode ( prs frec)

hthkwnmode.theremahquhsmCmoﬁmmulﬁplmdtomifymemmm:
NeepWecSPen, NeepOecScnl, and sdkseldmO(NeepWed_l:g/Bthesmﬂ phase enable pin for the scan
dnin;Neepo«sansm-inmpanandgxg‘sqqimem-ommmformmmaemin
normal mode, these 3 pins have different functions. In addition, All bidirectional pins are forced to be inputs

Cmoﬁutiliz:sthcmmnﬁc’l'estpaanmﬁontool(ATG)withintheugicArchitedd.O(opmvide
test vectors for the scan chain.

492.1.4 Ptest mode

T‘histestmodeisforwstingthePtnnsistorsin!hcimernalSRAMmoduh.
Thefoﬂowingguideﬁncsmobwvedinthecmoﬂ'tmbiﬁtydasip:

OFortesmbﬂityreasons,auimemalregisxetswhichwoddno(nomaﬂybereadilyconuoﬂableorobservnble
should be in the scan chain. Beanseofthisissue.mpathispnﬁalhrlyimporuminthceonuolsute
machines.

OAllﬂip—ﬂopsandhtchesshouldbeabletoraetorwbyxnonseqmnﬁalIogicpnhuwssiblefmma
primary input (pin signals). Thismnbeacwmplishedbyprovidingnmasterdworapanﬂelload
capability. Also,simuhﬁonismdeeasierwhenaﬂﬂip—ﬂopsmbeinimllysettoaknownsule.

OThereshouldbenoncewndiﬁonswhichcouldansemcd:mhwinwmimdyhﬂ. This situation can
occurinthedesig:ofscquemidlogicwhcnmedmanrﬁvesmthcmeﬁmethedockﬁpﬂm In
memLthsyzingofadocktogenerﬁcaclocksignalisbadpnaieeandinhﬂ)itsukingadvmngeof
automatic test generators.

® Counter circuits of more than about 12 bits freq ly require test seq that are too long for practical
test generation. Providing a test count enable input signal which is common to all stages, allow all the stages
to increment simultaneously, thus minimizing the number of test vectors required. .

® The testability design goal of better than 97% fault coverage is required.

® Using asynchronous rescts to implement system logic functions should be kept to a minimum.
Asynchronous resets to implement initialization are beneficial and in fact are mandatory.
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4922 On Board Testability
5. SHORTSTOP DATA PATH ASIC
Cutoff also provides a test mode which facilitate board production testing. It is the "tristated” test modes

In the tristated test m all of the outputs and bidirectional pins are tristat i
! | ode, d pins ed. This test mode belps board
level testing to isolate the Cut p testing parts on euurmgcmoﬂlsno?dnvmg

5.1 Introduction

any of its outputs. hortstop is the data ASIC for the I/O interface to It contains an interface similar to a set of
646's for both of the local data buses. Tt also offers byte steering for single-byte i It contains two
FIFO's for fast-wide SCSI and FDDL to im; m@mmmﬂbmm'ﬁmmm
registers.
52 External Signal Definitions
D{31:0] 32 1/0 SGC data bus
ICDBIG([31:0] 32 1/0 Data bus to SCSI, F-W SCSI, Status register,
Audio, and 8-bit bus
IOLF(31:0] 32 1/0 Data bus to Lan and FIDI
NDINHIBIT 1 I Active low inhibits OCIK[1] from clocking the
buffers
CCIK([1] 1 I Clock for the data buffers from SGC to 1/0
NSGCDEN 1 I Active low enables data in buffer mode
SGCIREGMD 1 1 High: data path from I/O to SGC is registered
Low: data path from 1/O to SGC is transparent
ICORBAMD 1 I High: data path from SGC to I/O is registered
Low: data path from SGC to I/O is registered
ICDCLK([3:0] 4 1 Clocks for the data buffers from I/O to SGC
IDIRNBA 1 1 Low: 1/0 data to SGC, high: SGC data to 1/0
NSTEER([1:0] 2 I Encoded for byte swapping - 11: no swapping
10: byte 1 is swapped to lower order byte
01: byte 2 is swapped to lower order byte
00: byte 3 is swapped to lower order byte
BUSSELECT 1 1 High: bus for transaction is 1CDBIG
Low: bus for transaction is IOLF
PASSGODATAL 1 I On write: Data enable from PAS FIFO onto SGC
On read: Data enable from SGC into FW§ FIFO
PWSLOCDATAL 1 1 On write: Data enable from ICDBIG to s Flbm
On read: Data enable from FAS FIFO to 1CDBIG
PWSWRL 1 1 Active low: transaction is a write to memory
HEWLETT-PACKARD

HEWLETT-PACKARD



Version 1.1

PASBWTY 1 o
RESETPWSL 1 1
FIDILOCDATAL 1 1
FIDISGCDATAL 1 I
FIDIWRL 1 1
FIDICKSUML 1 1
FODICKSUMRD 1 I
RESETFIDIL 1 I
READYL 1 1
‘CCLK([0] 1 1
TRIMDE 1 I
SCANENIE 1 I

Count for pin type "I” is
Count for pin type "O" is
Count for pin type "I/O" is

Total signal pin count is

HARDBALL I/0 ERS Page 18

High: PAS FIRO is empty
Reset the PAS FIFO

On write: Data enable from IOLF into FIDI FIFO
On read: Data enable from FIDI FIFO onto IOLF

On write: Data enable from FIDI FIFO onto SGC
On read: Data enable from SGC into AIDI FIFO

Active low: transaction is a write to memory

On low edge: start to accumulate the checksum
On high edge: clear the checksum

On low edge: read the checksum into the FIDI
buffers

Reset the FIDI FIFO
SGC ready

SGC gelk

Shortstop tristate mode

Shortstop scan path enabie

124

Maximum signal pins desired: 131 for a 160 pin package

53 IC Process Technology

Shortsop is being implemented in QMOS26B Standard Cell technology using the
Hewlett-Packard "LogicArchitect IC Design System” for development.

5.4 Electrical and Thermal Specifications

5.4.1 DC Characteristics

® Voltage range: 4.5V to 5.25V.

HEWLETT-PACKARD
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542 AC Characteristics

5.42.1 Clock Specifications

HARDBALL 1/0 ERS

e Maximum clock speed: 33 Miz (gelk)

543 Packaging Technology and Thermal Requirements

e 160 pin PLCC

® Operating temperaturc range in degrees Centigrade: 0 to 85.

5.5 TESTING

The testability strategy for Shortstop will be the same as for Cutoff

pins ScanEmmode and_ trimode will be used in the

that—are multiplexed for scam chain:functions
SGOREAMD (Scan In), ICOREGMD (Serial phase

utilize the Automatic Test
Architect.

HEWLETT-PACKARD
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6. BIDIRECTIONAL PARALLEL PRINTER INTERFACE

6.1 Introduction

'I'heBidirecﬁomlPu&l]clPrinterlmexfaeeisnSbilmlld. ynch us interface ly used for
printers. mwmmmmmmwmmpmmm
standards, also known to the world as C tm). The hard is of interfacing to the HP

(tm). is aso capable of i .
ManMWaMWTUSTMMOBEW&mAM
CP300 (alias Tektronics 4693D) raster copicr (printer) is also supported.

62 Overview
The PS2 and AT compatible controlled through "Cutoff". The Western Diggital WDI6CSS2 chip
is used at the

Mlguthedcvieedﬁmzmm ace. Additional functionality including that
required by the Scanjet an ducts are aug d by special hard built into "Cutoff”.

14

63 Features

The following is a list of the Parallel Printer Interface features:

OHudweismplbkofmletes/secmnximumdauuusfermem
using standard setup, bold, and strobe pulse width times.

@ Supports host DMA.

® A FIFO is an integral part of DMA. The FIFO supports 32 byte inbound or
32byteoutbounddanmnsfets(onlyonedirectimuaﬁme).

® Fully bidirectional.

@ Meets the special handshaking requirements of the HP-9190A /9195A Scanjet
products.

® Supports the Apollo CP300 (alias Tektronics 4693) raster copier (pnnter)
® 25 pin female DB25 connector (same as Vectra and IBM PS/2).
® NACK and BUSY handshakes.

® Pull-up resistors on all lines.

6.4 Register Set

The following are the register byte addresses and descriptions.
r NOTES:
HEWLETT-PACKARD
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o TheMudeﬁnedbebwmnmbaed&wthemﬁpiﬁnmw7(mthchﬁ)tob:cphm§piﬁum
bit 0 (on the right). M/}—a; O.—

6.5 Power Up Reset

The following conditions occur after a power up reset: 208c):

o All the panllelprinxuinmtacesmomd:ineeonuolleﬁin:spmmu

® NSTB = 1 bt
® NAFD (alias WRoRD, WR/aRd) = 1

© NINIT (alias NRESET, nRESET) = 0

@ NSLIN (alias NSLCT_IN, NSLCTIN) = 0

® All other registers will be cleared.

@ All Parallel Port Interrupts will be disabled.
6.5.1 Byte Address 0xF082 4000 (Directed Master Reset)
mmuamupmudmibedabovemptthn

Digital Chip are not affected. Software must
theWCStefﬂbitsu Q‘pgzmm‘djmresetll

i 'hasthemeaﬁedont.he?anﬂdm
zﬁnm, NAFD, NINIT, and NSLIN lines in the
also initialize those outputs by writing the appropriate
invoked.

® Write

BIT .
70 Can be anything.

6.52 Byte Address 0xF082 4800 (Write/Read Data)

® Write

BIT )

70 Write data direct to parallel port according to bandshake
mode selected. There are two ways of setting the port
;‘;wsztnthl:ge:aionbit,bidcn.mmbkfmo.or
2)Set0xF0824804bit4toland0xP0824802bltStoo.

Use when in handshake Mode 0, 1, or 2 only

® Read

l?]l'-‘l)' Read data direct from paraliel port. Biden (0xF082 4804 bit 4)
must = 1 and OxFO82 4802 bit 5 must = 1.

HEWLETT-PACKARD
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Usc when in handshake Mode 0 or 3 only

6.53 Byte Address 0xF082 4801 (Parallel Port Status)

® Write:

® Read:

BIT

1

0

Isvalid. No effect.

Nbasy: returns 0 if the BUSY signal is asserted (high).
Nack: returns 0 if the NACK signal is asserted (low)
pe: returns 1 if the PE signal is asserted (high)

slet: returns 1 if the SLCT signal is asserted (high).
exror: returns 0 if the NERR signal is asserted (low).

NINT: Shows the status of the INT2 (NACK interrupt) line @ the WD chip.
This bit will be 0 if NACK had a 0 to 1 trailing edge
dhis bit to L

WARNING: In this hardware implementation, the INT2 interrupt
line from the WD chip is not connected for system
interrupts. A compliete set of interrupt choices,
including an NACK interrupt, are available as shown
in the "IE Control/Interrupt Status” sub-section
at Byte Address 0xFO82 4805. The state of this
bit will have no effect on the interrupt mode
chosen and visa-versa.

Rewrns 1

Remarns 1

6.5.4 Byte Address 0xF082 4802 (Parallel Device Control)

® Write:
BIT
16 Unassigned.
5 NwrRd: Direction control. Only significant if biden = 1
(see Byte Address 4, bit 4). If set, direction is
“input from device™. If clear, direction is "output to
device".
HEWLETT-PACKARD
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4 IrqEnb:lfsa.mblaNACKintmptonh‘uhng" edge 0
to 1 transition affecting ONLY the INT2 line @ the WD
chip. If clear, disabies the NACK interrupt affecting
ONLY the INT2 line @ the WD chip.

WARNING: Refer to the warning given above regarding

OxFO082 4801 bit 2.
3 Slin: If set, NSLIN = L. If clear, NSLIN = 0.
2 Ninit: If set, NINIT = 1. If clear, NINIT = 0.
1 Autofd: If set, NAFD = 0. If clear, NAFD = L

ForSanjel,ifsﬂ.theWRan(nAFD’)ngul" =0
indicating to the ScanJet that the scanjet will drive the
data bus (input mode). Otherwise, output mode.

0 Strobe: If set, NSTB = 0. If clear, NSTB = 1
©® Read:

BIT o

20 Retumthem-respondmssngnlvducprmathc
parallel connector.

3 Always returns 0.

4 Returns value written.

7-5 Always returns 1.

6.5.5 Byte Address 0xF082 4804 (Mode Control)

Hardware supports both DMA and non-DMA transfers for
automatic handshake modes 1, 2, 3, and 4. Mode 3is the
onlymodewhichsuppmsmomnﬁchmdshakemdopamms
from the peripheral.

CAUTION: Changing modes before a previous parallel data transaction
dictable results. Softw

is complete may causc unpr ¢ must

always make sure p jons are complete before changs

modes.
® Write:

BIT
7-5 Handshake mode control

BIT7 BIT6 BITS
0 0 0 Mode0
No €
Handshaking is under software control.

s bard hands<hak:

HEWLETT-PACKARD
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0 0 1 Model
NACK pulse with not BUSY bandshake.
Handshake is complete if NACK pulse has
compieted and then BUSY =0. DMA or noe-DMA
transfers are allowed.

0 1 0 Mode2
BUSY only handshake.

0 1 1 Mode3
NSTB only handshake. Read from Scamjet
NSTB input mode handshake. (BUSY and
NSTB handshake directions are turned
around by hardware).

1 0 0 Moded
Stream mode. Automatic NSTB generation
with no NACK or BUSY handshakes. Hardware
will make the data setup, strobe duration,
and data hold times the same as determined
by the delay value programmed via address
F082 4806.

1 0 1 Same as decode "0 0 0" above.
1 1 0  Same as decode "0 0 0" above.
1 1 1  Same as decode "0 0 0" above.

Biden: When sct, enables bidirectional mode capabilities.
If this bt is set, software must also select the

desired direction (see bit 5 of Byte Address 2). If
this bit is clear, output only transfers are enabled
 regardless of the state of bit 5 of Byte Address 2.

If scanjet read "mode 3" is selected, this bit and
bit 5 of Byte address 2 must also be set. Wait 5 usecs,
then clear Wr/Nrd (NAFD) = 0. A transfer may then be
invoked. This bit does not affect the WRaRD signal used
by the Scanjet.

Force NSTB pulse. When 1, forces NSTB pulse to be low for
the programmed delay period, i.c. NSTB 0 to 1 transition is
not conditional on BUSY =1, Prevents deadlock condition for
devices which only return BUSY =1 when NSTB makes a0 to 1
transition. (such as the CP300 device in non-stream mode)

2 No affect.

1 No affect.

0 No affect.
® Read:
HEWLETT-PACKARD
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BIT
7-0 Returns value written.

6.5.6 Byte Address 0xF082 4805 (IE Control/Interrupt Status)

Logic exists to preveat losing interrupts. Thefoﬂowingenmpledmonmatheimmnptlog'cbehwior:

OMormoreimeﬂupumpmdingmdoneormmbiuoﬁhis
inmrnptcmblemnskreg'stummforoneormoredthz

'Asnresult.theembledAspglobalpanlhlinmptreginet
bitgo(setthmcansingtheimermpttobemvmdbytheboﬂ.

OTheHostrcadsthisinzerruptm.ﬁd;r?et,dunthe

Asp global parallel interrupt bit a choses . .
toclearonlyoneofthependingmmp(shereb:ywnmgt.hs
hw-rup(Emblemnkforthubinowobmmesone(x)
for the other pending interrupt bit(s).

OANO’TPIERinmrnptedgefortheotherpendingANDeaab!ed
inlerrnpt(s)herewﬂlbegmzruedtotheglobd?uaﬂcl?endmg
intetmptbitinAspimmedhtelyfoﬂowhgthcwntetoths
Interrupt Enable register.

OAko,ifaninxemptherewaspendingb\nno(eubhd.mdthe

houthcnmblesthispendingimmp(.mimmp.(edge
wiﬂbesubsequndysem:o&e&pgbbdpuaﬂelmmnpt

register bit.
® Write
BIT
7 DMA done IE. Enable interrupts for when DMA completes

itsblocktnnsfer.(lnmmptwhenthewhplepnpehne

is empty.) Note:formode3mdopanﬂons:softwe
must enable the NACK interrupt as well. Buhw
must occur before the block transfer can be considered

complete.
6 No affect.
5 Nbusy[E:EmbleintemptsonBUSYmi]ingedgeltoo
transition.
4 Nack IE: Enable interrupts on NACK trailing edge 0 to 1
. -
3 ackNbusy IE: Enable interrupts on NACK 0 to 1 transition

was received and BUSY = 0 (not busy).
2 PE IE: Enable interrupts on any PE transition.

HEWLETT-PACKARD



Version 1.1

® Read

5
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Select IE: Enable interrupts on any SLCT transition.

Error IE: Enable interrupts on any NERR transition.

DMA done IR (0 to 1 transition). DMA has completed its
block transfer. For mode 3 read operations: software
must enable the NACK interrupt as well. Both interrupts
must occur before the block transfer can be considered
complete.

This bit is cleared only by writing a zero

into it.

Returns 0.

Nbusy IR: Busy 1 to 0 transition (not busy).
This bit is cleared oaly by writing a zero into it.
Nack IR: NACK 0 to 1 transition occurred.

This bit is cleared by writing a zero into it or by
reading byte address 1.

ackNbusy IR: NACK 0 to 1 transition occurred and BUSY = 0.
This bit is cleared only by writing a zero into it.
PE IR: The PE linc has made any transition.
This bit is cleared only by writing a zero into it.
Select IR: The SLCT line has made any transition.
This bit is cleared only by writing a zero into it.

Error IR: The NERR line has made any transition.
This bit is cleared only by writing a zero into it.

6.5.7 Byte Address 0xF082 4806 (Timing Delay Counter)

©® Write
BIT

7-0

Timing Delay Counter register.
A counter divider which output is used by the controller
state machine for establishing the minimum data setup
and NSTB pulse times. Also establishes the data hold time
when in mode 4 (stream mode).

Note: The NSTB pulse will be low for the delay time
programmed or the time it takes for BUSY to become true,
whichever comes last.

HEWLETT-PACKARD

Version 1.1 HARDBALL 1/0 ERS

'l'hiseolmtudividuismdedsothathe.d.jdpm
be used for varying peripheral/cable restrictions.
The formula for the value to load is:
VALUE TO LOAD =

((CPU FREQ. x DELAY TIME) -22)/6
The standard "DELAY TIME" is typically equal to or
peaerthanlxlﬂE—Gsewud.hawever,ochavﬂufs'
mybechosendependingonpeﬁphu!l/cablemmmons
Be sure to "round up” to the next higher integer

value to ensure that the timing is not under the
ini delay time required. Some examples follow:

® caiculated value = 4.6 .. round up to §
® calculated value = 43 ...round up to §
® calculated value = 4.0 ... use 4

® Read

BIT
70 Returns value written.

6.5.8 Scanjet Activation Sequence Special Notes

The following is a rough outline of the Scanjet activation event scquence:

® Initialize the Scanjet: reset if v and send any desired

mnﬁgmm‘ mﬂd&
® Send the scan command.

@ Set the mode register for mode 3.

[ PrepueforDMArudfromtthanjetwithDMAdominmnpt
enabled but don’t enable DMA via DMA mask yet.

® Prepare direction for read from scanjet:

* Biden = 1 (0xf0824804 bit 4)
* NwrRd = 1 (0xf0824802 bit 5)

® Wait 5 microseconds.

® Make Nafd (WRnRd) = 0 (0xf0824802 bit 3). This enables the Scanjet to
start scanning.

® Enable DMA transfer via the DMA mask.

© Wait for DMA done interrupt. (Nack pulse should occur after the
HEWLETT-PACKARD
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peripheral has sent the last byte but before the DMA doae interrupt

occurs. An NACK interrupt be enabled i i i
el may if desired to detect this

©® CAUTION: ALWAYS return to the "write-t ipheral” direction whea
mdonere;dmgpuaﬂelduaOR:hummoean! This should o
a.lwayspethcdeﬁnkdxremontoenmethuthepanﬂdpondau
hne.smllno(gotoa'ﬂmﬁng'logicmifmmmphum
peripheral from the port. The WD16CS52 is a CMOS IC. Floating inputs
to a CMOS device may build up undue heat stress to the input buffers
thus decreasing reliability.

6.5.9 Caveats when Accessing Parallel registers

When accessing byte address 0xFO82 4800, 0xF082 4801, 0xFO82 registers

4802, or 0xF082 4803 hysically
inside the WD16C552), mdthcmodesebaedunotmodeo,wﬁwemuﬂm(forprw&:s
transactions to complete via interrupts to prevent the possible occurrence of a hardware lockup condition.

Pmﬂdregnmn(kmw
parallel X d or above (registers physically inside Asp), may be accessed any time without

a

CAUTION: It is possible for 2 consecutive WD16C552 slave (
transactions to "back- theVSCbm.
simply using a CPU clock based timer will not upon So.
two commands will be met. g the eycle Y time req
HEWLETT-PACKARD
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6.6 Quick Summary Reference for Non-DMA Parallel Registers

BIT-------- 7 6 5 4 3 2 1 0
BIT VALLE-- 80 40 20 10 08 04 02 01
$ecocane $ecccone decceem= decnccne $eccoone deccocen decconns deccccan +
f082 4800 | DATA |
P $occmmon Fececane P dememcen R B decccnen +
Feccenan teccmecn- $eecnmee tececec- AR L LA deccecce $erecena +eccccce +
f082 4801 | Nbusy | Nack | pe | slet | Nerr | Nint | 1 | 1 |
$eeccenn $eccoenn $eccccmn Focemene Fececccctomacncn Heceene deccccas +
4ecccecn Feccncen $eccccnn 4eeccmcetoccccnn deemocen $ecececctoncacns +
£082 4802 | 1 | 1 | NwrRd |IrgEnb | Nslin | Ninit |Autofd |Snobe |
teccennn 4eeemmcobecanacn eeoonnn 4eccmcendocccnnn Heemmenn +eceennn +
Foeaneen $emcccoe $eccccectacncace $eceomnn $ococnn= decevene demmacoe +
f082 4803 | Not Used (undefmed) |
EAEEEE LY decccens $eceneas $ececcens teccncectoccccee $ececne= $ecccce= +
------- $ececcmetencsometecnaacd $evccmmetecccacetenccccctoncoccct
f082 4804 Mode[Z] |m4e(1]|mae[on Biden l ftNseb | 0 | 0 | 0 |
teeccces $ececcceteccaceetococccotocccnnn e deccacen $eccenen +
dececan= 4ececcectoccncns $encenon decomcen 4ecmccen decccecetoccncan +
£082 4805 |dmalnt | 0 |Nb;yln(|Nuklnt|acthsy| pelnt lslctlntlerrlnt |
$ecacocsn deccenen $ececeecpecccanctocancas deccecmetecancan decccnos
tocemens dececmna R $esccmce $ecmmen= $ecmecaa tecccmes L +
f082 4806 | Timing Delay vllue |
$ecccce= deccccna $eccamas LR R L L RS $eccccccbecccces decccans $emece== +

HEWLETT-PACKARD
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6.7 Direct Memory Access (DMA)

Hardball's parallel port DMA controller attempts to emulate an EISA DMA controller by providing the
same register map and counter behavior. To improve system performance Hardball's parallel port DMA
provides a 32 byte FIFO. It should be relatively casy to create a printer/scanner driver that works for
Hardball’s internal parallel port and an add-on EISA parallel card.

6.7.1 Hardball DMA Register Map

DMA Register Map

ADDR TYPE | SIZE(BYTES) | DESCRIPTION

F0820000 ™w 1 DMA Current Address register

F0820001 ™w 1 DMA Current Count register

F0820008 o 1 DMA Status register

F082000A wo 1 DMA Write single mask bit

| _F082000B wo 1 DMA Mode register

F082000C wo 1 DMA Clear byte pointer |
F082000D wo 1 DMA Master Clear

FO82000E WO 1 DMA Clear Mask register |
F082000F ™ 1 DMA Mask register

F0820010 ™w 1 DMA Fifo limit register ‘
F0820087 ™ 1 DMA Current Address low page register ‘
F0820401 ™w 1 DMA High Current Count |
F082040A ™w 1 DMA Int Pendi: ister |
F0820487 ™w 1 DMA Current A high Page register

6.7.2 How Parallel Port DMA Works

Hardball's Parallel Port DMA controller transfers data from/to memory to/from the parallel port without
disturbing the CPU until the fer seq is compl To start a sequence the DMA channel needs to
have a beginning address and byte count placed into the proper registers. Given that the mode (read or
write) is setup properly, DMA will start once the mask bit is reset. After the sequence is complete an
interrupt will happen, the mask bit will be set and the address and count registers will be at there final value.
This controller does not support chaining, so after cach sequence the count and address registers need to be
reinitialized to their starting values.

6.72.1 DMA Controller Problem

The DMA controller will not properly terminate a transfer sequence for some even byte counts greater than
or equal to 64. Only a fraction of these even byte counts causc a problem, but a simple software work-
around exists: always transfer odd byte counts. If an even count needs to be transferred subtract 1 from the
count and transfer count-1, then transfer 1 byte.

This problem may be fixed in the future, the above software work-around will work on revised hardware.

HEWLETT-PACKARD
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6.722 DMA Control Bits

The control of Hardball's DMA is governed by 3 bits.

dma_mode_register  F082 000B{1:0}
dma_mask_bit F082 000F{0}
byte_pointer

Themode.reg’sterbitsconuolwbethertheeonnoﬂcrkinmdorwﬁlemodc. Theruemngthzmnkbu
starts a DMA sequence. The mask bit is automatically set at the end of the sequence. The byte_pointer
determines which half of the 16-bit address/count registers is d when setting up the channel; this does
not effect the DMA channel while DMA is in progress.

6.723 Bus Errors

KHardbdl’sPanllelPoﬂDMAwnnoﬂugﬂsabusmw@ﬂem&cﬁngamucﬁonitwﬂlnlusethe
bus as soon as possible. TthunmAddmudCoumwgmwﬂlkecpthevdmtheyhdwm@
error happened; this should help in the debug process. All other state will be reset and whatever data was in
the fifo at the time will be lost.

6.72.4 Typical DMA Sequence

This is what needs to be done to start a DMA sequence. Remember all the writes are byte writes to DMA
control registers in 1/O space.
 Assemble 32 bit physical address for basc of transfer

Write Clear_Byte_Pointer

Write Current_Address (low cight bits)

Write Current_Address (high eight bits)
Write Page_Low

Write Page_High

; Assemble 24 bit transfer length

;Vrite Clear_Byte_Pointer

Write Current_Count  (low cight bits)

Write Current_Count  (high eight bits)
Write High_Count

. Set DMA direction

;Nrite Mode_Register

. Clear DMA mask bit

Write Mask_Register

When the DMA mask bit is cleared, FO82 0008{0} is set to L.
HEWLETT-PACKARD
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If the parallel port DMA caable bit is set, DMA transfer starts.
If the parallel port DMA enable bit is clear, the DMA transfer waits for
the parallel port DMA enabie bit to be set before starting.

Once the DMA transfer is complete:
F082 0008{0} is cleared to 0 (DMA in progress)
FO82 040A{0} is set to 1 (DMA mask bit)
082 040A{0} is set to 1 (DMA interrupt bit)
FO82 4805{7} is set to 1 (parallel DMA terminal count)
if FF080 0008{7} is clear, FOBO 4008{(7} is set and an
external interrupt request is forwarded from Asp to Viper

Also, the parallel port handshake interrupt bits (BUSY, Nack 0->1, etc)
may be sct as appropriate for the current handshake.

6.73 EISA Compatibility

Hardball's DMA controller used the EISA specification as a guide for it's original definition. This DMA
controller acts like DMA channel zero of an EISA system. Mostly this adds a few things that appear
wasteful for directed reads and writes to control ports. One example of this is the way a byte pointer is used
to access the most significant byte of the address and count registers: the byte pointer allows 8 bit reads and
writes to access a 16-bit register from onc byte address. EISA is set up this way because way back in the |
evolution of the PC-AT the 8-bit Intel 8237 dma controller was popular. All accesses to the asp dma
controller MUST be done with BYTE READS and WRITES, all other accesses (WORD etc) will do
nothing.

Here is a summary of known differences between the EISA specification and Hardball's internal DMA
controller:
© The FIFO

Hardball's DMA channel has a 32-byte FIFO integrated with the DMA controller. A
FIFO limit register is placed onto the same 4K page as the EISA like registers of the DMA
controller. So the register address map is not exactly the same as that of an EISA system.

HEWLETT-PACKARD
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® No Chaining
In order t WDMMQMMWMG@ESADMAM
hulSZ—b?xwﬂz-odmeAddr& gister that is progr d with the basc address for
DMA transfer. It does not decrement or increment.

order implify the design, we make no attempt to support the DMA buffer chaining
::dwmimfquMPmmMDMAdmwhmmMum
(mmu'mmslwc).ﬁm.hﬁdecmoﬂ,yefddmemmmmd
the Current Address register into a single Address register.

wwm“eammgmmmetomw,mmemm
mmwmmmmmmmmvuumgum
Address register. The same holds for the Curreat Count registers.

® No Auto-reset of Address/Count registers

iti the less signi Address/Count register bytes automatically clears the high
mﬁzmmw.waomm. doesn’t do this; it’s address and count
registersmmighzuadndwritereginmnoum .

© Read/Write mode

. . . M
ForHardbaﬂ'spaxﬂhlponRudModeudnﬁqeﬁuMngﬁm!hepmﬂde
writing to memory. Write mode is defined as writing to the parallel port and reading from
memory. In an EISA DMA controller Write mode means write to memory and Read mode
means read from memory.

6.7.4 Detailed Register Descriptions

6.7.4.1 Current Address Register

F082 0000 (Current_Address)  rw init: 0
This is a 16 bit register.
Thcbylepoimerindiaxeswhidlbyteisamed‘ona.rea‘dot
write. Ontheﬁ:stmnherruegthebytcpomerm
to access the low byte. Onwbwquemmthgbytepmw
indicates to access the high byte. 'I'hebytepom!erlsrew(by.
power on, a write to FO82 000C (Clear_Byte_Pointer), or a write to
FO082 000D (Master_Clear).

FO082 0087 (Current_Address_Low_Page) rw init: 0
8 bit read/write
FO082 0487 (Current_Address_High_Page) rw init: 0

8 bit read/write

DMAs current address is a 32 bit physical address constructed as follows:
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| High Page | Low Page | Current Address |
4eccccccccces 4ececcccacaca L
eece . cocccccanane +

MHSADMAMMM:MWWAM i

1 ) register. The DMA controller
Wmabmnu&d#maﬁaacﬁmﬂumdmmmmd&e
address are stored in the Current Address register during the transfer. This register is cleared (set to

hm&emmmmem«mmwt register
I . very cumbersome. The address
mm.mugmmm(w(mwmmmmmwwmm(m
to 3 h: ?
W)andl.hamhgh page segment addrer.s. 0487. ) to provide a 32-bit EISA DMA address. Listed below are

a)Cl’UperfamsawritetothevdeuBmPoinwwginu.(WC)

b) CPU perf 8 bit read/wri - .
s ormsa&m /write to the least significant byte (bit 7-0)

c)C:‘Ump:ﬁajmsa&xsanilread/wﬁuwthemmdgniﬁmlbyle(th)

d) CPU performs a bit read/write to the low scgment (address
for Address register bits [23:16). i ¢ 0087)

¢) CPU performs a bit read/write to the hi address
for Address register bit [31:24). igh page sogment ( 087

6.7.42 Byte Count Register

F082 0001 (Current_Count) rw init: FFFF

This is a 16 bit register. -

The byte pointer indicates which byte is accessed on a read or

to access the low byte. On subsequent accesscs, the byte pointer
mdwutomdwn;ghbyte. The byte pointer is reset by
power on, a write to 000C (Clear_B: i i
PO&2 000D ? Cioay, ( yte_Pointer), or a write to

Note that this register counts down to -1, so (Current_Count + 1
bylesaremnsfureddm'ingadmnnufex.( * )

F020401 (Curreat_Count_High_Byte) rw init:FF
DMA transfer length is specified by a 24 bit register:

$ececcccanann $eccccccccnaa Leeccccccacan +
| High Count | Current Count |
4eccccoccnann $eccmnncaceann Leeemececcaan +

Asa DMALtnnsfer progresses, the transfer length is decremented
by the of bytes ferred so far, and the physical address
HEWLETT-PACKARD
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ats by the number of bytes transferred so far.

Fotthesamemwnnhthemed&eBmand&mmAddr&redﬂa,wefoldtthueudom
WordConntreg‘stcrintonsinngyteOoun!regiﬂu.Thi:regis&etisdeared(settom)aﬁurew(.
The Byte Count register consists of two parts, the 16-bit 8237 compatible scgment, and the 8-bit high byte
count segs The two segmeats are apped at different 1/0 address and must be programmed scparately.
Listed below are the procedure to access the Byte Count register:

a) CPU perfomsawﬁtelotheCleylePoinwregisw'.((lX)C)

b)CPUperfomsanSbitread/writetolheleastsigniﬁuntbyte(bi&7—0)
of the register 0001.

¢) CPU performs an 8 bit read/write to the most significant byte (bit 15-8)
of the register 0001.

d) CPU performs an bit read/write to the high byte count segment (address 0401)
for Byte Count register bit 23-16.

6.7.43 DMA Status register

FO082 0008 (Status_Register)  ro init: 0
bit 0 is cleared whenever the terminal count is reached.
bit 4 is set wh the DMA ch ] is requesting servicing
Simulator notes: bit 4 can be wired to zero for simulation.

The DMA Status register contains status information about the DMA channels
that may be read by the CPU. The information includes which channels have
reached a terminal count and which channels have pending DMA requests.
InCuloﬂ',weonJysupportoneDMAahaml,thusonlylhembi!s
corresponding to channel 0 will be reported
bit 0 - This bit is set every time terminal count is reached. This
bit is cleared upon power-on and on cach Status Read.

bit 4 - This bet are set whenever the DMA channel are requesting
servicing. This bit will be zero when the requesting unit
is reset, in this case the parallel port.

bits 1, 2, 3, 5, 6, and 7 are hardwired to zero.

6.7.4.4 DMA Write single mask bit

FO82 000A (Write_Single_Mask) wo init: 0
This register may be used to set or clear any mask register bit.

bit[1:0] - must both be zero to write to write to this bit.
HEWLETT-PACKARD
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bitf2] - 0: Clear DMA mask bit
1: Set DMA mask bit ( STATE AFTER RESET IS BIT 2 IS SET )

Examples:
A write of XXXXXX000 clears the dma_mask_bit
A write of XOO0OKX100 sets the dma_mask_bit and starts dma transacti
A write of XXOOCXX10 has no effect
A write of X3OOCKX01 has no effect
A write of X3OOCOKX11 has no effect

6.7.4.5 DMA Mode register

FO82 000B (Mode_Register) wo init: 01
bit{1:0] - must both be zero to write to write to these bits.
For exampie, 00001000 scts read transfer mode
00001011 changes nothing

bit[3:2] - Data Transfer Type
00 No transfer dma Disabled
01 Write transfer
10 Read transfer
11 No transfer dma Disabled

bit4 - Cutoff hardwired to 0: Disable Auto-initialization
bit 5 - Cutoff hardwired to 0: Address increment select
bit[7:6] - Cutoff hardwired to 00: Demand Mode DMA transfer.
State after reset is 0x01: DMA is in write mode.

Examples:
A write of XXXX0000 disables dma
A write of XJXXX0100 sets transfer type to write (Hardball to peripheral)
A write of XXXX1000 sets transfer to read (peri
‘A write of XXXX1100 di dnuw (peripheral to Hardball)
A write of X0OOXXX01 has no effect
A write of XJXXXXX10 has no effect
A write of X3XOXXXX11 has no effect
bits 7-4 hardwired to zero

6.7.4.6 DMA Interrupt Logging Register

F082 040A (Interrupt_Log Bit) rw init: 0
bit 0 - Indicates if there is a pending interrupt on Parallel
Printer Interface DMA channel. This bit is cleared
after reset.
bit(7:1] - always return zeros.

HEWLETT-PACKARD
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WritinngXOot(w(Cwilldearthependhgimempt. Writing
ything clse does hing. This decodes dma ch | zero as

being the channel that gets its interrupt cleared.

read:

szwl{olislwheninmptisp.uding‘onDMA

mowl(o)kowuminmup(upmdmngMA
write:
Awrizeot‘)OOO(nOOclearst.hcpendinggmmnpt
A write of XXXX0001 clears the pending interrupt
All other values have no effect

IMPORTANT NOTE:

'I'hisbitonlylogsthefutxhﬁaDMAstumimlewnthnchmgefl:iz
do«notgencnteanimmnptnordoesi(eﬁea.thesme_ofmyth‘n&
mmissimplyalogbi(thatredmdnﬂylogsmmp(mfmm

that is available clsewhere. THIS SINGLE BIT REGISTER CAN BE IGNORED.

Note:

In EISA this is also the chaining mode regis which enables or disabl
DMA buffer chaining. Since DMA chaining will not supported on Cutoff,
wﬁﬁngtothisregislermonlydwinmp&

6.7.47 DMA Mask Register

P082 000F (Mask_Register) rw init: 00001110
Bit 1 is the dma_mask_bit. ' .
WﬁlingllobitOmblz(mns)thependlnsdmatrmm

Thisregis(erisdmﬂartoDMAwﬁtesingiemlskbitsinoewonly
have onc DMA channel on Cutoff.

bit 0 - 0: Clear DMA mask bit
1:SetDMAmaskbit(STATEAFl'ERRESETISB!‘!‘OISSEI')

bit[3:1) always reads set because that's what EISA would do if
on.lydm;chmnelzetowebeingmed.

bit[7:4) are reserved and always wired low.

6.7.48 Fifo Limit Register

F082 0010 (FIFO_Limit_Register) rw init: lm
{3:0} granularity of word transfers to peripheral
{7:4} granularity of word transfers to memory

NOTE: THIS REGISTER IS NOT OF THE EISA MODEL. EISA HAS NO FIFO.

. . : B i i ds in the
This register sets the SGC bus request fence in the FIFO. On a wme.mnsfer if the number of wor!

FIFO is less than or equal to the wlimit 2 memory read transaction will be.mastered on t.he SGC bus. Oﬂ.l
read transaction if the number of words is greater than or equal to the rlimit a memory wrnte transaction will
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be mastered on the SGC sesn’ i i
bus. The dma coatroller doesn’t release the bus until the FIFO is emptied or
bit[3:0] FIFO wiimit in words. Note: Only values 0,1,2,3,4,5,6,7
arevuﬁfl;aﬂothavnlmmiﬂeplmdwﬂldo -
something bad. Set to 0 after RESET.

bit{7:4] FIFO rlimit in words. Note: Only values 0,1,23,4,5,6,7
muﬁgi;nﬂmhavﬂuﬁmﬂleplmdwmlazo’sns'&’s
something bad. Writing a 0 to this field will
gencrate a flush to SGC. Set to 8 after RESET.

6.7.49 DMA Clear byte pointer

FO82 000C (Clear_byte_Pointer) wo init: byte pointer = 0.

The Clear Byte Pointer command clears the internal latch used to address

1 D the upper or lower

bit address and word count register. mmkmduwdawmmeyDMAwommMii:

Clear command. For details, please reference to the EISA 3.18. L
that needs to happen is a byte write to this spec 3. The value written doesn’t matter all

6.7.4.10 DMA Master Clear

FO&(:X)D(M::!:’;M) wo init: no value

write to this address clears the byte_poi and

o ;_pointer sets the

The Master Clear instruction clears the command, Status, and Request registers, sets the Mask register to

disable DMA requests and executes a Clear Byte Pointer :
that needs to happen is a byte write to this yte command. The valuc written doesn’t matter all

6.7.4.11 Clear Mask register

FO82 000E (Clear_Mask_Register) wo init: mask register = 1.
A write to this address sets the dma_mask_bit

The clear mask register command enables the DMA channel by clearing the mask bi i
m'gmmmm:ohmkammwm.dz& the bit. The value written

6.8 Testing

Testing the Parallel Printer Interface can be lished by hi i
ac P : p g a Centronics T
is capable of emulating all of the different peripherals supponedbythedengn.’wHMME‘T'

2330

HEWLETT-PACKARD

Version 1.1 HARDBALL 1/0 ERS Page 39

6.9 Timing Examples

OUTPUT (Host writes):

DATA | |: Host Drives

Host Drives
NSTROBE loeel
BUSY T | —l,__ Peripheral Drives
Nacx |1 I__I“- Peripheral Drives

“End of Last xfer (NACK pulse finished and Not BUSY)

“Start of current xfer
“DATA setup time will be the same as NSTROBE pulse width time

“NSTROBE standard min. width lus, handshakes with BUSY
“End of Last xfer
“Start of next xfer

INPUT (Scanjet protocol; Host changes direction then Scanjet writes to Host):
(H) Host drives.
(P) Peripheral drives.
(N) Neither side is driving low.
(B) Both sides drive low.

Wi/Nrd  (H) |
(Nafd)
A () N I-(P)

) ——
NSTROBE ___| ™ ® [
sy  (» | (B) [ I
NAK  (P) |- T

“End of Last byte xfered (NACK pulse complete and Not BUSY)
“Host sets up Scanjet read MIE 3 and BIDEN = 1
(then wait S microseconds. min.)
“Host signals direction change to Scanjet
~Start of Scanjet sending data to Host
“Enable DMA transfer via [MA mask
*No NACK is sent by Scanjet
until after the last byte
is xfered to Host

HEWLETT-PACKARD
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6.10 I/O Connector

36 PIN GONN
SIDE DB-25 PERIPHERAL

NSTB 1/0 1 1
DBO 1/0 2 2
DB1 1/0 3 3
D82 1/0 ‘ 4
DB3 1/0 s 5
B4 1/0 6 6
DBS 1/0 7 7
DB6 1/0 8 8
DB7 1/0 9 9
NACK I 10 10
BUSY 1/0 11 11
PE 1 12 12
SLCT 1 13 13
NAFD o 14 14
NERR 1 15 32
NINIT o 16 31
NSLIN o 17 36
GROUND - 18-25  19-29
GROND - - 19
GROUND - - 20-27
GROND - - 28
GROLND - - 29
. - 15
. - 16
- - 17
- - 18
- - 30
- - 33
- - 34
- - 3s

6.11 Electrical Specifications

See the Western Digital WD16C552 data sheet for details.
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D7, DATA7, Data

ACK-0, nACK, NACKNLG

BUSY-1, Busy
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IR/SO, ERRCR, paper ERRCR, PError
SLCT-1, SELECT, SelOut
WRnRD, WR/nRD, NAUTO_FEED_XT, MAutoFd
NFAULT, FAULT-0, nFAULT, nFault

NRESET, nRESET, nlnit

NSLCTIN, NSICT_IN, nSelectin, nSelln

(twisted pair ground returns see

the following group for breakout)

(twisted psir ground

NSTB)

(twisted pair ground

D0-D7).

(twisted pn.ix ground

BUSY)?7?

(twisted pair ground

NACK) 777

0 Vo

CHASSIS QD

+5 VDC

SIGNAL QD
ALXOUT1, Auxoutl

AUXOUT2, Auxout2

return for

return for

return for

return for

Version 1.1

6.12 Power Requirements

HARDBALL 1/0 ERS

See the Western Digital WD16CS52 data sheet for details.
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7. SERIAL CHANNEL COMMUNICATIONS
7.1 Introduction

chip.mm mmthel/Ombsmmuchbungfnﬂywmpaﬁblewhh!heNlﬁomlNSlﬁSSOA

The serial ports are type RS232C which is a serial tionc
N 7 communications interface
modmgwmmnk.mmdnﬁousotherrdaﬁvdybwsp“l . eqﬂfndlrd commonly used for

7.2 Overview

Hoawmmnniuﬁo-mthemhlmudmemudmdmisdmthrwgh”cmoﬂ'

73 Features

® Two ports implemented with two 9 pin male DB9 connectors w/Vectra/AT pinout
® EIA RS232C asyachronous type "D" supporting full CCITT V.24 modem control
® 5,6, 7, 8 bits/char

® Odd, even, none, oac, zero parity

® All cardinal baud rates: 110, 300, 1200, 2400, 9600, 19.2K, 38.4K

¢ 192Kbaud inbound w/no data loss w/software XON/XOFF flow control caly

® 230.4Kbaud inbound w/no data loss . o
software XON/XOFF flow control "/h"dmﬂﬂwmolmgtheklshnemmjmaionwhh

® Additional baud rates: 50, 75, 150, 600, 4800, 7200, 57, Long cables
] , 75, 150, , 7200, 576K, 115.2K, 230.4K.
MMMWMﬂm(ummm,mmmnmmm(owgbmm

o Lesthano.m%tkwmmulﬂﬁuedbudmselecﬁmwﬁmmzbaudmedock
¢ CTS (CB), DSR (CC), RI (CE), DCD (CF) modem status interrupts

® Scratch pad register available

® 1 start bit, and 1, 15, 2 stop bits

@ 16 byte inbound and 16 byte outbound FIFO buffers

® 1,4, 8 14 byte programmabie FIFO interrupt level

° Prognmmnbleloop-b.d:molfoneaing

® Supported as console w/HP TERM 0, ANSI, ASCII terminals

HEWLETT-PACKARD
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o mwmmm&mmwwmmNmusm

7.4 Register Set
The base address for accessing the serial interface registers is as follows:
@ Serial channel #1: 0xF082 380X
® Serial channel #2: 0xF082 280X
See the Western Digital “WD16C552 Dual Enhanced Asynchr Communications Elements (ACE) with
Parallel Port" or National Semiconductor "NS16550A Uni | Asynchr Receiver/Transmitter with
mm"mmfmmumfmmwmndmmwbhhfm
| regi ilable for channel #1 and channel #2 only, see the

For the special hardware flow gis!
Hardware Flow Control section.

7.5 Hardware Flow Control
Channels #1 and #2 only !

7.5.1 Introduction

Hudweﬂowwnuolkmpﬁshadbywnnomngthelﬂslinetotheperiyhual.thmprevemingdau
overrun errors in the input FIFO or input holdi register. This f is intended for use with high speed
serialdcviceswhid:mapableofquicﬂymspendingmhldn:umsfmmmehwmmekmﬁm‘s
droppedbythehostinterfweconuolluhndwe.

RTS hardware flow 1 helps p mmmmmmmmmm
not protect against a memory buffer overflow. XON/XOFF software flow I is still required to p
memory buffer overflows.

Caution: Some modems will drop carrier if RTS is deasserted.

7.52 Theory

mhndweﬂwmudkbmdummbehaﬁotofmeWDYﬁncmhg&mmWDwﬁﬁ
serial ller. If the bard flow | f is enabled, and the RXRDY line is active, hardware
willdroptthTSlimtothepeﬁphanWhenthemDYlim‘ inactive, hardware will
R‘l’S.thdweﬂowmuolisnmmbbd.mDYwﬂlhavenoaﬁeamthcdanﬂow.AIso.l.heR'l‘S
control register bit must be true to allow RTS flow control to work properly.

7.52.1 RXRDY Behavior

© RXRDY MODE 0: When in the SCC Mode (FCRO=0) or in the FTIFO Mode (FCRO)-L(F(;R:&-O)M
thcreisatIemlchmuinv.heRCVRFlFOorRCVRholdingregisle:,RXRDYwillbeamve: Once it
isactivnwd,R)GlDYwmgoinaivewhenthctcmnommechmaershtheFlFOwholdhgngmu.

© RXRDY MODE 1: In the FIFO Mode (FCRO=1) when the FCR3=1 and the trigger level or the timeout
HEWLETT-PACKARD
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has been reached, RXRDY will go active. Once it is acti P
miﬂmm“mﬁ:@g& it is activated, it will go inactive when there are no more

Refer to the National Semiconductor data .
modes of ion for this & book for the NS16550 for more details about setting up different

7.53 Host Interface/Peripheral Interaction

mm:‘nmmmmmmmmwwmwmmmwmmn
quu:kly. .posﬁblemprevenllm?mFIFOorhoIdmgregisterdaammdidon. Just how quickly data
transmission must be suspended will depend mainly upoa five factors:

1) The bost interface controller input FIFO trigger level setting.

2) The speed at which the CPU can service the FIFO interrupt.

3) The number of bytes that will be transmitted by the peri
‘m'm‘lwendronrpedlrythelmimmmn.mnm.r:eﬂplml'ﬁcr

4) The rate at which the FIFO will still be filled with the resi
coming from the peript the residual data

5) The rate at which the CPU can empty the FIFO data.
Whea the FIFO becomes em i ignali
fhe FIPO | es empty, RTS will be reasserted by the hardware signaling the peripheral to resume
7.6 Enabling Hardware RTS Flow Control
The address for accessing the following serial interface register is as follows:
® Secrial channel #1: 0xFO082 3804
® Secrial channel #2: (xF082 2804

7.6.1 Byte Address 4

® Write:

BIT
7-3 See WD data sheets.

2 normRTS: When set, allows normal non hardware R’
control. When clear, enables RTS hndweﬂwzon;sotﬂow

10 See WD data sheets.
® Read:
BIT

2 Unassigned.
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® Write/Read:
BIT
7310 See the Western Digital "WD16C552 Dual Enhanced Asynchroaous
Communications Elemeats (ACE) with Parallel Port” or
National Semiconductor "NS16550A Universal Asynchronous
Receiver/Transmitter with FIFOs™ data sheets for register
set access and bit information.

7.7 Power Up Reset
Thcsddnssioradirectedhnrdresctofthewialimerfmisufolbws:
@ Serial channel #1: 0xF082 3000
@ Serial channel #2: 0xF082 2000
or Note: WﬁdnganydautoEl‘l'HERofthm:bovemunay
locations causes hardware to pull on the master reset pin of

the WD16C552 chip which in turn will cause BOTH RS232
channels, the WD parallel port outputs, NSTB, NAFD, NINIT, and

NSLIN to be initialized to the reset state!

(kFO&lOOOWriﬁngmythingtoLhisaddrwaummﬂW
(also resets 8042).

OxPO&IC(nWﬁﬁngmythingtothisnddresaumresel'mw'
(also releases reset of 8042).

o Important Software notes:

Aherapowetupordireaedrmt.bootupﬁrmwueMUSTrekmthc
reset hold condition. There is no minimum wait time requiremeat, but
amdmwzmummwﬂmmmmw
after releasing reset.

For Directed resets to the 8042 software should p d as

£nll

® Write to address 0xF082 1000 to set and hoid the reset
iiti

© wait more than 100 microseconds then write to address
0xF082 1000 to release the reset condition.

® Software/firmware mustwaitmotethmdmmillisecondsbefm
aoeessingthewzmerldirecledresethsoccurred.
®[/0 subsyslemreselsareneatedthesameasadireuedresel.
Specific channel specific directed soft resets may be accomplished by writing to the appropriate Aregi.ster as
described in the "WD16C552 Dual Enhanced Asynchronous Communications Elements (ACE) w,t.h Paralle'l'
Port” or National Semiconductor "NS16550A Universal Asynchronous Receiver/T ransmitter with FIFOs'
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documents.

7.7.1 Caveats

Sec the cycle time requirements stated in section 6.58.
7.8 Testing

Testing mummeWwogmhgﬁeACEfmm
dmwhwhgeuyrmen to the serial port will be automatically mloopbukd (]wm b:fcxmmn. »h lh.ls mode
to test the port without actually having a peripheral attached. making it possible

For more thorough testing, an external cable wired to interface a DTE to DTE may be used for an external

loopback between serial 1 Softy £, ;
port #1 and #2. may then data both d . \ the two

7.9 1/0 Connector

Channel #1 and #2:

DTE HOST  HOST
HOST SIDE SIDE  DB-9
BUS SIGWMLS DIR PIN#  ALIAS NAMES

=99484486

I R NV N G P

AELA8E0

7.10 Electrical Specifications

For detailed information on the RS232C dard, see

i d, see the d "Interface i
Equipment and Data Communication ) . u ! Between Data Terminal
Standard RS-232-C". quipmeat "Employing Serial Binary Data Interchange™ and/or "EIA

HEWLETT-PACKARD

Version 1.1 HARDBALL 1/0 ERS Page 47

8. SCsI

8.1 Introduction

m(smmpmsmmm)kamwmmmwmmmmupe

drives, and other 1/O devices to a p system. NI workstations

as SCSI is becoming the defacto disc interface SCSI-1 consists of 8 bits of data at up to 4MB/sec of
transfer rate. scsx-zm,anmfmnpmlmlsecmmfermewkhswsmdupm

synchronous
40MB/secwithmenended32bilduabus.

8.2 Overview

The Hardball/CORAL 1/0 subsystemwillsuppmsml-zspedﬁaﬁonmdvm (HP Common SCSI)
command set. However, it will only support the 8 bitdmbmeonﬁgnmionandwillnotmpponndthcnhe
16 nor 32 bit data bus configuration.
TthCRSBCMinlelligentS(Slmnoﬂwchipismediandbaﬂ/OORAL It can transfer data at the
mximummeofwMB/secontheSCSlm On the bost bus side, lthuuon—dﬁpnbitDMAengine
wﬁnhhmhdngto&cMUﬂANthpom.mda'saiptmm,'whidlfudﬁk'sm
wmnnds:ﬁpafomssdlmmwnhmmmdhmmw For a detailed
dmipﬁmnfuwmeNcnsmm:mndmdwmmmgﬁdemu.

WMNmmwdmCmoﬁI/Odeﬁpkahmwmmm
whichimerfacebe(weentthmm&eSGCh&

83 Register Set
Following is the ded SCSI sub i mplookingfromthehostsidetotheSGCbus.Notethl

thebytcsareahe;dympped&om&eﬁe&dhn“mmdmmthel/ombmtom"mg
Endian” convention on the SGC bus.

Registeromisamdonlyreg"mu. Bit 2-0 are the SCSI initiator ID. Software should read these
lhreebiv.stosettth(Slsubsystem’leuminitinot.(l.e.Bitz-O-(Xl)meanst.heiniﬁamraddrmisO)
Bil3isthesmusbitfortheteminﬁonpaweronthcsﬁleonm. a "0" on this bit means power is lost.
Softwarecouldnsethisbittodetermineifminmuptfmmthcswsubsystﬂnisdnctothelmlof
termination power or other proper causes.

Regi.steroxFDSZSOOOisawritemlyregister. Awri!etothitrep'sterwillmuseadirectmenoth:SCSI
subsystem. ]

Registers 0XF0825100 to MBFmimplememedhﬁdcmchsm. See the NCRS3C700 data
sheet for the definitions of each field within cach register.

Bit 11:9 of Register (0XF0800024 also contains the Snakes System ID. Register (0XFOS0F024 contains the Rev
level of the IO subsystem.. Dﬁversanusethehfmﬁonintheabovemregis(mtoopﬁmiu
performance.
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Address (Hex) | Bvte 0 LByl [ Bwe2 | Bye 3
F0S00024 Status _(R) | [ ]

o0 | soleem ] ] l

| PO825004 RESERVED _
FOB250FF RF&.RVED
F0825100 | SCNTLO (R/W) | SCNTL1 (R/W) | SDID__(R/W) | SIEN _(R/W)
FO825104 | SCID (R/W) | SXFER (R/W) | SODL _(R/W) [ SOCL (R/W)
FOR25108 | SFBR__(R) SIDL__(R) SBDL (R SBCL _(R)
F082510C | DSTAT _(R) SSTATO_(R) SSTAT1 (R) SSTAT2_(R)
F0825110 RESERVED
FO825114 | CTESTO (R) CTEST1 (R) CTEST2 (R) CTEST3 (R)
FO825118 CTEST4 (R/W) CTEST5 (R/W) | CTEST6 (R/W) | CTEST? (R/W)
FO82511C | TEMP-BO (R/W) | TEMP-B1 (R/W) | TEMP-B2 TEMP-B3
FO825120 | DFIFO_(R/W) ISTAT (R/W) RESERVED
F0825124 | DBC-BO (R/W) | DBC.B1 (R/W) | DBC-B2 (R/W) | DCMD_(R/W)
FO825128 | DNAD-BO (R/W) | DNAD-B1 (R/W) | DNAD-B2 (R/W) | DNAD-B3 (R/W) |
FOR2512C | DSP-BO (R/W) | DSP-B1 (R/W) | DSP-B2 (R/W) | DSP-B3 (R/W)
F0825130 | DSPS-BO (R/W) | DSPS-B1 (R/W) | DSPS-B2 (R/W) | DSPS-B3 (R/W)
FO825134 | DMODE (R/W) RESERVED
FUS25138 | RESERVED DIEN (R/W) | DWT (R/W) | DCNTL (R/W)
FO82513C RESERVED
FO8251FF RESERVED
FORZFOZA 10 VCB I T |

8.3.1 Effects of data byte swapping

Swapping the data bus from the "Little Endian" convention on the 1/O Subsystem to the "Big Endian”
convention on the SGC bus means the following to the SCSI driver.

Definitions of cach ficld within cach register stay the same. For registers with address range from
0XF0825100 to 0XIFO82513F, refer to the NCR 53C700 data sheet - Rev 2.4 for more details.

to the registers set remains the same. €. g to access the SCNTLO register, the address
“SCSI_slot_basc_add + 00" should be supplied, to access the SCNTL1 register, the address
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"SCSI_slot_base_add + Ol(byte_offsct)” should be supplied, and etc .. In this case, the
"SCSI_slot_base_add" = 0XF08251.

l-‘otbytewidemms@lﬁmmwtodomwkmmmwm’hmm
in hardware. mfmmmmwmdm&“famwﬂdﬂm&m
offsets.

address with offsets data ficld on SGC
(04,8 and C D31- D24
15,9 and D D23 - D16

and E D15 - D8
3,7,B,and F D7 - DO

mednmwﬁchhmmm&mmbﬂqhk&cSCSldﬁwfsrmﬁbiﬁwwmbkM}mﬁ
medyhawﬂeuamﬁmmddmﬂemmmdyhnmdmm For example, if the
data 0x12345678 is intended to write to the DNAD register ( address = "SCSI_basc_add + 028" ), then the
data pattern 0x78563412 should be supplied from the bost on the SGC bus. The SCSI registers with more
one byte are listed below:

TEMP ( 4 bytes )
DBC (3 bytes )
DNAD ( 4 bytes )
DSP (4 bytes)
DSPS ( 4 bytes )

hmeabowmppedsmlmgimmp,mmmwhhmmmnmmmbmkmdmhmbﬁu
mdamﬁxisaddadtothcirmetoindimed:ebymnmber.. (ag.l?BC-BOmndsforbywOofthc
DBCW)RmmwmnthMan“WMh@anmwmn&em
significant byte.
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9. LOCAL AREA NETWORK (LAN)

9.1 Documemt Version

This is version 1.37 of the LAN section.

9.2 Introdmction

Hardball implessents a docal area network (LAN) to the 802.3/Ethernet standard. Ethernet is a 10 Mbit/scc.
packet-switched serial imerface employing Carrier Sease Multiple Access/Collision Detection (CSMA/CD).
93 Referemces

® Intel 82596DX/SX High-Performance 32-Bit Local Area Network Coprocessor
(Order Number 290219)

© Intel 82596 User’s Manual (Order Number: 296443-001)
© Intel 82596 Data Sheet Suppiement November 1989 (se¢ Rob Snyder)
© Intel Microcommanications Applications, vol. 1 & 2 (Order Number: 231658)

94 Nomenclsture and Conventions

Notet.huuhd”wafklﬁbin.mdaPA-RlSC'wd'isﬁbiu.Fromlcfttoridn,lntelmbeuitst
bits from 31 to €, whereas PA-RISC numbers bits from 0 to 31.

9.5 Overview

The Hardball built-in LAN is divided into two main blocks: the backplane interface to SGC and the
frontplane interface to the network cable.

The frontplanc consists of the Intel 82596DX - 82CS01AD chip set, plus a iver chip and associated
circuitry. The 82596DX is an intelligent, high-performance 32-bit LAN controller that interfaces between the
host system amd the 82CS01AD. The 82C501AD is an Ethernet Serial Interface that generates the 10 MHz
transmit clock fer the LAN controller, performs Manchester ding/decoding of the itted/received
frames, and prowides the electrical interface to the Ethernet transceiver cable (AUI). Programmers need
only be conceraed with the 82596DX.

To see how the LAN controller fits into the core 1/0 subsystem, please refer to the block diagram at the end
of this document. The &596DX has a four channel DMA controller which allows it to communicate directly
with the main memory via the SGC interface. The four channels are: CU (transmit header), TXD (transmit
data), RU (receive ‘header) and RXD (receive data). Following is a brief description of the shared memory
model, repeated without permission from the Intel 8259 User’s Manual, section 2.4.3. The reader is strongly
encouraged to comsult this book for information about the chip:

"To off-load the CPU the 82596 implements a shared memory communication system with
the bost CPU. The 82596 and CPU do not communicate directly, but rather through a
shared system memory "mailbox.” This allows the CPU to place commands in the mailbox,

ivate Chanmel A jon to notify the 8259 of delivery, and return to its other processing
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chores. mm%ﬁecbiumﬂbahmrwimmdimm&em
and executes them without further CPU interaction. Aﬁuthe&?ﬁ%mpuuns'mksn
phmtheremhsinsynemmoryndupdamthzmaﬂbo& bendm&?S%Usesm
hwmptlhewnodfytheCPUdtheptmofmmmﬂ...

operations, i the address
For normal DMA Onoﬂ'mfchGCmthem)('sbel!nf,mm
&/MWQMWMM&MMMMMM

9.6 Transaction Types ‘
Apan&omnumdmmminﬁonviashxed y, a limited ber of operations directly to the chip
are available:

9.6.1 Channel Attention . ‘
To'suw:ChanndAnenﬁontothc&ZS%DX,do:mdwritetotheLANGnmelAmuonRegster,al
0xF0826008. No data is iated with this operati

9.6.2 Port Access
The 82596DX’s "CPU Port" provides 4 functions:

® alternate System Configuration Pointer (SCP) address
© Dump command
® software reset

® self-test

Theponism«ymppeiltkamdwhhmmﬁwﬁ-bﬁmdwmawm. Valid

should be placed on the rightm ost/least significant/highest address 2 bytes. Theothsrmbytesue
::ndcﬁned. Fimpwritethz'Uppercommdeord”mdthenanerCommdeofd. See the 825%

Use:‘sManuaLpp.S—lS:S-ZOfowinsuuuionsonhowtoenwdcthedaa.

9.7 Reset

i software reset. In
mm%m:hmdwemegCPUPmm(we.PmAmmonM),mdn
addil.ion.awordwr‘uetothzI/Osnbsynmkwmmunmmmﬂumahﬁwemaofme
whole core I/O board, LAN included.

9.7.1 Consequences

Resetting the chip does NOT trigger self-test.

9.7.1.1 Hardware Reset

The hardware reset causes the chip to immediately cease all activity; the CU and RU become IDLE and
clear all internal requests.
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9.7.12 CPU Pert Reset
The CPU Port seact camses the chip to i diately cease all activity and a software reset.

9.7.1.3 Software Reset
The CU performs the following on recognition of a software reset:

© Terminates DMA activity.
©® Writes zeros to the SCB Command word.

© Triggers a hardware reset.

9.72 Protocol
9.72.1 Hardware Reset

After power up, the 82596 requires a hardware reset. Cutoff will do this automatically as.a result of the SGC
RESET.L sigmal, which by definition is asserted on power up. Code must wait for 10 system clocks and 5
transmit clocks (20 processor clocks + 0.5 microseconds for 10 Mbit/sec LAN) before doing a Channel
Attention after 2 hardware reset. The LAN subsystem hardware will not check for the proper interval
Mm_-mmwmmMAwmfm.mm
will cause the 82596 to access the SCP, which is located at 0x0O0FFFFF4 (or at an alternative address selected!
via the CPU Pout). After Channel Attention the 8259 will read the sysbus byte and begin the initialization
process.

9.722 CPU Pert Reset

For information an CPU Port operations, see Port Access scction above. A Channel Attention following a
CPU Port resct will canse the 82596 to access the SCP, which is located at 0x00FFFFF4 (or at an alternative
address selected via the CPU Port). After Channel Attention the 82596 will read the sysbus byte and begin
the initialization process. The CPU must wait for 10 system clocks and 5 transmit clocks (20 processor clocks
+ 0.5 microseconds for 10 Mbit/sec LAN) before issuing another Channel Atteation to the 82596. The LAN
subsystem hardware will not check for the proper interval

9.723 Software Reset
A software reset is available through (Intel numbered) bit 7 of the control command word int the SCB. It
can be used after the 82596 has been initialized and has the ISCP and SCP addresses.

9.8 Interrupts

Cutoff provides a uniform interface for all I/O interrupts, including LAN (see interrupt section of this
document). Interrupts are generated by one or more of the following events (from page 346 of the User's
Manual):
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® Execution of a Command Block with its 7 bit set ( CX
interrupt).

® Reception of a frame ( RU interrupt).
® The CU becoming not active ( CNA interrupt).
@ The RU becoming not ready ( RNR interrupt).

For more information about what these actually mean, consult section 5.3 of the User’s Manual.

9.9 Programming Considerations

. . . . . — but
Note: Several errata have been discovered in the Intel chip and Some are below,
firmware, Mwmd:afomtmﬁasmmpymgedwwkmemm

9.9.1 Endian Mode
Thcw%wﬂlbesetwopenleinbigendimnodewbempaﬁbbwithPA-RlSC. Programmers should
take care to consult the big endian sections of the various references.

9.9.2 Bus Size
Core 1/O provides a 32 bit data bus to the LAN controller.

9.93 System Configuration Pointer

Ox00FFFFF: is is unacceptable given memory configuration and other system
TMSCPdc:_:ulnlol ftw m;msm‘wpubhmmthelANPmSeba(weM?.bm
reset and first Channel Aftention. The reader is reminded that alternate SCP addresscs must be dvisible by
16. In addition, ws@m::ﬁ&hmmmay.mmdbookwgmwmgths@mROM,
bminHardball,theROMisonthecorel/Obond.andonSGC.eoreI/Oanonlyulktothehon.All
data structures must reside in main memory.

Plammkesuethnmybitsmukcd'x’intheSCPMpﬁonmmtoO. Intel informs us that the chip
will not work otherwise.

As always, see the manual for more information.

9.9.4 Sysbus Byte '
The sysbus byte must be located at byte offset 7. Following is a discussion of the sysbus configuration byte.
Please refer to section 5.4 of the manual.

99.4.1 Mode
Presumably.thz&S%DXwillbensedinthe”ﬁncar"mode. Set the bits accordingly.

9.9.42 Bus Throttle and Arbitration

brief, this i itrati i its HOLD line. Based on the
In this is how arbitration works: When the LAN needs the bus, it pulls its . t
corel/Optioltsilyschcme.Cmoﬂ'arbitmesforSGConthelAN’sbehﬂLthenyanunthebusbyasscﬂmg
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HLDA. The 82596 then has the bus for as long as it wants, which in general should be less than 5 us.

By default, we will not use the bus throttle features. To do this, set the TRG bit of the sysous byte to 1 for
external bus relcase triggering. The external trigger is bardwired inactive. These two measures in tandem
with the Cutoff arbitration mechanism allow the 596 to have the bus for as long as it needs to finish all
pending work. However, if during system testing we find that the 596 hangs onto the bus to the extent that it
degrades system performance, it would be desirable to have an casy (ic. run-time) way of 1) enabling the
internal bus throttle trigger by setting the TRG bit to 0, and 2) configuring the 596 throttle registers.

9.9.4.3 Locked Cycles

The LOCK bit of the sysbus byte should be set to O to ecmable "semaphore™ operations on
UPDATE_ERR_CNTRS and RCV_RBD_PREFETCH.

9.9.4.4 Interrupt Pin Polarity
The INT bit of the sysbus byte should be set to 1 to force the INT pin to be active low.

9.9.4.5 Channel Switch Algorithm
Intel informs us that the CSW bit of the sysbus byte must be set to 1 for correct chip operation.

9.9.5 Performance Considerations
99.5.1 FIFO Vector

Although the 82596DX has large FIFOs, 128 bytes on receive and 64 on transmit, certain system
configurations, especially in Coral, may impose long bus access latencies on the LAN. The FIFO has a
programmable threshold. If the FIFO vector (note this is not the same as the threshold value ) is set too
high, the chip will frequently request the bus, thus causing inefficiency due to arbitration overhead. Refer to
section 7.3, Setting the FIFO Thresholds, in the User's Manual. If it is set too low, the FIFO may overrun or
underrun before getting the bus. The moral is that we need to do lots of system performance simulations to
make a reasonable dation, and this p may have to be tuned after we examine real systems.
lnpuhologulcases.nmyalsobemrytogvecotellopmntyonSGCmV'nperdngnou
commands. Sec the scparate writeup on bus latency for more information.

99.52 Memory Organization

In general, simplified, lincar memory structures aligned on 4 byte boundaries, and larger size for data buffers,
will tend to help LAN hardware performance, but at a cost to efficient memory utilization.

9.10 Station Nodal Address

A permanent copy of the LAN Station Nodal Address is kept in location 0 of the non-volatiic RAM
(EEPROM). Consult the NVRAM section of this document for location and access information.

9.11 Ethernet
The hardware design is 802.3 compliant and Ethernet rev 2 compatible. There is no need for a jumper.
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9.12 Front Panel LEDs

mmwmmwmmmmmm There are no 1.EDs inherently
nsouned/wn.thcLAthiwe. It is the respoasibility of the firmware/driver/IODC/software to deal
with this. Hmmdwmrummw&uﬂmuhtbﬁutpudw See PDH

section for further information.
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10. PROCESSOR DEPENDENT HARDWARE (PDH)

10.1 Introduction

Fordeﬁnitionpurposes.thePDHindudesbootROM,mROMm-volnikmory,stunsswitr.hes.md
mulﬂ)s,uweﬂuﬂw&)ﬂshvembsystemwhhbms‘suoﬂheRTC,mdiomo:.deP-!-m.

10.2 System Boot-up Procedure

Umbw-mmMﬁﬂmdm&mmeOanmm. The first word in
the PDC 10 space is the HPMC vector address, 0xF0000004.

ThebootROMisbyle-wideandmustbembledin(owordformnfothostmmﬁon. The 1/0
suhsystemconn‘ollerwiﬂdothepropetbnembly.

103 Boot ROM
There is one 512Kx 8 EPROM available.
10.4 Non-Volatile Memory (EEPROM)

Thel/OsnbsystemhasmSKxSEEPROMwhichmybensedfors(oﬁngsyswmconﬁgnnﬁonmmmd

mmmufamofmeEEPROMgumwﬁreﬁnﬁlhyanIOyemsmamaﬁmumtmﬂm
of write cycles of 10,000 for any given byte.

10.4.1 Enabling Writes to the EEPROM

InotdetmwritetotheEEPROMthcmROMwritembleeonuolbitmunbesetbywﬁﬁngbil7toal
nmybyteaddreshmerangemmlmmmm. Clearing the bit 7 disables writing to the
EEPROM.

o Software should protect the EEPROM from unauthorized writes.
10.4.1.1 Writing Data to the EEPROM (non-volitile memory)

TthioorE‘EPROMfeaanATAbnpollinguamethodtoindiatetothehoasyswmt.hnthcbyte(s)
wﬁnendminguamomaﬁcinmﬂpagewﬁtecyde(mpmgnminque)hsmplewi DATA bar
pollinganowsasimplesoftwarebitlenoperuionlodctemincthesumsofthzmﬂ,elimmdng
additional interrupts inputs or external hardware. During the internal programming cycie, any attempt to
readthelASTBYTEwrittenwi]lproducethecomplememofMdataontheMSbit7(i=writedan-
Oxxx xxxx, read data = Lox xxxx). Once the ic progr ing cycie is plete, 1/0-7 will reflect true
data. The automatic internal programming cycle begins if more than 100 mi ds clapse b
successive bytes written into a page. Anempts(owritemybylesoncethcamomuicinmﬂprogrming
cycle begins will not succeed.
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The power up to read operation minimum delay is 0 ms.
The power up to write operation minimum delay is 4 ms.
Soﬁ“remywritetthEPROMmdingwthcfoﬂowingalguilhm:
© Enable writes to the EEPROM as previously described.

© Interrupts should be turned off. Software needs to avoid the
problem of another interrupting piece of code that also wants to
program the EEPROM.

® Wait 10 microseconds minimum (to satisfy the pre-write delay time
from any other previous polling operati which may have occurred).

OWﬁteanynumberofbywsbemeenlmd&whichmtobeloaded
into a page as determined by address bits [19:26] (big endian,
PA-RISC) or [12:5] (little endian). The bytes within a page may be
written in any order. (The page address is latched on the latest
byte written). Software must wait 1 microsecond< between
writing successive bytes within a page.

© Wait/poll for the write (or writes) to complete which typically
takes 3 ms and a maximum of 10 ms. Software may use the data polling
techniquendescribedwlizrdodeurmincihheamomaﬁcwric
cycle is complete for a page.

Software should not pt to write a different page unless the
EEPROM internal automatic page writc cycle is complete.

® If, after any byte is written, more than 100 microseconds clapse
ausingtheaummaﬁcimerulprognmingcydetobeg’n,aﬂ
subsequent bytes will fail to write. This condition should be rare.
However, to remedy this possibility, software should always verify
all the bytes which were written, repeating the write seq for
lnyby!eswhichdidno(wrilesuccessfnﬂy. ONLY the bytes which did
not write successfully should be rewritten in order to maximize the
useful life time of the EEPROM.

OCmﬁnuemeseqummyahumMneedwbewﬁnea.
© Turn interrupts back on.
® Return to normal software routines.

@ There are no software constraints for reading bytes from the EEPROM
once the programming is complete.

10.42 EEPROM Memory Map
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Base address for EEPROM = 0xF081 XXX

Offset Byte 0

0000 Byte 0 of LAN nodal station address

0001 Byte 1 of LAN nodal station address

0002 Byte 2 of LAN nodal station address

0003 Byte 3 of LAN nodal station address

0004 Byte 4 of LAN nodal station address

0005 Byte 5 of LAN nodal station address

0006 Byte 6 of LAN nodal station address

0007 Reserved for hardware configuration information
|

03FF -

0400 3K bytes reserved for EISA configuration information
|

OFFF

1000 3K minus 32 byte reserved for firmware usage
|

1EDF

1BE0 1K Reserved for diagnostic usage
|

1BFF

1C00 1K Reserved for EISA configuration information
|

1FFF

EEPROM write enable:

8000 EEPROM access enable

|
8FFF

A byte write of LXXXXXXX binary into the address offset range 8000-8FFF
enables write access to the EEPROM. The value of this bit

can be seen by reading any address from the address range 8000-8FFF.
The most significant bit is the ensble bit.

Any Byte Address in 8000 to S8FFF
Enable bit = Exxxxxxx
E = 0, writes are not enabled into EEPROM (this is default state, power-up
and other system resets should clear this bit, firmware shouid leave
this bit in the 0 state prior to exiting to ISL or the OS)

E =1, writes into EEPROM are enabled, allowing the contents to be changed.
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10.5 8042 Subsystem (RTC, Timers, Audio Generator, HP-HIL)

The 8042 Subsystem is composed of several 1/0 devices: battery backed Real Time Clock (RTC), gritem
Gmers, user timers, audio_generator, and HP Human Interface Loop -HIL). These devices are

Wﬁuhﬂ&ﬂ%%’ whichﬂ:'sewet"for devices. Access to the
devices 15 through the 8042 protocol under "Cutoff” control.

10.5.1 External Reference Documentation

See the document "System Device C ller Microp Fir Thca'yot‘OpaitionfotP.an
Number 1820-4784 Revision B, drawing number A-1820-4784-2 for complete &)42eu=rnalrefetenoedet'uk.
TbedmmeMwuwﬁummmgamhwprwhmmmmWod}mw.m
Serpent is leveraging the same subsystem, the document would also apply to the Serpent implementation with
the following exceptions:
address space (in HEX) have been remapped according to the
following table:
428001 - 0xFO082 1800 data I/O
428003 - 0xFO82 1801 status/control

478005 - OxFO80 0000 system device interrupt register
10.5.2 8042 Firmware Documentation

Software and "burn"” file references for the 8042 can be found in.document number A-1820-4784-3, "Software
ummmfmsmbmhmmmamm

10.52.1 8042 Reset

Reset control addresses:

(OxFO82 1000 Writing anything to this address causes reset "hold”
(also resets the Domain keyboard SIO #3 [no componeats
will be loaded for this port]).

(kFO&lG)OWﬁﬁngmyxhingtothinddressunsgsm
"mlease"(dsorekasesretetoftheDmmkFyboard
SIO #3 [no components will be loaded for this port]).

A power on reset also causes a reset HOLD condition.

Software must allow a minimum of 400 ms after reset is asserted before accessing anything in the 8042
subsystem.

During the 400 ms reset time, the 8042 performs a selftest.

©r Important Software notes:
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After a power up or di d reset, bootup fi MUST
release the reset hold condition. There is no software minimum
wait time requirement relcasing the reset, but access of the
8042 must not occur until more than 400 milliscconds after
releasing reset.

For Directed resets to the 8042 or Serial channel #3, software
should proceed as follows [this port is not supported; no
componeats will be loaded):

©® Write to address 0xF082 1000 to set and hold the reset
it

® wait more than 100 microseconds then write to address
0xF082 1C00 to release the reset condition.

® Software/firmware must wait more than 400 milliseconds
before accessing the 8042 after a directed reset has
occurred.

@ 1/O subsystem resets are treated the same as a
directed reset.

10.53 8042 Register Map

Therep'stﬂmpfwthc&MZsubsynemkdmibedhthzdmm‘SmDmcmoﬂu
Microprocessor Firmware Theory of Operation for Part Number 1820-4784 Revision B", drawing number A-
1820-4784-2.

10.5.4 Caveats for 8042 Accesses

Software should make certain HIL auto-polling is disabled before sending HIL access commands. If the HIL
bopdcdmmbuymspoodhgtonﬂopoﬂhgmmmdsﬁw&c&)llmhﬁmndsmyaml
command conflict and thus command execution failure.

NMy,WMMMWZm'M’&MMMMWnM One
mpdmmwus&wmmamwzmw,mmvfMaRBSﬂdeZ
in order to clear the “T passed self-test™ 8042 interrupt. The 8042 internal program takes some amount of
time to clear this interrupt bit. If software issues a command to the 8042 or reads the 8042 status before the
mummmmmmmmwmummmmmw
bit from getting cleared as well. There is no chance of this happening when instructions are being fetched
fromPDCorIODCROMbeuma-v_vor_d_wgsfmmBQMukes:bomlmCPUdock%allwing
more than enough time for the 8042 fo clear its interrupt bit. However, if softwarc is exccuting cache,
itwouldbepo@leforanmhersonamwmmmdtometooquicklythusmuﬁngtheproblem
mentioned above.

ll.t'thehmetisthease.doingadummyreadoft.heEPROMbdmissningm&)&commndislgood

4

watogwmee:hemdedddayﬁmeissaﬁsﬁed.
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10.6 Front Panel for Trailways, Strider, and Hardball

TnﬂwlysmdStﬁdermindndedformfm
Front Panel when units are in vertical position:

Trailways Strider Hardball
(Top) (Top) (Top)
1. +5 VOn (Grn)* 1. +5V On (Grmn)*

2. BR Diag/Lan Xmit* 1. BR Diag/Lan Xmit* 2. BR Diag/Lan Xmit*(LSB)

3. BR Diag/Lan Recv® 2. BR Diag/Lan Recv* 3. BR Diag/Lan Recv*®

4. BR Diag/Disc Act* 3. BR Diag/Disc Act* 4. BR Diag/Disc Act®

S. BR Diag/Heartbt* 4. BR Diag/Heartbt*® 5. BR Diag/Heartbt*

6. BR Diag 5. BR Diag 6. BR Diag

7. BR Diag 6. BR Diag 7. BR Diag

8. BR Diag 7. BR Diag 8. BR Diag

9. BR Diag 8. BR Diag 9. BR Diag(MSB)

10. Service ON (Grn) 9. Service On (Grn) 10. Service On (Grn)
Service Toggle 10. Service Pushbutton 11. Service Pushbutton
(rear)

Reset Pushbutton 11. Reset Pushbutton  12. Reset Pushbutton

(rear)

DC On/Of f DC On/Of f DC On/Of f

(on "anchor") (upper left) (upper right)
Notes:

- When "laid down" on a desk, Strider rotates CCW, Hardball CW.
-DCOn/Oﬂisahtchingpqhbunonwiuhonaﬂ.

- BR Diag: Abbreviation for "B Diagnostics™.

- LEDs marked with asterisks (°) are always visible. Other LEDs are behind
the door.

- All LEDs are Yellow uniess otherwise indicated.

. Strider's "+5 V On” LED is located near the On/OfT switch (at the top-left
of the unit, when the unit is in the vertical position).

- The first Trailways units will not implement the LEDs as shown above,

because the parts have aiready been designed H q units will
implement the LEDs as indicated.
- The "service™ Yy contact p switch is used to set 2
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"service mode” flip-flop in Strider and Trailways. This flip-flop

is cleared at power-up (by RESET.L). Provisions are made for manufacturing
to jumper this and force power-up in service mode. Trailways simply has

a slide switch to select Service or Normal modes. The “Service On” LED
reflects the mode the machine is in.

10.6.1 Hardball Implementation

See VSC Spec for signal pinouts, terminations, drive levels, etc.
10.62 +50n

LED tied to +5 output.

10.63 BR/DIAG

Aﬂa@nBR/DngLED:mdmenumﬂybyPDHundadnedsoﬁwne(PDC)mmL LSB and MSB
are indicated. Data on LEDDATA driven into LSB and shifted "down™ (when looking at above diagram).
Sense is TBD. Data is clocked by LEDSTB.L. PDC must take this line from 1 to 0 to 1 for each shift while
writing the same data both times. In software, then, this is simply two writable lines that don't glitch.
Software should be able to write these control lines without concern for inter-write wait times.

10.6.4 Service

Machine mode is readable by PDC in a bit that indicates state (SERV.NORM). In Hardball, the storage
flip-flop is on the Connector Board. (see VSC) High (truc) indicates Service mode.

10.6.5 Reset

In Hardball, this switch maps to "Transfer of Control”, a non-maskable interrupt that goes through Viper to
the CPU. When the button is pressed, TOC.L is momentarily grounded.

PDC must debounce (as in PCXN).

NOTE: The processor should provide a pullup on this line, per VSC.

10.6.6 DC On/Off

In the On state, POO is grounded by the switch. In the off state, it is pulled up by the power supply.
10.7 Cutoff Status LEDs Control and Status Register Access

The design objective is to have as few wires as possible connecting to the front panel status LEDs, and
switches.

For the LED control, 8 bit chunks of data will be serially shifted automatically into a register located on the
front panel. An eight bit register on the core I/O board is required to accomplish this function.

The O.S. must maintain a data image shared by SCSI, LAN and FDDI drivers that reflects the current state
HEWLETT-PACKARD
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of the front panel The OS. should also be respoasible for periodic updates of the front pancl LEDs to

mmmmm;w@mmmmmumwmmmmvom
status register. Other system status information may d as indi b below.

10.7.1 Status LED Control Register Map

Byte address 0xF080 0020

S/WloadsthebytemdhardwemlomatiuﬂyshiﬁstheBbitsomtothe&ompanel.withthemost
significant bit first.
Bit 0 is least significant bit and bit 7 is the most significant bit.

Theregisterdoesnothvemdapnbili!y.

10.72 Status Register for the I/O Subsystem

WORD address 0xF080 0024

Forthefollowingtable,bitoismtheridnmdisleas!sipiﬁunn

® Read
BIT
[20] SCSI ID. (see table below )
(2:0) SCsI ID
000
001

010
011
100
101
110
1

N eEWNRO

3 SCSI termination power. Power lost = 0.

4 LAN AUI fuse status. Fuse biown = 0, fuse intact = 1.
Note: This is only valid when the AUI port is selected.

[6:5] LAN jumper status
hardcoded to 01

7 SCSI select. 1 indicates 2X speed clock is selected; 0 indicates
1X speed clock is selected.
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8 Front panel Service/Normal toggle switch value.
1 indicates Normal mode. 0 indicates service mode.

[11:9] SPU ID from board jumpers.
000 = Cobra
001 = Coral
010 = Bushmaster
011 = Hardball
100 = Scorpio
Other values = reserved for future machines.

[13:12] Network ID
00 = LAN-8023
01 = undefined
10 = undefined
11 = FDDI

14  Fast/Wide SCSI termination power. Power lost = 0.

15  FDDI speed select. 1 indicates 1X speed clock is selected; 0

indicates SX speed clock is selected.
16  LAN controller signals muxed:

0 =no

1= yes
[31:17] Undefined.

o Differences from ASP to Cutoff status register: LAN jumper status is hardcoded to 01 which was the AUI
mm%mmﬁwrwm%mAmmm. Added bits for FDDI speed
select, network ID, and Fast/Wide SCSI termpower.
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11. FAST WIDE SCSI

111 Introduction

meﬁs@lmnkmwwmmbMMmmdﬁm In this
ERS,FASTW&MMMS(SIMINMWMWDEMMMMM
bits on the SCSI bus. On the Outfield system board, FWSCSI is a scparate disk interface (in addition to the
msmwmmlmma)mawfammwdum

112 Overview

The FWSCSI interface on the Outfield system board coasists of the following componeats:

11.2.1 NCRS53C720

The NCRS53C720 is a SCSI controller chip. It has a 32 data bit DMA interface on the host bus side which
transfers data at a maximum rate of 97 Mbyte/scc. On the SCSI bus side, it has a 16 bit differential data bus
with' data rate of 20 Mbyte/sec. For more details and features regarding to the NCR 53C720, see the
reference list.

’l'thCR53C72()isopenﬁngal33Mhz(BCLK)ntheDMAimatfaceudehz(SCLK)atMSGl
interface. Toukeadvmageof&eaahebwmodc.hnmochwhichhMMﬂmdammer&eeof
the controller is used on the board. This also implics the big endian conveation is used.

11.2.2 FWSCSI control block inside the Cutoff ASIC

The FWSCSI control block inside the Cutoff ASIC interfaces between the NCR53C720, SGC bus, and the
shortstop ASIC. In addtion to the control signals, this biock also handles the translation of the size lines
from the NCRS3C720 to byte enables on SGC.

1123 FWSCSI fifo inside the Shortstop ASIC
TbeFWSCSIﬁfoinsidetheShomtopASlCisusedtobuﬁudanto/ﬁ-omtthCRS:;C‘TZOsuchthatSGC
bus bandwidth is utilized efficiently. For instance, if the NCR53C720 is doing a DMA write to memory, data

i.sﬁrststotedlotheShonstop;thenthesamednaiswrimnwmorythmughSGCatthemuimnmdau
msfetmcbymgthebnrﬂmodewhilemeNmkwndnningtoptherdnafmmtheSCSIm

11.2.4 Miscellaneous discrete components

The Miscell discrete comp relating to the FWSCSI interface are the Termpower circuit, the 543
address buffer, and the 33 Mhz clock generation circuit.
—_— e e e

113 References

® NCRS3CT720 SCSI 1/0 Processor
HEWLETT-PACKARD



Version 1.1 HARDBALL 1/0 ERS Page 66

© NCRS3CT20 Programmer’s Guide
114 Supported Transactions on SGC

The FWSCSI interface supports (as slave) or initiates (as master) the following transaction on SGC.
11.4.1 As a slave on the bus

® Byte read
® Half-word read
® Word read
©® Byte write
© Half-word write
©® Word write

11.4.2 As a master on the bus

© Byte read

© Half-word read

® Word read

© Burst mode read

© Byte write

© Half-word write .
©® Word write

© Burst mode write

.

11.5 Supported Transactions on NCR53C720

:EheDMAhwﬁu,tthmwinbnsmodez The transactions used on the outfield board

1L5.1 As a slave on the bus

@ Byte read

® Word read ( 16 bits )

© Long word read ( 32 bits )
© Byte write

® Word write ( 16 bits )

® Long word write ( 32 bits )

11L.5.2 As a master on the bus

@ Non-Cache-Line Burst byte read

© Non-Cache-Line Burst word read ( 16 bits )

© Non-Cache-Line Burst long word read ( 32 bits )

® Cache-Line Burst read ( 4 long words )

® Non-Cache-Line Burst byte write

® Non-Cache-Line Burst word write ( 16 bits )
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® Non-Cache-Line Burst long word write (32 bits )
® Cache-Line Burst write ( 4 long words )

11.5.3 Self-access mode

Sdf-mmmkawdmmaimhwmmeNmmMthamm(
instead of memory ). Self-access occurs when the HP-UX driver executes the register to memory move
inmnaion(aspedﬁcmeoflhememotytomunotymovew-ipt) \

Thcontﬁddboudsuppmutheseﬂ-mmodebmmqtﬁresthcdﬁmtosathcmllbili.ndwCTBTO
WEMNmmwiptbdmmmememuymmhmcﬁondem
TT1 bit afterward.

11.6 Performance

Thissecﬁmgivessometmﬁvelowlevelperfmnumbe:ssnchasFWS(SI’sd;ummfetmcon
SGC and on iodbig{31:0] when the NCRS3C720 is a bus master. ( refer to the board block diagram )

AmMMNm%mmmduqmm&MmmedoaMMoﬁ
8 words transfer per bus arbitration. These numbers could be changed accordingly if the burst size equal to
16.

11.6.1 SGC

1L6.L1 Burst Data Rate

TthWSCSImbsynemshwldbeablcwpmvideonemdofdanemySGCdodqde. It would take 9
cycles to transfer 8 words per arbitration. lndudinchydu(?)forubimdmmhead.theuusfernle
should be 8 words per 11 cycles for DMA write and read. Note that this number excluded the number of
wait states from Viper.

With Viper wait states included, Vipamtrmsfet2wordsevery3cydesinhmtmode. For reads, Viper
needs another 210 ns for the initial memory access. This means that for the FWSCSI subsytem with Viper as
tllememorycomoﬂer.itukesﬁcydesto&mdﬂSwordsinDMAwﬁumdncydesinDMAread. (
assuming 30 ns cycles ) Tnnshﬁngin(oMBylH/wC,DMAwriteisapproximuelyﬂbeytu/wcmd
DMA read is 44 MBytes/sec.

11.6.12 Non Burst Data Rate

Forthzl’-WSCSl,ltmkes4cydcslodoanonbunttnnsaaiononSGC.ThisocczmwbentheNCRSSCTlO
is fetching SCSI Scripts from memory. Normally there are 2 transactions per bus arbitration. the arbitration
averhudinlhisusekAcydesbeausethedauisno(buﬂ'eredinShonstop.Shmstopisw.inglikel
u'ansparenldnabuﬁermddauisgoingdirecﬂyfromtheNCRSWtoSGCo:visaversa. Therefore, the
transfer rate is 2 words per 12 cycles. Again.thisnumbctexdudedthcnnmberofwni(smesfrom\ftpﬂ.
ThisseemstobeslowbutSaip(DMAshoﬂdbeabou(7peteentofalltheDMAﬁ-omtthd!53C7m.(
from measurement )
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11.6.2 iodbig[31:0]

1L62.1 Cache-Line Burst Rate

The NCRS3CT720 takes 5 cycles to transfer 4 long words. Including 2 cycles for arbitration over head, this
means the transfer rate is 8 words per 12 cycles.

1L622 Non Cache-Line Burst Rate

The Non Cache-Line Burst rate on the iodbig{31:] should same as the SGC Non Burst data rate which is 2
words per 12 cycles.

117 Register Set

Next page is the expanded FWSCSI subsystem register map looking from the host side to the SGC bus.

In register 0XF0800024, bit 5 is the FWSCSI-TERMPOWER bit and is related to the FWSCSI subsystem.
this bit represents the state of the termination power on the FWSCSI 68 pin connector. a "0" on this bit
means power is lost. Similar to the single ended SCSI subsystem, the HP-UX driver could use this bit to

detect if an interrupt from the FWSCSI is due to te lost of the termpower or other proper causes. The .
driver should wait a minimum of 100 microseconds after a lost of termpower before reading the FWSCSI-

TERMPOWER bit to allow sufficient time for the circuit to reset itself.

Unlike the single ended SCSI sybsystem, there is NO SCSI ID bit for the FWSCSI in the status regiser
0XF0800024. MNCRSWaummuﬂybadsSCSIIDW(hghwpnmuymthemmbium)
into the general purpose register after a reset to the chip. Software needs to a regi gis
movesmpttomovethemwmoﬂhegenualpm’poseregner(GPRBG)tolheSCSlIDregster(SCID)

Register 0XF0830000 is a write only register and is implemented in Cutoff. A write to this register causes a
hard reset to the NCR53C720 and the FWSCSI fifo in Shortstop.

Register 0XF0830004 is the NT register (number of transfers). It is a write only register and is implemented
in Cutoff. Bit[1:0] of the NT register should have the same value as the BL1 and BLO bis in the DMODE
register insdic the NCRS3C720 ( address = 0xf083013B ) Software should set the NT and the DMODE
registers first before exccuting any SCSI scripts. Although this is a write only register, its value could be read
via the Cutoff Status register ( address = 0Xf082020 )

Registers 0XF0830100 to 0XF083015C are implemented inside the NCR53C720. Sec the NCRS3CT720 data

sheet for the definitions of each field within each register. Note that the address used is in the big endian
convention.
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Address (Hex) | Byte 0 | Byte 1 | B2 | Byte3
0800024 Starus_(R) ] | I
FOR30000 SCSI reset (W) = }
FO830004 NT
FO830008 ™ RESERVED
FORS00FT. RESERVED
F0830100 SCNTL3 (R/W) | SCNTL2 (R/W) | [ SCNTLI_(R/W) | SCNTLO (R
FO830104 GPREG__(R/W) | SDID _(R/W) | SXFER (R/W) | SCID__(R/W)
FO830108 SBCL (R/W) | SSID (R) SOCL _(R/W) | SFBR (R
FOS3010C___| SSTAT2_(R) SSTATL _(R) SSTATO__(R) DSTAT _(R)
FO830110 DSA __(R/W)
FO830114 RESERVED ISTAT (R,
FO830118 CTEST3 (R) [ CTEST2 (R) [ CTESTI (R) CTESTO0
F083011C TEMP__(R/W)
FU830120 CTESTS6 (R/W) CTEST5 (R/W) | CTEST4 (R/W) | DFIFO (R
F0830124 DCMD_(R/W) DBC__(R/W)
FO830128 DNAD _(R/W)
F083012C DSP__(R/W)
FO830130 __DSPS_(R/W)
FO830134 SCRATCHA (R/W)
F0830138 DCNTL (R/W) | DWT (R/W) DIEN (R/W) | DMODE (R
FOB3013C ADDER _(R)
FO0830140 SIST1_(R) SISTO_(R) SIEN1_(R/W) SIENO_(R/W)
FO830144 RESERVED SWIDE_(R) SLPAR (R
F0830148 RESERVED STIMEL (R/W) | STIMEO (R/W)
F083014C___| STEST3 STEST2 STESTI (R) STESTO (R)
FO830150 RESERVED SIDL_(R)
FO830154 RESERVED SODL_(R/W)
FO830158 RESERVED SBDL_(R)
FO083015C SCRATCHB_(R/W)
FO830160 RESERVED
FOR0IEE RESERVED
FORF0Z: 10 VCB | |
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11.8 Addressing the registers inside the NCRS3C720

Tom&escmsmﬁnu,mmml_ﬁb(_hse_add+(l)"shouldbempplied.wam§the
SCNTL2 register, the address "FWSCSI_slot_basc_add + 01 (byte_offset)” should be supplied, and etc ...
For the FWSCSI subsystem, the "FWSCSI_slot_base_add™ = 0XFU8301.

wi d
0,48 and C D31 - D24
L,59andD D23 - D16

and E D15 - D8
7,B,and F D7 - DO

The registers can be accessed in 8 bits, 16 bits, or 32 bits. To read the DBC register ich is 24 bits,
software should the entire 32 bit at address 0XF0830124 and then extract the 24 bits belongs to the

DBC register.

119 Initializing the registers related to the FWSCSI subsystem

hmfmmmmmmm,hkmyhmmmmﬁumgmm:

‘Imponm!thisMUSTbetheHRST:hvemafxerrﬁet. Set the Enable
AMedge(B\)HthDCNTLth(mMymSLACK/
to TA/ in slave mode.

Addess for the DCNTL register is 0xf0830138

* Execute a register to a register move script to move the content of the
GPREG to SCID to set up the SCSI ID in the 53C720. The SCSI ID is set to

0x07 in the GPREG register after a reset.

* the CDIS bit in CTESTO ( 0xfo83011B ) should NEVER be set.
Cahee burst should be always cnabled.

‘mtommmwmmmmmhmmmdw
sﬂthemllbilﬁtwiptanddwthemllbixdwmﬁngm
instruction. Refer to the Self-access mode section for details.

‘SetthnNnmbetofTrmsferM')regiﬂﬂinsichmoﬂ'lNADDmONtomﬁng
the BL1 and BLO bits in the DMODE register The value of the [1:0] bits in

the NT register and the BL1, BLO bits should have the

same values. They should be cither 4, 8, or 16. Address for the NT bits
register = 0xf0830004

"H 2 "laterrupts”
Immpu&omtheNCRSBCmemdthronghCutoﬂ'bdorebeingsendtoSGC Since data are first

storedinShonuopfmachebmstwﬁtesudmds,imeﬂuptsnepoaponediftthWSCSlﬁfoin
Shortstop is NOT empty. Refer to the interrupt register inside Cutoff for more details.
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12.0.1 Refer to Vivace ERS.
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13. FDDI 133.1 Memory Map for the AMD Formac Plus
mmwmompmnugwmmmwmmwmmmmwmo
This d will make ref to the following documents: pack bytes out of the controller onto SGC we will oaly use the low word (D0-D15) of the SGC when
amsﬁng&emudht.ﬁhm&emmoﬂmwtomadlﬁmhnwmlomthcm
AMD - "The SUPERNET(tm) 2 Family for FDDI", 1991 Data Book
ferencing the MAC ller and PHY interface chips.
Hewiett Packard - Standard Graphics C jon Specification Address R/W Word 0 Word 1
(A-5960-1585-1) F0831000 W CMDREGL NA
NA
. ; F0831000 R ST1U
Hewlett Packard - Cobra/Coral I/O Subsystem ERS version 1.41 1004 W CMDREG2 NA
Hewlett Packard - ASP Theory of operation version 10 FO831004 R STIL NA
FOR31008 R ST2U NA
FO3100C R ST2L ::
13.1 INTRODUCTION F0831010 R/W IMSK1U A
FO831014 R/W IMSKIL Y
The FDDI (Fibre Distributed Data Interface) is intended for use in a high performance general purpose F0831018 R/W . IMSK2U_ NA
multi-station network and is designed for efficient operation with a peak data rate of 100 Mbit/s. It uses a FO83101C R/W IMSK2L Y
token ring architecture with optical fibre as the transmission medium. FDDI provides for hundreds of FO831020 R/W SAID
stations operating over an extent of tens of kilometers. ’ F0831024 R/W LAIM RA
FOS31028 R/W LAIC NA
132 OVERVIEW F083102C R/W LAIL NA
F0831030 R/W SAGP NA
. . . . F0831034 R/W LAGM NA
The Hardball 1/O subsystem will support the FDDI protocol by implementing an interface from the AMD e R/W LAGC NA
Formac Plus chip (Am79C830) to the internal SGC. The AMD provides local buffer support and a single F0831038 LAGL NA
port to access the data for the host CPU this data port will provide data into the Shortstop IC (fifo) at the F083103C R/W T Y
following rate: - F0831040 R/W MDRE(
. - . . F0831044 R STMCHN NA
The transfers to and from the AMD buffer memory will be controlled by logic in the Cutoff chip. This — MIRL NA
operation does not require any address generation by Cutoff as the AMD handles the buffer memory access. F0831048 R —MIRO NA
The Shortstop chip will receive/send the data based on the internal IDMA state machine control logic. F083104C R NA
The transfers to and from system memory (via SGC) will be controlled by the external EDMA state machine FO831050 R/W -rvx“'w{ Y
and control logic. This EDMA will nced address pointers, counters, interrupts, status, and control in order to F0831054 R/W T NA
move the data between Shortstop and system memory. All of these registers are defined below. F0831058 R/W IR oy
The FDDI interface located on the slider card will have interface ID bits for the CPU to determine which of FO83105C RIW TNE""G NA
the different slider cards has been inserted into the core I/O card. Refer to the Status Register section of 0831060 R NA
this ERS for more information (section 10.7.3). F0831064 R TMRS
FO831068 R/W TREQ NA
FO83106C R/W TREQ1 NA
133 Memory Map

TABLE 13-1. AMD Formac Memory Map
Below is a map of the registers for the FDDI subsystem, refer to the AMD FDDI chip set for specific

information on the registers within these ranges.
0xF083 1000 - FDDI MAC, PHY, and DMA Registers 4k bytes
to
0xF083 1FFF
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1332 Memory Map for the AMD PLC
Address (HEX) R/W Word 0 Word 1 ; i its wide. Therefore rather than ing to unpack into and
FO831070 R/W PRIO NA mmmmmmm::onlymws:‘dhc. mthelaw dm?gt:fmsc?:vhu
F0831074 R/W I’RXT packl‘vytesomofthemolluoanGCwe only use word (D0-D15)
NA accessing the controller.

FOS31078 R/W PRI NA

F083107C R/W TSYNC NA

F0831080 R/W MDREG2 NA

F0831084 R/W FRNTHR NA Address (HEX) R/W Word 0 Word 1
FO831088 R/W EACB NA FO831200 R/W PLC_CNTRL A NA
FO83108C R/W EARV NA FO831204 R/W PLC_CNTRL_B NA
F0831090 R/W EAS NA F0831208 R/W INTR_MASK NA
F0831094 R/W EAAQ NA FOS3120C R/W XMIT_VECTOR NA
FO0831098 R/W EAAL NA FOS31210 R/W VECTOR_LENGTH NA
FO83109C R/W EAA2 NA FOS31214 R/W LE_THRESHOLD NA
F08310A0 R/W SACL NA F0831218 R/W C_MIN NA
FOS310A4 R/W "SABC NA FUS3121C R/W TL_MIN NA
FUS310A8 R/W WPXSF NA FOS31220 R/W TB_MIN NA
FO8310AC R/W RPXSF NA FO831224 R/W T_OUT NA
0831080 R/W NA NA FO831228 L NA NA
FO8310B4 R/W RPR NA F083122C R/W LC_LENGTH NA
F08310B8 R/W WPR NA FO831230 R/W T_SCRUB NA
F08310BC R/W SWPR NA F0831234 R/W NS_MAX NA
F08310C0 R/W WPXS NA FO831238 W TPC_LOAD_VALUE NA
FO8310C4 R/W WPXA0 NA FO83123C w TNE,LOAD_VALUE NA
_F08310C8 R/W WPXAL NA FO831240 R PLC_STATUS_A NA
F08310CC R/W WPXA2 NA FO831244 R PLC_STATUS_B NA
F08310D0 R/W SWPXS NA FU831248 R TPC NA
F08310D4 R/W SWPAXO0 NA FO83124C R TNE NA
F08310D8 R/W SWPAX1 NA FOS31250 R CLK DIV NA
FO8310DC R/W SWPAX2 NA FOR31254 R BIST_SIGNATURE NA
_FO8310E0 R/W RPXS NA " FO831258 R RCV_VECTOR NA
FO8310E4 R/W RPXAQ NA FO83125C R INTR_EVENT NA
FO8310E8 R/W RPXAL NA FO831260 R VIOL_STM_CTR NA
FO8310EC R/W RPXA2 NA FUB31264 R MIN_IDLE_CTR NA
F08310F0 R/W MARR NA FO831268 R LINK_ERR_CTR NA
FO8310F4 R/W MARW NA

FO8310F8 R/W MDRU NA TABLE 13-3. AMD PLC Memory Map

FO8310FC R/W MDRL NA 1333 FDDI DMA Register Memory Map

FO831100 R/W TMSYNC NA The registers in the FDDI DMA section are being defined as 32 bit wide registers. Since the data path into
F0831104 R/W FCNTR NA Cutoff is only 8 bits wide (D0-7) the byte steering logic will have to be used.

F0831108 R/W LCNTR NA

F083110C R/W ECNTR NA

TABLE 13-2. AMD Formac Memory Map(cont.)

HEWLETT-PACKARD HEWLETT-PACKARD



Version 1.1 . HARDBALL I/0 ERS Page 76
Address (HEX) R/W Data _
FOR31300 R/W FDDI_DMA _ADDR1
FOB31304 R/W FDDI_DMA_WC1
FOS31308 R/W FDDLD DR2
FOB3131C R/W FDDI_D_%%DQ
FO831320 R FDDI_XMIT_REQ
FOBS1124 R/W FDDI,DMA _CNTRL
FOB31128 R/W FDDI_DMA STATUS
POB31RC R/W FDDI_DMA_INTR
P0831330 R/W FDDI_DMA_INTR_MSK
Fof31334 R/W FDDI_SUBS_RST

TABLE 13<4. FDDI DMA Register Memary Map
1333.1 DMA Register Definition

Therewin:;:::ﬂeDMAeonuollnmCuoﬂ, It will be shared between reads and writes. This DMA
coatroller two linked register sets. When the DMA completes on the first the second
set will automatically be started if the transfer size is not zero. regiter set

Each register set will kave a host address and a transfer size (word count). In addition, there will bes
direction and prierity quenc information (to be passed to the F+) shared by both register sets.

Since the DMA path is half-duplex, and the driver will normally want to leave it programmed for inbound,
the transmit /receiwe switch requires a semaphore, similar to the SR71.

The hardware performs a crude checksum on inbound data. The checksum will likely span both register sets.
Aﬂdau&umthebumﬂbemdudedmthecbe&m,mewddmnumerpmhm The
checksum value can be read from 1/0 space. The read has a side effect of clearing the register.

1333.1.1 FDDI_DMA_ADDR1
This is the 32 bit address in the first DMA address/count pair.

D15 D14 |D3 D12 | D11 | D10 | D9 | D8 | D7 | D6 [ DS [ D4 | D3 | D2 | D1
AlS | Al4 | AT3 | A12 | A11 | A10 | A9 | AB | A7 | A6 | AS | A4 [ A3 | A2 | X

|8

TABLE 13-S. FDDI_DMA_ADDR1

D31 | D30 | D29 | D28 | D27 | D26 | D25 | D24 | D23 | D22 | D21 | D20 | D19 | D18 | D17 | D16
A31 | A30 | A29 | A2 | A27 | A26 | A25 | A24 | A23 | A2 | A21 | A20 | A19 | A18 | A17 | Al6

TABLE 13-6. FDDI_DMA_ADDR1(cont)

HEWLETT-PACKARD
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133.3.12 FDDI_DMA_WC1
This is the word count for the first DMA address/count pair. The LSB of the DMA coun is in DO (ie. to
move one word program FDDI_DMA_WC1 = xax000000000001).

D15|D14|D13{D12| D11 | D10 [ D9 | D8 | D7 | D6 | DS | D4 | D3 | D2 | D1 | DO
X [x |x [x |wci|wcio{wco|WCs|WC7|WC6|WCS[WC4|WC3|WC2]WC1| WD

TABLE 13-7. FDDI_DMA_WC1

13.33.L.3 FDDI_DMA _ADDR2
This is the 32 bit address in the d DMA address/count pair.

D15 | Di4 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6
Al5 | A14 | A13 | A12 | A11 | A10 | A9 [ A8 [ A7 | A6 | AS | A4 | A3 | A2 | X

TABLE 13-8. FDDI_DMA_ADDR2

D31 | D30 | D29 | D28 | D27 | D26 | D25 | D24 D23 | D2 | D21 | D20 | D19 | D18 | D17 | D16 |
A3l | A30 | A29 | A28 | A27 [ A26 | A25 | A24 [ A23 | A22 | A21 | A20 | A19 | Al8 | A17 | Al6

TABLE 13-9. FDDI_DMA_ADDR2(cont)

133.3.1.4 FDDI_DMA_WC2
This is the word count for the second DMA address/count pair. The LSB of the DMA count is in DO (ie. to
move one word program FDDI_DMA_WC1 = xoo000000000001).

D15|D14|D13|D12| D11 | D10 [ D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
X [x [x [x |wci|wcio|wee | WC8 | WC7 | WC6 | WCS | WC4 | WC3 | WC2 | WC1 | WOO

TABLE 13-10. FDDI_DMA_WC2

1333.1.5 FDDI_XMIT_REQ

ilable. And if available the read op will also

cause

logic to acquire the DMA if clear the
FDDI_REC_DMA _RDY bit. .

o Bit 13,14 FDDI_DMA_SEMAO,1, the table below will indicate to the driver if the resource has been
obtained. This will never read 00 as the act of reading this register will change the

FDDI_DMA_SEMAUO,1 to 01 if the DMA resource was available. :

HEWLETT-PACKARD
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FDDI_D! FDDI_DMA_SEMA1 Current Function

0 None

Transmit to FDDI in progress

Receive from FDDI in progress

Ll (o8 (=0 (=]

1
0
1 None

TABLE 13-11. FDDI_DMA_SEMA(1,0] definition

1333.1.6 GLOBAL READ DATA FOR x1C THRU x28

All reads of the DMA registers in this address range 0xFO83131C through 0xF0831328 will also provide the
FDDI_DMA_DEMAO,1 and FDDI_REC_DMA_RDY in bit locations d13,14,15 respectively.

13.33.1.7 FDDI_DMA_CNTRL

This register will contain the bits to coatrol the FDDI DMA state machine. These bits are the following:

© bits 0,1 CHSREQ, These bits have similar definitions as the HSREQ[2-0] in the AMD FDDI Formac
MmlﬂB.)OndHSREQIgohg&ommoﬂto&emeﬁedtoguhﬂ.mﬁnahobe
the last event grior to the DMA beginning, prior to this the address and count registers should be set.
This results in the following function: : i

CHSREQ1 CHSREQO HSREQ2 HSREQ1 HSREQO FUNCTION

0 0 0 0 0 None

0 1 0 1 1 Read Regquest: Receive Queue
1 0 1 0 0 Write Request: Sync. Queue *
1 1 1 1 1 Write Request: Async. Queue

TABLE 13-12. CHSREQ[2:0] definition
* Not Supported.

e Bit 2 CSUM_ACCUM, This bit when set will cause the Shortstop IC to accumulate a data checksum
M&eﬁaktmﬂedmmelcnkﬁmionisoulyavaﬂableondaumminginﬁ'omthenemk
and into host memory.

oBHBGWDMUBGS.MWWWtOMDWM)deWmd
DMA registers (saves 3 SGC accesses on packets less than a page in length. When set to 1 the clear will
occur.

o Bit 45 FDDI_DMA_SEMA, These bits will indicate to the different processes who owns the DMA
resource.

HEWLETT-PACKARD
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FDDI_DMA_SEMA0Q FDDI_DMA_SEMA1 Current Function

R A

0 None

Transmit to FDDI in

Receive from FDDI in

L= (=0 Lol (=]

None

1]
1
1

TABLE 13-13. FDDI_DMA_SEMA[1,0] definition

0Bil6FDI_REC_DMA_RDY,ThisbiIMmtomwuemmmpm@ﬂmd
wmu@nmhwmmogmedfmammmATAWmmman
provide a dary function of indicati toanlSRwhidtpmofapukethadjustbeenmuvedﬁ’on
AMD buffer memory into host memory.

Register bits 7-12 are not defined at this point.

133.3.1.8 FDDI_DMA_STATUS

Thisngiauwiﬂpmﬁdehdinﬁmsof&cmoimFDDlDMAmoﬂuuwunmmFm

Plus if possible.

onhoDMA_COMPLThBH&.@hm(an«thMm
(FDDI_DMA_WC1,FDDI_DMA_WC?) registers equal 0.

oBitlTAG_SEEN,Onnrewiveﬁ'omthcnmktheAMDFmPluswiBMa.:igmlBDTAG
wmmwmgmmmmhmemmuhmmm'of@emw&apnt
mmhth'sbkmwbemnwdbytthmoﬁuShmnopH/W?Thsbumﬂbeammmﬂﬂy
jeared when the checl is read from the Shortstop.

Reg'sterbiuz-llarenotdeﬁnednthispoinl-

133.3.1.9 FDDI_INTR

Thisregistcrwillprovidcreawnforthehs(intmpttotheCl’U.
oBitOMACl.lN'l'R.ThisbitkmedwbentheANDFmPlunm'Rls'ign’lb'ewmumM.
Thisbitwil!haveposidvelogicassodaledwithit(ie. when the nMINTR1 asserts this bit will go to 1, and
will reset to 0).
oBhlmmkagWMMAMDFm.Plu{mwbewmum
Agﬁn.seltolwhcnuMINTRlisuﬁvemewhznanTMnmmvemdrm
-anmmmmumwmqepwuwmmwmhm
nINTPLC.Ainn.senolwhennINTl’LCisamve
and 0 when nINTPLC is inactive and reset.

« Bit 3 RDATA, This is the RDATA signal coming from the Formac Plus. Upon receive the DMA
controller will be preset to receive mcofthedauhtoahxﬁu.wmmepmcmudht. cm.nplews
t.hisopemionitwilluuscasyszemmmmmispoimthedﬁvermymwmp@sgerfo
detcnmn'cthzcausemdifi(seestheDMA_COMP(lacr)mdtheRDATAmten-nptbussetuwlll
know that a packet has partially been received.
-Bix‘DMA_COMP,Thiswillbecomese(wthheDMAmdmmtregistm

DI_DMA_WCLFDDI_DMA_WC2) equal 0 after a DMA. had been requested. This bit
a(FuxDomALially clear after being read and will not become active until after a DMA request.
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Register bits 5-12 are not defined at this point.

1333.1.10 FDDI_INTR_MASK

mmmmmmmmmwmswaﬁMMAthw

wmmwmdm'wmuwwm:omump(mmmmmiswwmmw

masked 0.

The bit definition is :

 Bit 0 MAC1_INTR_MSK

o Bit 1 MAC2_INTR_MSK

o Bit 2 PLC_INTR_ MSK

o Bit 3 RDATA_MSK

o Bit 4 DMA_COMP_MSK

0BitSMUL’l'LCAS’l‘_Bi,Thisbitwillenablethcenerul(totheAMDFomacle)multiustdeteaion
bg'cltwasphwdhaebeamiuﬁkctheintmuptmukbilsistypiaﬂyamm

1333.1.11 FDDI_SUBS_RST

Awrhetothisaddrsswmamtheenﬁremblmbsyswmmbemetwk'siniﬁdm

133.4 RECEIVE CHECKSUM .

ThisdeﬁwamemorybuﬁmthﬂthesymwﬂlmdmﬂinmtheCmoﬁlemmptthew
lCtoptewntthcmulueddw&mmontheSGC.

Address R/W Word 0 Word 1
F0831400 R REC_DATA_CSUM_LW REC_DATA_CSUM_HW

TABLE 13-14. Receive data Checksum from Shortstop

13.4 EXAMPLE DMA TRANSFER (TRANSMIT)

Thiswillprm;wopoceduseot’theFDDlDMAmuoﬂetinotdcrtomoveaFDDlpmketfmmbos(
memory into AMD Formac Plus buffer memory.

oAsemblepmkctinhonmuioryspmmmder,dau.mdMnm.

oRudlheFDDXM_RBQnginetuddaemminhemphorehubeengruM If semaphore
hasnotbeenylmedthedﬁvermmmixunﬁlitanbeobuhed.

o Program the FDDI_DMA_ADDR1_LW and FDDI_DMA_ADDR1_HW to the desired address and the
FDDI_DMA_WCI to the desired count.
olflhceoumisgrealuthana4Kpag=thesecondFDDlDMAwiﬂhavetobeprognmed.

e Program the FDDI_DMA_CNTRL to CHSREQG,1 = 11, CSUM_ACCUM = 0, CLR_SECOND_DMA_
REGS to 1if < 4K and 0 if >4k, and keep the FDDI_DMA_SEMAGQ,1 (=01).

« The write to CHSREQ will automatically cause the DMA process to begin.

-‘l'beDMAm'llnmvptoceeduntileithermmororacomplewdDMAwﬂlansennimmpt.Whenthc
ISR hzenogalesmcuuoﬂhleﬂumregiser:gwduusfﬂﬁﬂshwmmm_DMA_COMPmd
MAClMﬁsmmemeMmmmemthmmFm
le.lfanhispoimtthLC.lNTRissetitmustbeinvesﬁgned.
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oAlso.uthispointtheRDATAﬁgnﬂwddbeamnowthedﬁvummmﬁmMamkhh
process (via FDDI_DMA_SEMA bits) and ignore it.
OWhmtheronﬁnekhnmplaedmeaimmmnmtheFDDLDMA_SEMAbywﬁﬁngww
these bits in the FDDI_DMA_CNTRL register.

13.5 TRANSITION FROM TRANSMIT TO RECEIVE

Mp’mwmprowed&mwwedwumhmjmm

o Now if the RDATA is set the receive cannot begin as the DMA address and count have not beea set up.
e The driver will now program the FDDI_DMA_ADDR1_IW,FDDI_DMA_ADDR1_HW, and the
mbwmwatommmmdmmmtmmukmﬁwmu
o When the driver has set the address and count it must then set the FDDI_REC_ DMA_RDY bit and the
CL&SECOND_DMA_REGSW(mhgthepwﬁmdmeWwbeuMmedamomaﬁnﬂyk
Iessﬁnna&page).hkwiﬂindiu&!otheinmdmeeiwmumhinethtifRDATAbemﬁ
active and the FDDI_DMA_SEMAGO,1 are available the fer to host y may begin.

13.6 COMPLETION OF THE RECEIVE

ThkprmwiﬂbeginwhenmeRDATAﬁgnd&om&eAMDFmlebemuuﬁundmm

has been preloaded to receive data.

o When RDATA betomes active the FDDI DMA state machine will attempt to obtain the FDDI DMA
wmnphoreonlynﬁertthDDl_RBC_DMA_RDthkaﬂowingthcamomaﬁcm

. lfthesemaphorehmﬂableortheFDDLREC_DMA_RDYisuotsettheRDATAwmwﬁt

ochemaphoteisavuihblcmdtheFDDl_REC_DMA_RDYisu(thein&mﬂmuadﬁnewﬂlset
thesebin(ﬁ)Dl,DMA_SEMAo.l)tolockouunytnnmilmdseltheCHSRBQbi!smlOvhichbeg’m
the DMA into host memory.

*** NOTE the FDDI_REC_DMA_RDY bit must remain set at this point also. ***
o When the CPU receives the interrupt it must look at the FDDI_INTR register.
o IF RDATA = 1 and FDDI_DMA_SEMAQ,1 # 10 the interrupt was from some other source and
must be investigated.
OIfRDATA-landFDDI.DMA_COMP-lnweﬂutheFDDLDMA_SEMAO.I-IOmd
FDDI_REC_DMA_RDY-lthkismindiadonthnthehaderhubeenremiwdhtohon
memory and the processing of that data must occur.
-Aﬁatheprmsingofr.bedmthctddresmdcoumregistzrmmbeprogmedswellumetﬁng
FDDI_REC_DMA_RDY (write 0), keep the FDDI_DMA SEMA, set CSUM_ACCUM, and program
msmmltolo.mm&gdmmmwmb@nmm&mmm

(DMA).
o Now the CPU will receive another interrupt and will have to decide what it is.

o If DMA_COMP = 1 and FDDI_DMA_SEMA =10 and FDDI_REC_DMA_RDY=0 the DMA has
completed. The reason the FDDI_DMA_REC_RDY was tested is that RDATA may already be active
ayinandthedﬁvcrmustknowihhcinteﬂuptwas&omthcheadareceivea'hednareeeive. .

o Any other bits in the FDDI_INTR must be investigated.
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Multi-cast Address comment
7277272 7?7 XX SMT multi-cast address block
| 090009 00000X HP proprictary multi-cast address
09 00 2B 00 00 0X HP proprietary multi-cast address
77NN NN (unknown) ‘

TABLE 13-15. Additional Multi-cast Addresses

These addresses are located inside a PAL that will be located on the slider card. The cutoff will supply the
enable signal only to this PAL.

13.8 PERFORMANCE

Dependencies:

1. The NIKE Transport interface must be implemented in HP-UX for
the Series 700, and Cobra FDDI must be treated as a NIKE device.
In particular, Cobra FDDI needs the following NIKE features:

Page remapping on inbound packets
User-to-system copy skipped on outbound packets
Transport must allow the data link layer to handle checksums
Lightweight (real mode) interrupts

2. The Cobra FDDI driver must implement an optimized (assecmbly language)
routine to copy and checksum the mbuf chain containing the outbound
packet into a single, properly aligned dma buffer.

3. The Cobra FDDI driver will assist the hardware in ensuring that the
inbound user data is aligned on a page boundary. This is accomplished
by having the driver handie one lightweight interrupt per inbound
packet to perform a header/data split.

4. On inbound packets, the hardware performs only a crude checksum of the
data. The driver must fix up the checksum caiculated by the hardware.

Method of Analysis
HEWLETT-PACKARD
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For the sake of analysis, it is useful to divide network overhead into 4 main parts:

L P . head
2. Copy cost

3. Checksum cost

4. DMA interference .

Processing overhead is per-packet. When measured in us/KB, this gets better with packet size. Copy and
checksum costs are generally per-byte, and don’t vary with packet size.

DMA interference is the wild-card. This is the lost CPU time when cache operations to memory are not
serviced immediately due to interference with card DMA. It up attempts to any of the other
three directly. Veryoﬁm,mmuremenuofthcothcr!hmhaveaminmmdeMAimeﬁm
factored in.
Ifwealculaet.heoverheadrcprmedbyachpanintermsofus/ph,mnnmthmtogenhetom
overhead per packet. With some unit conversion, this number can be turned into MB/sec throughput.

Transmit ———

The Cobra built-in FDDI will look like a NIKE card to the Transport Layer. This means that Transport will
pnspoimmtotheuserdau,wizhameopyhgmche&smmhgigwthedanlhkhyu. On X-15, these
functions were literally executed by the hardware. On Cobra FDDI, the copy and checksum will still be done
wmmm.wmmummw,mmmmuwmmm.

Transmit Overhead per packet:
Measuredinus/KB,theprowsﬁngmrhudwiﬂnrywhhbahlheCPUpowuudthcp.cketsiu. To
aﬂwwnvcnionbeweendiﬂmtuchhmwmedanmbuthnmbemuemdﬂym
wummmpmmmmommmammmmusmm
overhead per packet in "Dhrystone Instructions/pkt".
Sinoewe'reimerestedinTCPperformmm,whmweneedismesﬁmacothﬂPS/pukufotTCP. Since
tth-lSwddoesnodaucopying.weangetahmdhonthistromI.ookingan.heperfomnceofx-l.i‘
Sincex-lﬁusesahighpemenngeoftthilverfoxbus.DMAinterferenumymaketheX—lSnumberslook
a little high. At least we can take it as an upper bound.

X-lSnchicved7.5MB/seconTCPmd10MB/scconUDP. Assuming the Silverfox host is 14 DMIPS
(14E6 DI/sec), we get:

TCP throughput : ~ 7.5 MB/sec
7.5 MB//sec x 1024 KB/MB x pkt/4.5 KB x sec/14E6 DI = 122E-6 pkt/DI

= 8200 DiI/pkt

UDP throughput : ~ 10 MB/sec
10 MB/sec x 1024 KB/MB x pkt/4.5 KB x sec/14E6 DI = 162E-6 pkt/DI
= 6150 DI/pkt

The UDP number is interesting as a sanity check. instruction counts for UDP

show 8000 instructions/pkt, of which 3116 are processing, 2494 are user-sys copy, and 2390 are checksum.
Taking the value of 3116 inst/pkt for processing, the 6150 DI/pkt derived above would result in a CPI of
approximately 2 for the networking code (i.c., the "MIPs derating factor” is 05). This is, in fact, the value
people usually use. So, 8200 DI/pkt is probably a pretty good value.
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Using a value of 57 DI/us for a 720 (57 Dhrystooe MIPS):
200 DI/pkt x 1 us/57 DI = 144 us/pkt (720)

We can derive similar numbers for a 730 or a PCX-T (assuming a MHz to MIPS coaversion for PCXT of
115):

8200 DI/pkt x 1 us/76 DI = 108 us/pkt (730)
8200 DI/pkt x 1 us/92 DI = 89 us/pkt (PCXT)
Copy/pack/checksum

Tommwmhmklwp,mﬁdamkmhdtowpy/pmk/dedmmnm
line.

First consider the cache operations. The first load and the first store will causc misses. Assuming that the
lines to be overwritten are dirty, this will cause two copy_out/copy_in operations ("dirty misses”). At some
point the code will also explicitly flush the store line. However, this isn’t really a third copy_out, since it
results in a "clean” line. The next time a miss occurs to that hashed address, a copy_out will be avoided.
Hence, there is a net of two dirty misses.

So, we have two dirty misses, plus the actual copy/pack/checksum code execution.

Onam.ach&tqmuppnﬁmndynqd&remlﬁnghawpy/pd/m“dn‘z+45
= 87 cycles to process 32 bytes:

87 cyc/32 bytes x 4096 bytes/pkt x 1 us/50 cyc = 223 us/pkt (720)

Assuming the same cache miss penalty on the 730:
87 cyc/32 bytes x 4096 bytes/pkt x 1 us/66 cyc = 169 us/pkt (730)
estimate the cache miss penalty on PCX-T as 33 clocks:

111 cyc/32 bytes x 4096 bytes/pkt x 1 us/80 cyc = 178 us/pkt (PCXT)

Note that the PCX-T ber may be vh pessimisic.sineetheu:hehimabilityof?CX—stould
cache miss on the store from a copy_out/copy_in to just a copy_out.

Again, lets use UDP numbers for a sanity check. The checksum in this loop is esseatially free
(squeezed into dead cycles), so we can use UDP copy instruction count of 2494 directly:

87 cyc/32 bytes x 4000 bytes/2494 instr = 4.4 CPI

DMA Interference

An FDDI transmit corresponds to an SGC "guest” READ of host memory. There will be a latency to first
access of "6 clocks, then Viper will insert one wait for every two words transferred.
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Thus.al6wordb\nstuk56+8‘3-BOSGCdoch.
nmmmxomnmmyumummbmmmmumcww
represented by DMA would be:

30 clks/64 bytes x us/25 clks x 4160 bytes/pkt = 78 us/pkt (720)
30 clks/64 bytes x us/33 clks x 4160 bytes/pkt = 59 us/pkt (730)
30 clks/64 bytes x us/26.67 clks x 4160 bytes/pkt = T3 us/pkt (PCXT)

Nae:smmnmmundummpmmmmm.mmmm + 64 = 4160
bytes/pkt.

ThmmmbernprmmmuppubounisimemCPUwiﬂnudmyssuﬂhnmedmdy. If the CPU were
menuncmavengeofmcydcsbefmsuﬂing.lhuembenmuhdwpbymthiri

Note that these numbers represeat SGC transfer rates of 51 to 65 MB/sec.

Transmit Performance - Adding it all up
thanMAhwﬁmwemdkealynlmlmthemaﬁmmthmghwtmumhbyuﬁngthe
inmseofmzus/phnnmbetmddoingwmemitmvuﬁm:

pkt/(144 + 223)us x 409 bytes/pkt x MB/(1024)"2 bytes
x us/1E-6 sec = 10.6 MB/sec (720)

pkt/(108 + 169)us x 409 bytes/pkt x MB/(1024)"2 bytes
x us/1E-6 sec = 14.1 MB/sec (730)

pkt/(89 + 178)us x 409 bytes/pkt x MB/(1024)"2 bytes
x us/1E-6 sec = 14.6 MB/sec (PCXT)
If we plug in the worst-casc overhead due to DMA interference, we get:

pkt/(144 + 223 + 78)us x 409 bytes/pkt x MB/(1024)"2 bytes
x us/1E-6 sec = 8.8 MB/sec (720)

pkt/(108 + 169 + 59)us x 4096 bytes/pkt x MB/(1024)°2 bytes
x us/1E-6 sec = 11.6 MB/sec (730)

pkt/(89 + 178 + T3)us x 4096 bytes/pkt x MB/(1024)"2 bytes
x us/1E-6 sec = 11.5 MB/sec (PCXT)

Note that this is DATA throughput. Although!hebandwidﬂlofthephysinllinkislz.SMB/sec-.wdau
throughpmislowerduclohnden.linkpmtooolwhead.elc. "Linkme"forFDDIisuml!ydeﬁnedn
10-11MB/sec.,sowecanexpeatotransferulinkmeonaTBOorPCX-Thost,mdverynwlmkmeona
720. :

Receive ———
Receive performance could be analyzed the same way as transmit, but it’s not really necessary.
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Although the processing overhead on receive is slightly higher than on transmit, the complete climination of
data copies for SNAP packet reception virtually guarantees that any of the bosts will be able to receive SNAP
mnﬂﬂm The only overhead is the per-packet protocol overhead, plus onc additional
“lightweight" interrupt per packet.

This is confirmed by expericnce with the X-15 card. Although the X-15 card does the header/data split in
hardware, it turns out that, due to an optimization for the NIO bus, the X-15 code actually takes one
additional "hightweight” interrupt per packet as well. Therefore, the overhead on receive should be nearly
identical betweea X-15 and the Cobra FDDIL.

Since X-15 is able to receive at full link rate using a processor with onc-third the Dhrystone MIPS, clearly
Cobra FDDI should have no trouble receiving SNAP packets at full link rate.

Reception of nom-SNAP packets will require one data copy. This is equivalent to transmit, except that
receive processing overhead is slightly higher. Therefore, non-SNAP packet performance will probably be
slightly lower than the transmit performance cited above.

Cobra FDDI

Overview:
There will be a singie DMA controller in Cutoff. It will be shared between reads and writes. This DMA!
controller will have two linked register sets. When the DMA completes on the first register set, the second
set will automatically be started if the transfer size is not zero.

Each register set will have a host address and a transfer size (word count). In addition, there will be
direction and priority queue information (to be passed to the F+) shared by both register sets. The path to
Cutoff is only 8 bits wide, so the simpiest implementation would be to map these registers as one or more
byte registers. However, this is not optimal from cither a software or performance point of view. A
cost /benefit analysis is still needed.

. Since the DMA path is half-duplex, and the driver will normally want to leave it programmed for inbound,
' the transmit/receive switch requires a scmaphore, similar to the SR71. Details have not yet been worked
out.

The hardware performs a crude checksum on inbound data. The checksum will likely span both register sets.

All data that crosses the bus will be included in the checksum; the card does not interpret headers. The
\checksum valuc can be read from /O space. The read has a side effect of clearing the register.

Inbound: ——

When not transmitting, the driver will leave the DMA controller programmed to transfer enough bytes of the
next packet to ensure that the header (and possibly some data) gets transferred to memory. The F+ will be
programmed to offset the packet by 3 bytes. This will cause the data in SNAP packets to be long-word
aligned.

When the F+ indicates that a receive packet is available, the DMA ller in Cutoff will transfer this first
block of the packet to host memory, and give a "DMA complete” interrupt.

This will be handled as a "lightweight” interrupt. The ISR will examine the packet header to determine
whether the packet is a SNAP packet and where the data starts.
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packe i i ed with the
If it is a SNAP gthedmwdlakeadybelong—worduhped(beumtth+wa:sprognmm

3!;;!'::&;&). mBmewmmmbﬂswtoammﬁu(mmmmm
t.hewuy),t.henpmgmtheDMAmuoﬂcrtommfenherslohhepukatothnbu!fu.md‘m In

f NFSpanket,thelSRwillprommtthMA 1l Eodo to two
bm:ﬁxﬁzh‘;cﬁnofmebuﬁasmwmummdmmmLheﬁ:stb}lﬂ'e:,udthcdanm

nmhabuﬁa.ﬂepukaproweﬁngwﬂlommdu'hawwi@'hmmptm
mwmy.m/mmmumwmmmnmud.mmm
. packe‘ . transfer the of the
notSNAP,thelSRwillhxvetoprognmtheDMAmollerto er .rest'
minmto:;uortwobuﬂ'asuapptoprialc.zhnwiﬂhmtoeovythcdantoreqhgnndnmgm
heavyweight" interrupt processing. . .
driver cboosctomnsfermotethmtheminimumnumbetoﬂmsonthcﬁx:stDMAmorderto
::elctohmzysmallpacketswithasindeimmupt 'I‘hisisamdeoﬂbetween‘th.epu.lonmallpacket:smd
the extra copy time on large packets. Simethzbytceountkpmpmmable.thsnsenurelyuptothedmer.
’ . . . . . 0

Inbound DMA will be terminated upmuonofthepmgnmmedwrdeomogpquugmdmnm
fromtth-#.Eizhetmuscwﬂlgenbcyrmmhmmpgmdthelskwiﬂbeabhtodmgmshm&om!hc
othetbylookingat.heFDDlimmptregister.

Outbound: ~———
Shce&e&noﬁDMAmoﬂudoesmdomybytepuhn&mednmmmpukthemegwku
one or more buffers before DMA'ing it to the card. Note'thaallbuﬂetsemepnhchstmmtbegnmdend
on 4-byte boundaries. All checksumming is done by the driver.”

Also, the driver i responsiblefmaeaungandappcndmsthcdemptorvdueuthemdofdupacku x
Oltoﬂl;MAco:uonmwiﬂammaﬁaﬂymnngmthehstmwds.oftheuamfer. Note that this
memthnpackmmnyNEVﬂlSPANMORE‘ﬂ-lANTWOBUFFERS.mtheCmoﬂ'DMAmtrolkr
wil]imetpretexpintionofthewordcoumastheendofthepukﬂ.

Having buﬂ&epadcg&cdﬁmmuﬂmuke&cmpb«g.thmmmbmwoﬂﬂtomm
the packet to the F+ buffer memory. Sineethuemtworegs}c{ms,thnsanbem;dam
evenifthctransfercmedsoneﬂ(page.TthMAconuollerwﬂmmptonmplcuonot:thlsDMA,’n
whichdmeth:dﬁvermnychoose(omdmo(hupacku.otpmgmtheDMAconuollerformboundm
The first register set will lly allow f uptonords(sxl?ytes).Th.iswillredwtheomhead
onhrgepackelsiftheOSenvironmenlallomthedﬁmtoreqn&phyuaﬂymngnousm

Cutoff FDDI DMA Regis
FDDIDMA_ADDR_1 30 bits FDDI_LDMA_WC_1 12 bits
FDDLDMA_ADDR_2 30 bits FDDI_DMA_WC_2  11bits

FDDI_DMA_CONTROL  xx bits
HSREQ[0-2) 3 bits

FDDI_DMA_SEMAPHORE
FDDI_DMA_STATUS  xx bits

DMA_COMPLETE 1 bit
INBOUND_TAG_SEEN 1 bit
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FDDI_DMA_CHECKSUM 32 bits
FDDI_INTERRUPT 6 bits FDDI_INTERRUPT_MASK 6 bits

Notes:

The first WC register is 1 bit wider than the second to allow OS’s capable of allocating physically contiguous
pages to transfer a full packet without using the second register set.

Both WC registers are 1 bit wider (12 bits rather than 11 for WC_1 and 11 bits rather than 10 for WC_2)
than necessary allow the max value of 1024 words to be programmed directly, without funny issues of what
2er0 represents.

The semaphore and control bits are a little fuzzy still. These may be combined.

Status bits only refer to FDDI DMA status. These might actually be combined with other FDDI status bits
in another register.
mchecksmregingrnmaﬂyreddsh&eShonnopcﬁp.Amdofthisreginerwinumecmoﬁtowll
Shortstop to dump this register onto SGC. Cutoff will take care of the timing.

There will probably be only a singe fddi interrupt bit in the ASP interrupt register. To determine the actual
source of an FDDI interrupt, the ISR will have to examine the FDDI_INTERRUPT register.
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14. Rapid Harmless DMA

This function is embedded in Cutoff and performs 10 subword DMA writes at full SGC bandwidth. Its
primmpnrposektoﬁxaprobhmwkh“pu.dauﬂ)edhthcmmmms.

Address Size Ra Description
0xF0833000 || byte w Rapid harmless DMA address byte 0 (high)
0xFO0833004 e w Rapid harmless DMA address byte 1
0xF0833008 || byte w Rapid harmless DMA address byte 2
0xF083300C | byte W Rapid harmless DMA address byte 3 (low)
0xF0833010 || byte w Rapid harmless DMA execute - any value will do
| 0xF0833020 [ byte | R/W | Rapid harmless DMA done

Programming Model:

RH_DMA_ADDR[0:3]):

Address for DMA writes. The least 2 significant bits of RH_DMA_ADDR(3] (ic. the byte offsct) are
ignored. The address must be initialized by firmware before writing the execute register. The initial value
after reset is NOT guaranteed. All 10 writes occur to this address.

RH_DMA_EXECUTE:
Causes Cutoff to request the SGC bus and perform 10 subword writes to RH_DMA_ADDR at full SGC
bandwidth when granted the bus.

RH_DMA_DONE:
Only the least significant bit is valid. Initial value: 0

0 1
Read || not done | done
Write || reset to 0 | no effect

The RH_DMA does NOT interrupt on DMA done. The RH_DMA_DONE register is set to 1 after the last
SGC transaction but before Cutoff gives up the bus. After writing RH_DMA_EXECUTE, the processor
shouldpollt.heRH_DMA_DONEtegister\mﬁlilremmsavalucofL The register should be reset to 0
before the next RH_DMA_EXECUTE. WEIRDNESS ALERT: To write the RH_DMA_DONE register,
write the RH_DMA_DONE address (0xF0833020). To read the register, examine bit 7 (most significant) of
the Cutoff Status Register (0xF082F020).

DATA:
The value of data written by the DMA transfer is not guaranteed.
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Fixing PCXaa00105:

To implement the Viper fix

1 Set RH_DMA_ADDRI((:3]

2. Set the following bits in Viper's MEMORY_CONTROL register:
a REFRESH[0:11] = GxFF7
b. SCOL = 0bl
c. PCWAIT = 0bl
d. RCDELAY = (bll

3. Write RH_DMA_EXECUTE

4. Poll RH_DMA_DONE until it returns 1

5. Write a value of 0 to RH_DMA_DONE

6. When RhDMA is done, restore Viper registers.
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15. ERROR HANDLING

wm»wmtammmwmmmwmm
other than the assertion of SGC/VSC bus error. The LAN/SCSI controllers can detect errors from their

CmoﬁpuimmspedalﬁmdwswhanSChumkmedifkkaMOntheVSCbm If
Cutoff is the bus master on the VSC, refer to the following section.

15.1 Error Logging Register

If an error occurs while Cutoff is the bus master on VSC, Cutoff logs the bus master information in the
etrorloggingregister((kMPO‘O)bysetﬁngeitherbitO.l,ot?. Possible bus masters in Cutoff are SCSL,
lAN.theDMAconuoﬂufortheparﬂlelportdzvicc,AUDlO,FAST/WIDES@LIndPDDI.FoIIowingis
the format of the register :

Bit 0: equal to 1 if an error occured while SCSI was the bus master.

Bit 1: equal to 1 if an error occured while LAN was the bus master.

Bit 2 equal to 1 if an error occured while DMA of parallel port device
was the bus master.

Bit 3: equﬂtolifumoemtedwhﬂeFm/WﬂeSCSlmtheb\um.
Bit 4 equal to 1 if an error occured while FDDI was the bus master.
Bit 5: equal to 1 if an error occured while AUDIO was the bus master.

Bit 6: equllolifanmotoeunedwhileknpidﬂamhsDMAmthebus
master.

Bit 7: reserved.

Forenmplc,ifbi(OsettoLthcnthebnsmmerapabiﬁtyoftheS(Slsubcyuemisdinbled. Software
shoddremthisbitbefaemempﬁngmdoDMAuMubumntheSCSldMumdmmy.

a’For(.\noff,wehave:ddedbiuSA,mdSloASP’sermrloggingregister.
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16. VERIFICATION

For details of the 1/0 subsystem design verification, refer to the document "Outfield Verification Plan”.
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17. Performance Measurement Page

In order to facilitate external hardware perfo ement devices, a no-op page (0xPOS32xxx) was
added to the memory map. All reads and writes of any size to any address in this page will cause a normal
SGCcydemeomplete.Le.CmoﬁwillMREADYLtominnethem Writes end up in a bit
bucket and reads return indeterminate data. Note that the data bus is still driven by the 1/O subsystem
during these transactions. The number of cycles Cutoff takes to complete the transaction will be 5-10.
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STANDARD GRAPHICS CONNECTION (SGC/VSC)
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Figure 17-1. CUTOFF BLOCK DIAGRAM 1 ND.
CUTOFF BLOCK DIAGRAM 8. APPENDIX A
ARBL A 18.1 Memory Space
SGC, TR | DR —— ADEC
T 3 % TION RHDMA | r————- 0xF000 0000 - ROM Space (byte assembly; word access capable) 4M bytes
Interface | . |
| : 0xFO3F FFFF
T Y 7. | U ettt A
i ADDRESS | 32 ? b FDDI 0xF040 0000 - Unassigned & bytes
F=--=--- N —------ e erfivovdiorte |
JryStusius pevererens
g Address gecode, slave select/rgady . O T T e
: i ! 0xF080 0000 - Interrupt/Status/LED 64K bytes
! : PR |
: AUDIO 0xF080 FFFF
DMA —T 0xF080 0000 r Interrupt Request Register (Read Only)
H 0xF080 0004 ™w Interrupt Mask Register (Read/Write)
% 0xF080 0008 ™w Interrupt Pending Register (Read Omly)
0xF080 0020 w Front Panel Status LED control Register
L 0xF080 0024 r 1/0 Subsystem Status Register
FIFO | i b T e e e T
(RAM) 0xF081 0000 - EEPROM (byte access omly) 64K bytes
PARALLEL |
F 0xF081 FFFF
1
L U ORI US H 0xF081 0000 ™ EEPROM reserved for Cobra/Coral configuration
[l ! |
_..,: ‘ 0xF081 03FF - -
1
SERIAL | Emm——
=X I (S SCsI 0xF081 0400 ™ EEPROM reserved for EISA configuration
' 1 |
i Address decode, slave select/ready : 0xF081 OFFF ) T
It 2 EELEEEEEEES B-------------2- F---F--mmmmom oo Bl
E DATA E .8 5 : E OxFOB? 1000 rw  EEPROM reserved for firmware usage
¥ ¥ . 2 [
I ! ] ' I T ! 0xF081 1HDF . -
Intel 8042 ROM - 0xF081 1BEO ™ EEPROM reserved for diagnostic usage
EEPER MISC |
(Bm & EEPROM INTERRUPT REGISTERS 0xF081 1BFF - - - -
RTC) STATUS/LED 0xF081 1C00 ™w EEPROM reserved for EISA configuration
|
0xF081 1FFF " - " -
0xF081 2000 Currently not used (exceeds 8K bytes of EEPROM)
|
0xF081 TFFF " b " "
0xF081 8000 ™w EEPROM Enable bit access (MS bit 7)

|
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0xFO081 8FFF  rw ) ot 0xFO082 3000  w RS232 Master Reset (both channels: #1 & #2)
semeeeseccee- A Temmmmeees Sessscessscccscccsssscsccccccccsosoes i 0xF082 380X wr RS232 #1 Access
0xF082 0000 - IMA Register 4K bytes (0xF082 3804 bit 2w RS232 #1 KTS flow control Enable bit custom
implementation; all other bits are as
0xF082 OFFF defined in the data sheets)
0xF082 0000 ™~ DMA ch-0 Base & Current Address register ox;’osz 4000 - Parallel Printer Interface 4K bytes
0xF082 0087 w DMA Ch0 Low page register |
0xF082 0487 rw DMA Ch-0 High Page register 0xF082 4FFF
0xF082 0001 ™w DMA ch-0 Base & Current Count register
0xF082 0401 ™ DMA Ch-0 High Base & Current Count 0xF082 4000 w Paralle!l Printer Interface Reset
0xF082 0008 r DVMA (0-3) Status register 0xF082 4800 w Write/Read Data
0xF082 000A w DMA (0-3) Write single mask bit 0xF082 4801 r Read Status
0xF082 000B w DMA (0-3) Mode register 0xF082 4802 ™™ Device Control
0xF082 040A ™w DMA Interrupt Pending register 0xF082 4803 (Not used)
0xF082 000C w DVA (0-3) Clear byte pointer 0xF082 4804 wr Mode Control
0xF082 000D w DMA (0-3) Master Clear 0xFO082 4805 . wr IE Control/Interrupt Status
0xF082 000E w DVMA (0-3) Clear Mask register 0xF082 4806 wr Timing Delay Counter
0xF082 000F ™ DMA (0-3) Mask Register et e eeeeeeeceeceemeeeescsceaeann . cmeeemeean cas
0xF082 0010 w DMA FIFO Limit Register 0xF082 5000 - scs1 4K bytes
ASP will acknowledge the following addresses, but no action will be taken. oxmsl SFFF
0xF082 OODE ™ DMA(0-3) Chaining Mode register 0xF082 5000 - sCSI Reset
0xF082 040B w DMA(0-3) Extended Mode register 0xF082 S1XX w SCSI Chip Registers
- 0xF082 0008 w DVMA (0-3) Command register f ___________ - ,-_?_.-f .................... R
0xF082 0009 w DMA (0-3) Request register 0xF082 6000 - LAN 4K bytes
0xF082 04D4 r IMA Chaining Mode Status register |
0xF082 04E0 ™ DMA CHO Stop register bits <7:2> 0xF082 6FFF
0xF082 04E1 w DMA CHO Stop register bits <15:&
0xF082 04E2 w IMA CHO Stop register bits <23:16 0xF082 6000 w LAN Reset
cssseccccncoen- smmooe- Ses-secsssssscccscssscccccccccccccces somesseccee- 0xF082 6004 w LAN Port Select
0xF082 1000 - 8042 (controls the /RTC/HP-HIL/Sound) 4K bytes 0xF082 6008 w LAN Channel Attention
| ee———————aan RS e,
0xF082 1FFF 0xF082 7000 - DMA
0xF082 1000 w 8042 Hold Reset (also holds serial #3 reset) oxmsi 7FFF
0xF082 1800 wr 8042 data 1/O (for the RTC/HP-HIL/Sound)
0xF082 1801 wr 8042 status/control (for the RIC/HP-HIL/Sound) 0xF082 7000 - IMA Reset
0xF082 1C00 w 8042 release Reset (also releases serial #3 reset) e eeeeieeseeescessesmsscscecsssesseecssme-sseccccsoccocs
""" OO ieiieitti 0xF082 8000 - Not supported
0xF082 2000 -  RS232 #2 4K bytes ™ PP
| 0xF082 9FFF
0xF082 2FFF i eeedeeeeesseseccccecccesesseeaccsececcsesanacenceccacocs ceeenan- -
0xF082 F000 - Cutoff 4K bytes
0xF082 2000 w RS232 Master Reset (both channels: #1 & #2) ]
0xF082 280X wr RS232 #2 Access 0xF082 FFFF
(0xF082 2804 bit 2 w RS232 #2 RTS flow control Enable bit custom
implementation; all other bits are as 0xF082 F000 w 1/0O Subsystem Reset
defined in the data sheets) 0xF082 F020 r Cutoff version control byte
........ eecccceccciccececmsceccecccccececcceecccccccacacaccccococananns 0xF082 F030 w SCSI "DSYNC" byte (0b0000001 after reset)
0xF082 3000 - RS232 #1 4K bytes 0xF082 F040 ™™ Error logging byte
I 0xF082 F050 w LAN control output enables.
0xFO82 3FFF e eaeiemseeecccceeemeaeeeececccceccectceeeeaeaas

HEWLETT-PACKARD HEWLETT-PACKARD



Version 1.1

0xF083 0000 - Fast wide SCSI

HARDBALL 1/0 ERS

4K bytes

0xF083 0000 w Fast wide SCSI reset
0xF083 0004 w Number of transfers (NT)
0xF083 0008 Reserved
|
0xF083 O00FF
0xF083 0100 NCR53C720 registers
|
0xF083 015C
0xF083 0160 Reserved
|
0xF083 OFFF
0xF083 OFFF
0xF083 1000 - FIDI 4K bytes
WRITE - READ
0xF083 1000 QMREG1 - STIU MAC(AMD) begin
0xF083 1004 QMRBEG2 - STIL (data is 16 bits wide)
0xF083 1008 ST2U
0xF083 100C ST2L
0xF083 1010 IMSKIU - IMSKIU
0xF083 1014 IMSKIL - IMSKIL
0xF083 1018 IMSK1U
0xF083 101C IMSK1U
| |
0xF083 110C BONTR - BONIR MAC (end)
0xF083 1200 PLC_ ONTRL_A - PLC_ONTRL A PHY(AMD) (begin)
0xF083 1204 PLC_ONTRL_B - PLC_ONTRL_B (data is 16 bits wide)
| | |
0xF083 1268 - LINK_ERR_CIR PHY (end)
0xF083 1300 ™w FIDI _IMA_ALDR _1
0xF083 1304 ™w FIDI_DMA_WC_1
0xF083 1308 w FIDI_DMA_AITR _2
0xF083 131C ™w FIDI_DMA_WC_2
0xF083 1320 r FIDI XMIT_RBQ
0xF083 1324 ™w FIDI_DVA_ONTRL
0xF083 1328 ™w FIDI _DMA_STATUS
0xF083 132C w FIDI_INIR
0xF083 1330 rw FIDI_INTR MASK
0xF083 1334 w FIDI_SUBS_RESET
0xF083 1FFF
0xF083 2000 - No-op (performance messurement) 4K bytes
| ™w
0xF083 2FFF
0xF083 3000 - PCXaa00105 Viper reset bug fix 4K bytes
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0xF083 3000

0xF083 3004

0xF083 3008

0xF083 300C

0xF083 3010

0xF083 3020
0xF083 3FFF
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HARDBALL 1/0 ERS

Rapid harmless DMA address byte
Rapid harmless [MA address byte
Rapid harmless DMA address byte
Rapid harmiess DMA address byte
Rapid harmiess [IMA execute

0 (high)
1
2
3 (low)

Rapid harmless DMA done (readable at 0xF082F020)
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