Getting Started with the 21554
Embedded PCI-to-PCI Bridge

Application Note

September 1998

Order Number: 278210-001



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



u
I ntel ® Getting Started with the 21554 Embedded PCI-to-PCl Bridge

Contents

1.0 T eTo [0 i o] o PRSPPI 1
2.0 F SIS0 0o o] 1o o U PUPRPPRURUPRT 1
3.0 21554 INHIAIZALION. ....cii ettt et e e e e e e e et e e e aeeae e e e e aanes 2
3.1 R B S BT ettt et e e ettt ae b n e 2
3.2 Seral PrelOad ........ooii it 4
3.3 Local CoNfIQUIAtION .........uiiiiieiie et ee e e e e e 4
3.4 HOSEt CONFIQUIALION. ...t ee e e e e e e e 5
4.0 Allocating AdAreSS RANGES ... ..uvuiiiiiiiee ettt ee e e e e e e aa e e ee e seeeeaeaaeeeannes 5
4.1 AdAreSS RANGE SEIUP ..eeiiiiiiiie ettt e e e e e e e e et ee e e ae e e e e s e aneaes 5
4.2 Setup Initialization Code EXample...........cooiiiiiiiiieiie e 7
4.3 Mapping AddreSS RANGES ......cciiiieiiiiiee it ee ettt ee e e e e e et teeeaeeaa e e e nenes 7
4.4 Setting Translated Base Code EXample ... 8
4.5 Mapping BARS Code EXamPIE......coiiiiiiiiiiiiieiii it 9
5.0 Minimum Initialization REQUINEMENTS. .......coiiuiiiiiiiiii e 9
Figures
1 21554 Initialization SEQUENCE ......ceuiiiii ittt e e 2
2 Setup Register EXAmMPIE..... ... it 6
3 Address Translation Using Translated Base Address..........cooooiiieiiieeieeenennieens 8
Tables
1 21554 Reset MECNANISIMS .. ...uuiiiiiiiiieie ettt ee e e e 3
2 Mode/Feature Selection DUING RESEL .......cooiiiiiiiiiiiiiii e 3
3 Register Initialization Required for Downstream and Upstream...........ccccccceeee... 10

Application Note iii






u
I nt6| ® Getting Started with the 21554 Embedded PCI-to-PCI Bridge

1.0 Introduction

This application note explains the steps required to reset, initialize, and configure the 21554
embedded PCI-to-PCl bridge (referred to as the 21554) such that it can forward memory
transactions upstream and downstream through designated address windows.

The 21554 performs PCI bridging functions for embedded and intelligent 1/O applications. The
21554 is a non-transparent PCI-to-PCl bridge that acts as a gateway to an intelligent subsystem.
The 21554 functions as a bridge between two PCI processor domains, the host domain and the
local domain.

Special features of the 21554 include:
* Support for independent primary and secondary PCI clocks
* |Independent primary and secondary address spaces

* Address tranglation between the primary (host) and secondary (local) PCI buses (domains).

The 21554 creates a configuration barrier between the two PCl domains. Standard hierarchical PCI
configuration methods using Type 1 configuration transactions cannot be used to access the
configuration space of devices on the opposite side of the 21554. This application note servesas a
guide to the initialization and configuration methodol ogy the 21554 uses to enable independent
configuration of the host and local domains.

2.0 Assumptions

This application note assumes that the 21554 is used as follows:
* A host processor resides on the primary side of the 21554
* A local processor resides on the secondary side of the 21554

* A serid ROM (SROM) is attached to the 21554 to establish initialization parameters
subsequent to reset but prior to the PCI configuration process of the host and local processors

* The host processor configures all devices on the primary bus, as well as the 21554 primary
PCI configuration registers

* Thelocal processor configures al devices on the secondary bus, aswell as the 21554
secondary PCI configuration registers and device specific registers

* Proper board implementation guidelines have been followed for the 21554, as described in the
Intel 21554 PCI-to-PCl Bridge Hardware Application Note

Typically, the first time power is applied to a newly assembled 21554 subsystem, the serial ROM
attached to the 21554 is blank and will need to be programmed. The Using a Serial ROM with the
21554 Embedded PCI-to-PCI Bridge Application Note describes how to flash the seridl ROM. The
serial ROM registers are accessible in either memory or 1/0O space through the first two base
addressregisters (BARS), respectively. These registers are accessible from either the primary or
secondary interface.
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3.0 21554 Initialization

This section describes the 21554 initialization sequence. Although variations on this sequence are
possible, this document limits discussion to the most typical case.

The typical 21554 configuration sequence is shown in Figure 1. The sequence consists of the
following steps:
1. PCI reset ( generated from host or primary bus RST#)

2. Serial ROM preload ( sizes and types of BARs, as well as some 21554 device-specific
configuration state, are loaded from Serial ROM prior to PCI configuration by the host and
local CPUs)

3. Local CPU configuration from the secondary interface ( override configuration stateinitialized
by Serial ROM preload, set additional device-specific state, configure standard secondary PCI
configuration registers, release host lockout)

4. Host CPU configuration from the primary interface ( configure standard primary PCI
configuration registers)

Figure 1. 21554 Initialization Sequence

PCIl Reset ——

Host "locked out"
canr}_ot aC(t:'ess Host
configuration Configuration
registers

A5973-01

The following sections describe the initiali zation sequence steps in more detail.

3.1 Reset

The 21554 implements four different types of reset mechanisms as described in Table 1.
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Table 1.

Table 2.

Getting Started with the 21554 Embedded PCI-to-PCI Bridge

The primary reset signal p_rst_| isan input signal and resets all chip state and data buffers,
including all resetable registers. Assertion of signal p_rst_| isthe most standard method of starting
the 21554 initialization sequence.

The secondary reset signal s rst_| isan output, and is asserted under all four of the reset
mechanisms described in Table 1. Signal s rst_| is deasserted upon reset rel ease as noted in the
table. Signal s rst_| is not an open drain output and should not be connected to other potential
signal drivers of the secondary PCI bus reset. If another source of secondary bus reset is desired,
then s rst_| should remain unconnected. The 21554 cannot be reset from the secondary PCI bus.

21554 Reset Mechanisms

Reset Effect of Reset Event Reset Release?
Event
Primary Secondary .
PCI State | PCI State Registers gﬁtf?ers s_rst_| Igféllilad
Machine | Machine
p_rst_| Reset Reset Reset Reset | Reset | Performed Release of p_rst_|
. Automatically after
bci?b'p reset Reset Reset Reset Reset Reset Performed approximately
100 ps
D3 to DO Automatically after
state Reset Reset Reset Reset Reset Performed approximately
transition® 100 ps
Seconq%ry No effect | Reset No effect | Reset Reset Not S'econdary Reset
reset bit performed bit
a. s_rst_| is deasserted on reset release.
b. Reset control register, configuration offset D8h, bit [1].
c. Power management CSR, configuration offset EOh, bits [1:0].
d. Reset control register, configuration offset D8h, bit [0].

With the exception of assertion of the Secondary Reset bit, all the other reset mechanisms cause a
chip reset to occur and initiate a serial preload upon reset completion.

When the 21554 is reset by the assertion of p_rst_|, various modes are selected by means of
pull-up or pull-down resistors on the pr_ad[7:3] signal pins, aslisted in Table 2

Mode/Feature Selection During Reset

Mode/Feature Pin Pull-up Pull-down Notes
Secondary bus arbiter | pr_ad[7] Enabled Disabled —
Secondary central Enables s_req64_| assertion and
function e)r/1able pr_ad[6] Disabled Enabled driving s_ad[31:0], s_cbe_I[3:0], and
s_par low during secondary reset.
s_clk_o enable pr_ad[5] Enabled Disabled s_clk_o is driven low when disabled.
Only enable when s_clk is derived
eSr)I/QEIr;ronous mode pr_ad[4] Disabled Enabled from s_clk_o to save a cycle of
latency.
Primary lockout reset r_ad[3] Enabled Disabled \A:;fgrth:oifr;mue:zil(;gce{(&fszgs L
value pr_ (reset to 1) (reset to 0) primary 9
receive target retry.
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3.2

3.3

Serial Preload

After the 21554 completes a chip reset and deasserts s rst_|, it initiates a seriall ROM read in order
to perform a configuration register preload. This preload is used to:

* Select the size and type of downstream, upstream, and ROM address windows by pre-loading
address setup configuration registers

* | oad read-only configuration values such as subsystem vendor 1D, subsystem ID, class code,
MAX_LAT, MIN_GNT

* Enable device specific features such as, read and write queue tuning thresholds, additional
error modes, 1,0 enable, and so forth in the chip control 0 and 1 configuration registers

* Configure the bus master priority levels of the secondary bus arbiter
* Enable/disable SERR# for specific error conditions

* Set up the power management register interface for the subsystem, including supported power
states, and PME# enable

* Clear or set the Primary Lockout bit in the chip control register, which will enable or retry
primary configuration accesses, respectively

Serial preload is not used to initialize those registers normally configured by initialization code
such as the command register, base addresses, cache line size, and master latency timers.

While the serial preload istaking place, all configuration register accesses to the 21554 receive a

target retry (the serial ROM preload takes approximately 570 pys). Once serial preload is complete,
the local and host processors must perform secondary and primary configuration and initialize
translated base registers.

Refer to thdJsing a Serial ROM with the 21554 Embedded PCI-to-PCI Bridge Application Note
andUsing a Flash ROM with the 21554 Embedded PCI-to-PCI Bridge Application Note for
additional information on the ROM interfaces, programming, and sample register preload
sequences.

Local Configuration

Under the typical initialization scenario showrHigure 1, serial preload sets the Primary Lockout
bit, which allows the local processor to have access to 21554 configuration space before the host
processor. During primary lockout, the 21554 will retry accesses by the host processor on the
primary bus. This allows the local processor to override serial preload state, if desired, and to
perform additional initialization before the host processor configures the 21554 primary registers.

The local processor may set up the following 21554 state:
* Trandated base addresses corresponding to upstream and downstream address windows

* Secondary bus configuration state, such as secondary bus base address, cache line size, master
latency timer, and Command register enables

* The Upstream Memory 2 L ook-up Table

* 1,0 pointer and counter initialization

Application Note
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4.0

4.1

Getting Started with the 21554 Embedded PCI-to-PCI Bridge

After thelocal processor has completed configuration of the 21554, it must clear the Primary
Lockout bit in the chip control register to allow host processor access to the 21554. Care must be
taken not to exceed the maximum time allowed before host access to configuration registers. The
PCI Local Bus Specification, Revision 2.2 specifiesthat PCI configuration space must be available
for access by the host within 2% primary PCI clock cycles.

Although the local processor also has access to primary bus configuration registers, initialization of
these registersistypically done by the host processor.

Host Configuration

After thelocal processor completesinitialization and clears the Primary Lockout bit, the host may
then access 21554 configuration space. Although the host processor has access to most secondary
bus and device-specific registers, typically the host processor only accesses the primary bus PCI
configuration registersto perform plug and play initialization, such as:

* Primary base addressregisters
* Primary master latency timer
* Primary cacheline size

* Primary interrupt line

* Primary command register enables

Allocating Address Ranges

The 21554 address registers fall into the following categories:
* Base address registers mapping 21554 CSRs.

* Setup registers specifying the type and size of downstream, upstream, and expansion ROM
BARs.

* Base address registers mapping address ranges for downstream and upstream forwarding.
* Base address register mapping expansion ROM (on the primary interface only).
* Trandated base registers for address translation of downstream and upstream transactions.

* | ook-up table and associated registers for support of the Upstream Memory 2 range.

The 21554 always requests memory and /O space on both buses to map its CSRs. Access to 21554
CSRs does not require setup registers or translated base address registers.

Address Range Setup

To specify an address range for downstream or upstream forwarding, the setup register
corresponding to the BAR must be initialized® This can be done either during SROM preload or
from the local processor, and must be performed before the Base Address registers are mapped.

a. The size of the Upstream Memory 2 address range is specified by setting the page size in the chip control 1 configuration
register; it does not have a setup register.

Application Note 5
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The setup register should not be changed once the corresponding BAR has been mapped. The host
processor cannot access the setup registers. The reset value of the setup registers disables the
corresponding BAR for transaction forwarding—the BAR will not request address space.

Writing a 1 to the most significant bit of the setup register enables the BAR; if this bit is equal to 0
the BAR is disabled and requests no space.

Bit O of the Downstream 1/O or Memory 1 Setup register and the Upstream 1/0 or Memory 0 Setup
register should be written with a 0 to select a memory BAR or a 1 to select an I/O BAR. Bits [2:1]
select the type of memory mapping. The Downstream Memory 3 Setup register bits [2:1] may be
set to 10b to select 64 bit addressing.

A mask is used to set the size of the BAR for the remaining read/write bits of the setup register.
Writing a 1 sets the corresponding bit in that setup register's BAR to be read/write. Writing a 0 sets
the corresponding bit in that setup register's BAR to be read only as 0. Therefore, the size is
established by writing the appropriate number of most significant bits to a 1, and the remaining bits
to a 0. This is consistent with the requirement that a PCI address range defined by a BAR must be a
power of 2 in size, aligned to that same power of 2 (for example, a 1 MB address range aligned to a
1 MB boundary).

Figure 2shows an example of using a setup register to program a BAR to request 1MB of memory
space.

Figure 2. Setup Register Example

Setup Register
31 2019 0

< — —
‘___
‘___

A
Y

I |
| R/W (Base Address) | Read Only
Base Address Register

A5975-01
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4.2 Setup Initialization Code Example

The following code example shows a typical setup sequence where the local CPU scansfor the
21554 configuration space on the secondary side of 21554. When found and identified, the
configuration space information (idsel) is stored for later use. The local CPU then proceeds to set
up the 21554 BAR sizes by writing to the specific setup register for each BAR. If an serial ROM is
present, this code will overwrite the contents loaded into these setup registers from the serial ROM .
Theinit_complete (primary lockout) feature of the 21554 guarantees that the host will not access
any of the BARs from the primary side until all setup operations are complete.

/* local CPU scans PCl bus for 21554 (secondary side) */
/* when 21554 found, save configuration information into idsel var */
for (ii=0; ii < 32 & !done ; ii++ ) {
i f (pciConfigReadDword(ii, vendorldOfset) == 21554_device) {
done = true;
idsel =ii;

}

/* Initialize downstream setup regi sters on 21554 (from secondary side) */
/* Primary downstream bar0 requests 8MB prefetchabl e nenory, page 6-37 */
pci Confi gWiteDnord( idsel, OxAC, O0xFF800008 );

/* primary downstream barl requests 256 bytes | O space, page 6-35 */
pci Confi gWiteDwnord( idsel, 0xBO, OxFFFFFFO01);

/* primary downstream bar2 requests 8MB prefetchable nmenory, page 6-37 */
pci Confi gWiteDwnord( idsel, 0xB4, O0xFF800008);

/* primary downstream bar3 request disabled, page 6-37 */
pci Confi gWiteDword( idsel, 0xB8, 0xO0);

/* primary downstream bar3 upper32 bits request disabled, page 6-38 */
pci Confi gWiteDword( idsel, OxBC, 0xO);

/* initialize up stream setup regi sters on 21554 (from secondary side) */
/* secondary upstream bar0 requests 256 bytes | O space, page 6-35 */
pci Confi gWiteDwnord( idsel, O0xC4, OxFFFFFFO1);

/* secondary upstream barl requests 8 MB prefetchabl e menory space, page 6-37 */
pci Confi gWiteDwnord( idsel, 0xC8, 0OxFF800008);

4.3 Mapping Address Ranges

Once the setup registers have been configured, then the corresponding BARs may be mapped. The
BARsarethe standard PCI registersthat request PCI addressresources. The downstream BARs are
mapped in primary PCI address space and the upstream BARs are mapped in secondary PCI
address space.

Before any memory or 1/0O transactions are forwarded across the 21554, the translated base

registers must be configured. The translated base register specifies the base address of the window
on the target (opposite) bus. When the transaction is forwarded, the translated base addressis
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substituted for the original base address as shown in Figure 3. The trand ated base registers do not
affect the mapping of the BARs, and may be initialized before or after BAR mapping, but before
the BAR is used to decode transactions.

Figure 3. Address Translation Using Translated Base Address
Decoded against 21554 BAR

f—%

Address on initiator bus | Base Address | Offset

Bag

Original base address

is replaced by 21554
with translated base ] Offset
address ]
Address on target bus | T Base Address | Offset
|
Decoded by target LI-06461.A14
4.4 Setting Translated Base Code Example

The following code example uses the idsel information gathered in the previous example. At this
point, the code does not care about where the host has mapped the BARs on the primary side of the
21554. The code does care about where those BARs map to on the secondary (local) side. So the
code instructs the 21554 to translate addresses decoded by the 21554's primary side to somewhere
pertinent on the secondary side (i.e. local memory) by writing the translated base registers
associated with each BAR. Upstream trand ation allows local CPU software to use local fixed
addresses to access host-allocated buffers or devices anywhere in the host domain address space.

/* All dowstream transactions need to point to valid |ocal domain |ocations */
/* downstream transl ated base, page 6-34 */

pci Confi gWiteDword( idsel, 0x94, BARO PRI TO SEC XLATE );

pci Confi gWiteDword( idsel, 0x98, BARL PRI TO SEC XLATE );

pci Confi gWiteDword( idsel, 0x9c, BAR2 PRI TO SEC XLATE );

pci Confi gWiteDword( idsel, OxAO, BAR3 PRI TO SEC XLATE );

/* All upstream transactions need to point to valid host donmin |ocations */
/* upstream transl ated base, page 6-33 */

/* this is typically negotiated with host driver at runtine */

pci Confi gWiteDword( idsel, OxA4, BARO SEC TO PRI XLATE );

pci Confi gWiteDword( idsel, OxA8, BARL SEC TO PRI XLATE );

8 Application Note
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4.5 Mapping BARs Code Example

The following code example shows the local CPU mapping the 21554 into the local domain
memory and 1/O address space. Thiswill typically be done for all of the PCI devices in the local
domain using a PCI configuration manager running on the local CPU.

/* now configure 21554 BARs. WII typically happen in |ocal PCl plugé&play nodul e*/
/* set secondary conmand register to 0 */
pci Confi gWiteWrd( idsel, 0x04, 0);

/* set upstream BARs to |ocal dommin addresses */

pci Confi gWiteDwnord( idsel, 0x10, LOCAL DOVAI N MEM ADDR) ;
pci Confi gWiteDwmord( idsel, 0x14, LOCAL DOVAI N | O ADDR);
pci Confi gWiteDwnord( idsel, 0x18, LOCAL DOVAI N MEM ADDR) ;
pci Confi gWiteDwmord( idsel, Oxlc, LOCAL DOVAI N MEM ADDR) ;

/* with all other secondary PCl devices. set master latency tiner, cache line
size */
pci Confi gWiteWrd( idsel, 0xOc, 0x4008);

/* set secondary conmand regi ster, master, mem& IO MA, PERR SERR enable */
pci Confi gWiteWrd( idsel, 0x04, 0x157);

5.0 Minimum Initialization Requirements

Table 3 lists the minimum setup required to enable the 21554 to forward memory transactions
downstream and upstream. It also shows what mechanism typically initializes the register. This
section does not describe initialization of the Upstream Memory 2 address range, which uses the
look-up table. For examples of how to program the Upstream Memory 2 look-up table, refer to the
21554 Embedded PCI-to-PCl Bridge Lookup Table Operations Application Note.

Application Note 9
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Table 3.

Register Initialization Required for Downstream and Upstream

Register Preload Local uP Host pP Notes
Downstream memory x setup | Yes? Yes xb One or more ranges; x=0,1,2,3
Upstream memory y setup Yes Yes X One or more ranges;y =0,1
Downstream memory x c
Yes —
translated base
Upstream memory y
Yes —
translated base
Upstream memory y base Yes Standard initialization code
address
Secondary cache line size Yes Used _for pre_fetghlng, MW, and
buffering guidelines
Secondary master latency Yes Non-zero to guarantee longer
timer bursts
Memory and master enables
Secondary command Yes Optionally: MWI enable, fast back-
to-back enable, parity enable,
SERR# enable
Downstream memory x base C
address Yes Standard initialization code
. . . Used for prefetching, MWI, and
Primary cache line size Yes buffering guidelines
Primary master latency timer Yes lt;lon—zero to guarantee longer
ursts
Memory and master enables
Primary command Yes

Optionally: MWI enable, fast back-
to-back enable, parity enable,
SERR# enable

a.
b.
c.

Yes indicates that this is the expected or typical access method for initialization.
X indicates that there is no access to this register using this access mechanism.
A blank box indicates that access is allowed, but this isn’t expected or typical access mechanism for initialization.
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