Using a Serial ROM with the
21554 Embedded PCI-to-PCl
Bridge

Application Note

September 1998

Order Number: 278183-001



Information in this document is provided in connection with Intel products. No license, express or implied, by estoppel or otherwise, to any intellectual
property rights is granted by this document. Except as provided in Intel's Terms and Conditions of Sale for such products, Intel assumes no liability
whatsoever, and Intel disclaims any express or implied warranty, relating to sale and/or use of Intel products including liability or warranties relating to
fitness for a particular purpose, merchantability, or infringement of any patent, copyright or other intellectual property right. Intel products are not
intended for use in medical, life saving, or life sustaining applications.

Intel may make changes to specifications and product descriptions at any time, without notice.

Designers must not rely on the absence or characteristics of any features or instructions marked "reserved" or "undefined." Intel reserves these for
future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

The Product Name may contain design defects or errors known as errata which may cause the product to deviate from published specifications.
Current characterized errata are available on request.

Contact your local Intel sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an ordering number and are referenced in this document, or other Intel literature may be obtained by calling 1-800-
548-4725 or by visiting Intel’s website at http://www.intel.com.

Copyright © Intel Corporation, 1998
*Third-party brands and names are the property of their respective owners.

Application Note



| ]
I n'tel o Using a Serial ROM with the 21554 Embedded PCl-to-PCI Bridge

Contents

1.0 ] e [UTet i o] o D PP PP PP PPPPPPTN 1
2.0 HArdWare DESCIIPHION ......ceui ittt ettt e e e e e e e e e e et b be e e eeae e s e e s sabanrbesbeeeaas 1
2.1 Supported Serial ROMS ...t a e 1
2.2 Hardware CONfIQUIAtION ..........ooiiiiiiiiiiiie et e e e 1
3.0 Serial ROM Preload OPeration..........coooiiiiiiiiiieiiee ettt ee et teee e e e e e e e nanes 2
3.1 Preload SEQUENCE ........uuiiii ettt ee e e e e e e e 2
3.2 Preload Configuration REQISEIS .......coii ittt e 2
3.3 Critical Configuration REQISLEIS.......cciii it 4
4.0 Serial ROM Operation BY CSR ACCESS ......uutuiiiiiiiiie ettt er e e e 5
4.1 Serial ROM WHIE ...oiiiiiieii et ee e 5
4.2 Serial ROM REAM .....ccoiiiiiiii ittt ettt b e n e e e 7
4.3 Example Data File for Programming Serial ROM..........coiiiiiiiiiiiiiiiiiieceeeeeee 7
5.0 VA1 e= T o (oo [N o i B - | = L PP PP OPUPPPPN 9
5.1 Reading VPD INfOrmMation...........oooiiiiiiiiii et 9
5.2 Writing VPD INfOrMation ........oooiiii e 10
Support, Products, and DOCUMENTALION .........coiiiiiiiiiiiiiiiiiieir e 11
Figures
1 Serial ROM Hardware Configuration.............cccuuviiiiiiiiaiiie e 2
Tables
1 Serial ROM INterface SIgNalS .......ooeiii i 1
2 Serial Preload FOIMAL ........ooiiiiiiiiee ettt 3
3 Power Management and BiST Preload Format............ocoooiuiiiiiiiiiiiiiiiieeeeeen 4

Application Note iii






u
I nt6| ® Using a Serial ROM with the 21554 Embedded PCI-to-PCl Bridge

1.0 Introduction

The serial ROM interface isused to preload datainto the 21554 configuration registers with vendor
specific values. The serial ROM can also be used to support the Vital Product Data (VPD)
interface as described in Revision 2.1 of the PCI Local Bus Specification.

This application note describes the serial ROM hardware setup and explains the preload sequence
of the serial ROM. Example code for programming the serial ROM through command and status
register (CSR) access is provided. A description of the VPD operation is also provided.

2.0 Hardware Description

This section describes the supported serial ROMs and the hardware configuration.

2.1 Supported Serial ROMs

The serial ROM interface of the 21554 supports byte-organized 4096-bit (512-byte) Microwire
serial ROM. The recommended Microchip device is either the 93L C66 (configured in byte mode)
or the 93LC66A. The clock input to the serial ROM isthe primary PCI clock with a maximum
frequency of 33 MHz, divided by 34. The duty cycle of the clock is approximately 50%.

2.2 Hardware Configuration

The serial ROM interface consists of four signalsaslisted in Table 1. Chip select, sr_cs, isa
dedicated signal. The remaining three signals are multiplexed with the parallel ROM control
signals. Figure 1 showsthe hardware set up for the serial ROM interface. The signal pr_ad[2] is
the serial ROM output during accesses to the ROM. If aserial ROM is not present, pr_ad[2]
should be tied low through an external resistor. When pr_ad[2] istied to aserial ROM that is
programmed with the correct preload enable sequence, the 21554 will conduct a configuration
register preload from the serial ROM. Thistakes approximately 570 ms. During the seria preload
period, all configuration register accesses to the 21554 receive a target retry.

Table 1. Serial ROM Interface Signals

Name Type Description 21554 Pin
Ssr_cs Output Serial ROM chip select Sr_cs
sr_ck Output Serial ROM clock pr_ad[0]
sr_di Output Serial ROM data in pr_ad[1]
sr_do Input Serial ROM data out pr_ad[2]
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Figure 1. Serial ROM Hardware Configuration
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3.0 Serial ROM Preload Operation

This section describes the preload sequence, the preload configuration registers, and the critical
configuration registers.

3.1 Preload Sequence

After the 21554 completes a chip reset and deassertss rst_|, it initiates a serial ROM read to
perform aconfiguration register preload. The 21554 will only perform the preload operation if the
first two bitsread, corresponding to bits[7:6] of byte 0, are 10b. Otherwise the serial ROM read is
terminated and all registersremain at their reset values. The preload sequence performsthe
following:

Selects the size and type of downstream, upstream, and ROM address windows by prel oading
the address setup configuration registers.

Loads read-only configuration values such as subsystem vendor 1D, subsystem ID, class code,
MAX_LAT, and MIN_GNT.

Enables device specific features (for example, the read and write queue tuning threshol ds,
additional error modes, and 1,0 enable) in the chip control 0 and 1 configuration registers.

Configures the bus master priority levels of the secondary bus arbiter.
Enables or disables the PCl interface signal SERR# for specific error conditions.

Sets up the power management register interface for the subsystem, including supported
power states and PM E# enable.

Clears or setsthe primary lockout bit in the chip control register, which enables or retries
primary configuration accesses, respectively.

3.2 Preload Configuration Registers

The serial preload initializes those configuration registers not configured by standard plug and play
initialization code. Table 2 providesalist of the preloadable registers. Not al of the bitsin the
sequence are actually used. Unused bits must be set to O.
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Table 2. Serial Preload Format
ROM Byte Register
Offset Offset Description
00h — ROM present (bits [7:6] = 10b to enable preload)
03:01h — Reserved
04h 09h Primary programming interface
05h 0Ah Primary sub class code
06h 0Bh Primary baseclass code
08:07h 2D:2Ch Subsystem vendor ID register
0A:09h 2F:2Eh Subsystem ID register
0Bh 3Eh Primary minimum grant register
0Ch 3Fh Primary maximum latency register
0Dh 49h Secondary programming interface register
OEh 4Ah Secondary sub class code register
OFh 4Bh Secondary base class code register
10h 7Eh Secondary minimum grant register
11h 7Fh Secondary maximum latency register
15:12h 13:10h Downstream memory 0 setup register
19:16h 1B:18h Downstream I/O or memory 1 setup register
1D:1Ah 1F:1Ch Downstream memory 2 setup register
21:1Eh 23:20h Downstream memory 3 setup register
25:22h 27:24h Downstream memory 3 setup register(upper 32 bits)
27:26h C3:COh Primary expansion ROM setup register
2B:28h 5B:58h Upstream I/O or memory 0 setup register
2F:2Ch 5F:5Ch Upstream memory 1 setup register
31:30h CD:CCh Chip control O register
33:32h Cf:CEh Chip control 1 register
35:34h D3:D2h Arbiter control register
36h D4 Primary SERR# disables register
37h D5 Secondary SERR# disables register
3F:38h See? PCI power management data register values
40h — Reserved
42:41h See PCI power management and BiST

Table 3

a.  These8registersare hidden but can be read in the power management data register (off-
set E3h). The data select register (offset E1h) determines the byte in the dataregister.
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Serial ROM bytes 42:41h, which contain the PCI power management setup information and BiST
control, have the format shown in Table 3.

Table 3. Power Management and BiST Preload Format

ROM
Byte ROM Register Register
Offset | Bits | Description Offset Bits
41h 1:0 Reserved — —
41h 2 BiST supported — —
41h 3 Power management data register enable — —
41h 5:4 Power management control and status register | E1:EOh 14:13
41h 7:6 Power management capabilities register DF:DEh 1:0
42h 0 Power management capabilities register DF:DEh 2
42h 1 Power management capabilities register DF:DEh 5
42h 7:2 Power management capabilities register DF:DEh 14:9
3.3 Critical Configuration Registers

After aserial ROM preload, the initialization sequence can either immediately step to the host
configuration, or the local processor can configure the secondary side of the 21554 before allowing
access by the host. The critical configuration registers, which should be set in the seriadl ROM
preload, depend on which initialization sequence is utilized. If the host requires access
immediately after the preload, the critical configuration registers are set as follows (all other
locations in the serial ROM preload can be loaded with O’s for this initialization sequence):

* ROM present. Bits7:6 set to a10b to enable seriadl ROM preload.
* Primary/secondary sub classcode. Setsthe subsystem device class type.
* Subsystem ID and subystem vendor ID. Provides the vendor specific ID for subsystem.

* Upstream and downstream base address setup registers. Sets the address range size and type
before host configuration.

* Primary expansion ROM setup register. Sets the address range size for expansion ROM.
* Chip control 0. Must clear the primary lockout bit (bit 10).

If thelocal processor configures the subsystem after aserial ROM preload and before the host
gains access to the 21554, the following configuration registers should be set during preload (all
other locations in the serial ROM preload can be loaded with O’s for this initialization sequence):

* ROM present. Bits 7:6 set to a 10b to enable serial ROM preload.

* Upstream base address setup registers. Sets the address range size and type before secondary
processor configuration.

* Chip control 0. Must set the primary lockout bit to a one (bit 10).
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Serial ROM Operation by CSR Access

The 21554 allows serial ROM access through CSR control. A serial ROM operation consists of the
following three phases:

* Command (3 hits)
* Address (9 bits)
* Data (8 or more bits)

For aserial ROM write operation (opcode 01), the 21554 drives the data to the serial ROM on the
sr_doline. For aread operation (opcode 10), the serial ROM drives the data to the 21554 on the
sr_doline.

In addition to these two operations, the 21554 supports the following op codes:
* Write enable (opcode 00)

Write disable (opcode 00)

Write all (opcode 00)

* FErase all (opcode 00)

* FErase (opcode 11)

When writing the opcode and address to the ROM address register, bits[10:9] contain the opcode
and bits [8:0] contain the address. For opcode 00, a byte address is not required and the two most
significant address bits [8:7] decode the following commands:

* Write disable (00)
* Writeall (01)
* FEraseall (10)
* Writeenable (11)

Serial ROM Write

To perform a serial ROM write operation, write enable the serial ROM because most ROM'’s
typically power up in the ERASE/WRITE disable state. After performing this operation once, the
serial ROM will remain enabled for programming unless a write disable command is issued or Vcc
is removed from the serial ROM. To perform a write enable, the initiator should first make sure
that the parallel and serial ROM start and busy bits are both clear in the ROM control CSR (offset
OCFh). Then perform the following steps:

1. Write byte address and opcode (000180h) to the ROM address register (0CCh).

2. Write 1 to the serial ROM start bit and write 0 to the parallel ROM start bit in the ROM control
CSR during the same CSR access.

3. When the serial ROM start bit is read as a zero, the operation is complete.
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Example code for the write enable operation is provided as follows:

/* setup 21554 for wite enable, base = 21554 nenory nmapped CSR base address */
PUT32( base+0xCC, SROM OpGener al | SROM _Gener al Wi t eEnabl e) ;

/* Kkick the start bit */

PUT8( base+0xCF, RCR_SROMst ar t Busy) ;

/* wait for busy bit to deassert, ns delay so we are not too aggressive */

whil e ((val ue=CET8(base+0xCF)) & RCR _SROWVSt artBusy) delay(1);

After the serial ROM is enabled for programming, the write operation can begin. The steps
required to write to the seridl ROM are listed as follows:

1. Write the byte address and opcode (000200h, address 0, opcode 01) to the ROM address
register (OCCh).

2. Write the 8-bit data (80h, enable serial preload) in the ROM data CSR (0CAh).

3. Write the seriadl ROM start bit to a 1 and the parallel ROM start bit to a0 in the ROM control
CSR during the same CSR access.

4, When the serial ROM start bit isread as a0 and the SROM_POLL bit of the ROM control
CSRissettoal, apolling operation isinitiated to test for write completion by writing the
serial ROM start bitto a 1.

5. TheSROM_POLL bit indicates the status of the polling operation. If itisreadasal, the serial
ROM should be polled again. If it isread asa0, the operation is complete.

Example code for the write operation is provided as follows:

/* setup for wite command. i = sromoffset, sBuffer[i] = data to wite */
PUT32(base+0xCC, i | SROM OpWite);

PUT8( base+0xCA, sBuffer[i]);

/* Kkick the start bit */

PUT8( base+0xCF, RCR_SROMst ar t Busy) ;

/* wait for busy bit to deassert */

whi |l e (CGET8(base+0xCF) & RCR_SROMVSt art Busy);

/* wait for SROMto recover */

del ay(4);

/* we are nowin wite node, kick the start bit again to programthe data*/
PUT8( base+0xCF, RCR_SROMst ar t Busy) ;

whi |l e (CGET8(base+0xCF) & RCR_SROMVSt art Busy);

/* keep issuing a start conmand to see if the SROM has accepted the data */
/* by checking the poll bit */

whi | e( GET8( base+0xCF) & RCR_SROWPol | )
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PUT8( base+0xCF, RCR_SROVSt art Busy) ;

whil e (GET8(base+0xCF) & RCR SROVSGt art Busy);
}

Serial ROM Read

To perform aserial ROM read, both the parallel and serial ROM start and busy bits should be clear
in the ROM control CSR. Then perform the following steps for a serial ROM read access:

1. Writethe byte address and op code (000400h, address 0, opcode 10) in the ROM address CSR
(offset: OCCh).

2. Writethe serial ROM start bit to a1 and the parallel ROM start bit to a0 in the ROM control
CSR during the same CSR access.

3. When the serial ROM start bit isread as a0, the 8-bit data from the ROM data register (offset:
OCAh may be read).

Example code for the read operation is provided as follows:
/* issue a read command with correct address (i) */

PUT32( base+0xCC, i | SROM OpRead) ;

/* kick the start bit */

PUT8( base+0xCF, RCR_SROVSt ar t Busy) ;

/* wait for busy the bit to deassert with 1 ns delay */
whi |l e (CGET8(base+0xCF) & RCR _SROMVSt art Busy) del ay(1);
/* read data */

val ue=CET8( base+0xCA) ;

Example Data File for Programming Serial ROM

MKSROM.EXE isaDOS based utility that can be used to program a blank serial ROM behind a
21554 bridge from PCI. A datafileis used with this program to load the appropriate information
into the serial ROM. Thisdatafile can be altered using any standard text editor. Example code for
the datafile is provided as follows:

; thisfile will create an SROM image

; Thisloads the registers with their reset

; values - BARs disabled, No 1,0, no special features
[

; preload enable (sets bit 7 for preload enable)

:080

:100

200
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:300

; Primary Class Code

1400

580

1606

; Subvendor IDs

746

:800

911

A 10

; Primary Min GNT, Max LAT

:B 0O

:C00

; Secondary Class Code

:D 00

‘E80

:F 06

; Secondary Min GNT, Max LAT

:1000

11100

;Downstream Mem O - CSRs only (Set a4K window size)
11200

113 F0

114 FF

115 FF

; Downstream Mem 1 or 1/O (Set 256 byte I/O window size)
116 01

117 FF

118 FF

119 FF

; Downstream Mem 2 (Set 8MB memory window size)
:1A 08

:1B 00

:1C 80

:1D FF

; Downstream Mem 3 (Set 8MB memory window size)
:1E 08

:1F 00

12080

21 FF

; Downstream Mem 3 Upper 32

:22 00

12300

2400

:2500

; Expansion ROM (Set 1M B expansion ROM size)
12601

127 FO

; Upstream Mem 0 or 1/O (Set 256 byte 1/O window size)
12801

‘29 FF

:2A FF

:2B FF

; Upstream Mem 1 (Set 8VIB memory window size)
:2C 08

:2D 00

:2E 80

:2F FF
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; Chip Control 0

:30 00

; clear lockout bit
:3100

; Chip Control 1
:3200

; LUT disable,i,o disable
:3300

; Arbiter control (Sets internal 21554 secondary bus request to high priority ring)
:3400

:3502

; System error disable
:36 00

:37.00

; Power management
:3800

:3900

:3A 00

:3B 00

:3C00

:3D 00

:3E 00

:3F 00

:40 00

14100

:42 00

50 Vital Product Data

The 21554 provides VPD support through the serial ROM interface. The upper 3072-bits of the
serial ROM is used to store VPD data. The first 1024-bits of this space is designated as read only
and cannot be written from the VPD serial ROM register interface. The upper 2048-bits are
read/write locations that can be accessed through the VPD serial ROM register interface.

5.1 Reading VPD Information

A read can occur to any location in VPD space. Valid VPD addresses are 17F:000h when
accessing from the VPD address register (offset by 1024-bits from serial ROM address register).
To read VPD information from the serial ROM, perform the following steps:

1. Writethe VPD address and VPD flag bits of the VPD address register
(offset E7:E6h). Thelower 9 bits of this register are the address bits and bit 15 should be set to
a0 signifying aread command. The 21554 addsthe VVPD base address, 080h, to the VPD byte
addressin order to obtain the serial ROM address. The VVPD address has no alignment criteria
and can start on any byte boundary.

2. TheVPD flag (bit 15) ispolled. When the 21554 returnsa 1, the read is complete.

3. Read the VPD information from the VPD dataregister (offset EB:E8). Byte 0 will contain the
data referenced by the VPD address register and bytes 3:1 include the successive bytes.

The 21154, regardless of the address, always performs afour-byteread. Therefore, if the VPD byte
addressis one of thelast 3 bytesin VPD space, the serial ROM address wraps. Theremaining 1, 2
or 3 bytes contain invalid data and should be ignored.
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5.2 Writing VPD Information

A write can only occur in the last 2048-bits (256 bytes) of VPD space. Valid VPD write addresses
are 17F:080h. To write VPD information to the serial ROM, perform the following steps:

1. Writethe VPD datato the VPD dataregister (offset EB:ES8). Byte 0 contains the datato be
written to the location referenced by the VPD byte address. The valuesin bytes 3 through 1 of
the VPD data register are written to successive locationsin VPD space.

2. Write the VPD address and VVPD flag bits of the VPD address register
(offset E7:E6h). The lower 9 bits of this register contain the address bits. Bit 15 should be set
to a1 signifying awrite command. The 21554 adds the VPD base address, 080h, to the VPD
byte addressto obtain the serial ROM address. TheVPD address has no alignment criteriaand

can start on any byte boundary.
3. The VPD flag bit ispolled. When the 21554 returns a 0, the write is complete.
Writes attempted to alocation in the lower 1024-bits of serial ROM space will not be performed

and the 21554 will clear the flag bit immediately. If the VPD byte address is one of the last three
byte locationsin VPD space, the 21554 will only complete those writes to the end of VPD space.

The 21554 tracks whether the serial ROM is enabled for writes. If the serial ROM iswrite disabled
and aVPD write is attempted, the 21554 will first automatically perform a write enable operation
to the seriadl ROM.
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