
































































































































































































































































































































































































































































































































































































































































































































7.4.3 Transaction Termination

Termination of a PCI transaction may be initiated by either the master or the target. The
master is ultimately responsible for bringing all transactions to conclusion, regardless of the
cause of the termination. All transactions are concluded when FRAME and IRDY are both
negated, indicating the bus is idle.

7.4.3.1 Master-Initiated Termination

Normally, a master initiates termination by negating FRAME and asserting IRDY. This
indicates to the target that the final data phase is in progress. The final data transfer occurs
when both TRDY and IRDY are asserted. The transaction is considered complete when
data is transferred in the last data phase. After the final data phase, both FRAME and IRDY
are negated (the bus becomes idle).

Normal master-initiated termination occurs for two reasons:

» Completion Completion refers to termination when the master has concluded its
intended transaction. This is the most common reason for termination.

* Timeout Timeout refers to termination when the master loses its bus grant
(GNT is negated) and its internal latency timer has expired. The
intended transaction is not necessarily concluded. Note that the
MPC105 does not have a latency timer. Latency for the MPC105
acting as a master is determined by the target.

Master-abort is an abnormal case of master-initiated termination. If no device (including
the subtractive decoding agent) asserts DEVSEL to claim a transaction, then the master
terminates the transaction with a master-abort. For a master-abort termination, the master
negates FRAME and then negates IRDY on the next clock. If a transaction is terminated by
master-abort (except for a special-cycle), the received master-abort bit (bit 13) of the PCI
status register is set.

As a master, if the MPC105 does not detect the assertion of DEVSEL within four clocks
following the address phase (five clocks after asserting FRAME), it terminates the
transaction with a master-abort.

7.4.3.2 Target-Initiated Termination

By asserting the STOP signal, a target may request that the master terminate the current
transaction. Once asserted, the target holds STOP asserted until the master negates
FRAME. Data may or may not be transferred during the request for termination. If TRDY
and IRDY are asserted during the assertion of STOP, data is transferred. However, if TRDY
is negated when STOP is asserted, it indicates that the target will not transfer any more data,
and the master therefore does not wait for a final data transfer as it would in a completion
termination.
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Target-initiated termination occurs for two reasons:

* Disconnect Disconnect refers to termination requested because the target is unable
to respond within eight PCI clocks (not including the first data phase).
Disconnect implies that some data was transferred. The master may
restart the transaction at a later time starting with the address of the
next untransferred data. (That is, data transfer may resume where it
left off.)

* Retry Retry refers to termination requested because the target is currently in
a state where it is unable to process the transaction. Retry implies that
no data was transferred. The master may start the entire transaction
over again at a later time.

Note that as a target, the MPC105 executes a target disconnect after the first data phase
completes if AD1-ADO # 0b00 during the address phase of a system memory access. See
Section 7.3.3, “Addressing,” for more information.

When a transaction is terminated by STOP, the master must negate its REQ signal for a
minimum of two PCI clocks, one being when the bus goes to the idle state (FRAME and
IRDY negated). If the master intends to complete the transaction, it must reassert its REQ
immediately following the two clocks or potential starvation may occur. If the master does
not intend to complete the transaction, then it can assert REQ whenever it needs to use the
PCI bus again.

Target-abort is an abnormal case of target-initiated termination. Target-abort is used when
a fatal error has occurred, or when a target will never be able to respond. Target-abort is
indicated by asserting STOP and negating DEVSEL. This indicates that the target requires
termination of the transaction and does not want the transaction retried. If a transaction is
terminated by target-abort, the received target-abort bit (bit 12) of the master’s status
register and the signaled target-abort bit (bit 11) of the target’s status register is set. Note
that any data transferred in a target-aborted transaction may be corrupt.

7.4.4 Fast Back-to-Back Transactions

The PCI bus allows fast back-to-back transactions by the same master. During a fast back-
to-back transaction, the master starts the next transaction immediately without an idle state.
The last data phase completes when FRAME is negated, and IRDY and TRDY are asserted.
The current master starts another transaction on the clock immediately following the last
data transfer for the previous transaction.

Fast back-to-back transactions must avoid contention on the TRDY, DEVSEL, PERR, and
STOP signals. There are two types of fast back-to-back transactions—those that access the
same target, and those that access multiple targets (sequentially). The first type places the
burden of avoiding contention on the master; the second type places the burden of avoiding
contention on all potential targets.
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As a master, the MPC105 does not perform any fast back-to-back transactions. As a target,
the MPC105 supports both types of fast back-to-back transactions.

During fast back-to-back transactions, the MPC105 monitors the bus states to determine if
it is the target of a transaction. If the previous transaction was not directed to the MPC105
and the current transaction is directed at the MPC105, the MPC105 delays the assertion of
DEVSEL (as well as TRDY, STOP, and PERR) for one cycle to allow the other target to get
off the bus.

7.4.5 Configuration Cycles

This section describes configuring standard PCI devices using PCI configuration cycles.
Configuring the internal registers of the MPC105 is described in Chapter 3, “Device
Programming.” The PCI configuration space is intended for configuration, initialization,
and catastrophic error handling functions only. Access to the configuration space should be
limited to initialization and error handling software.

7.4.5.1 The Configuration Space Header
The first 64 bytes of the 256-byte configuration space consists of a predefined header that

every PCI device must support. The predefined header is shown in Figure 7-3. The rest of
the 256-byte configuration space is device-specific.

The first 16 bytes of the predefined header are defined the same for all PCI devices; the
remaining 48 bytes of the header may have differing layouts depending on the function of
the device. Most PCI devices will use the configuration header layout shown in Figure 7-3.
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Address
Offset

Device ID

Vendor ID 00

Status

Command 04

Class Code Revision ID 08

BIST

Header Type Latency Timer Cache Line Size oc

10
14
Base Address Registers 18
1C
20
24

Reserved 28

Reserved 2C

Expansion ROM Base Address 30

Reserved 34

Reserved 38

Max_Lat

Min_Gnt [ Interrupt Pin | Interrupt Line 3C

Figure 7-3. Standard PCI Configuration Header

Table 7-2 summarizes the registers of the configuration header. Detailed descriptions of
these registers are provided in the PCI Local Bus Specification.

Table 7-2. PCI Configuration Space Header Summary

Address . e
Offset Register Name Description

00 Vendor ID Identifies the manufacturer of the device (assigned by the PCI SIG to
ensure uniqueness)

02 Device ID Identifies the particular device (assigned by the vendor)

04 Command Provides coarse control over a device’s ability to generate and respond
to PCI bus cycles

06 Status Records status information for PCI bus-related events

08 Revision ID Specifies a device-specific revision code (assigned by vendor)

09 Class code Identifies the generic function of the device and (in some cases) a
specific register-level programming interface

ocC Cache line size Specifies the system cache line size in 32-bit units

oD Latency timer Specifies the value of the latency timer for this bus master in PCI bus
clock units
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Table 7-2. PCI Configuration Space Header Summary (Continued)

Ado?fr:;s Register Name Description

OE Header type Bits 0-6 identify the layout of bytes 10-3F; bit 7 indicates a multifunction
device. The most common header type (0x00) is shown in Figure 7-3
and in this table.

oF BIST Optional register for control and status of built-in self test (BIST)

10-27 Base address registers | Address mapping information for memory and 1/0 space

28 — Reserved for future use

2C —_ Reserved for future use

30 Expansion ROM base | Base address and size information for expansion ROM contained in an

address add-on board

34 —_ Reserved for future use

38 —_ Reserved for future use

3C Interrupt line Contains interrupt line routing information

3D Interrupt pin Indicates which interrupt pin the device (or function) uses

3E Min_Gnt Specifies the length of the device's burst period in 0.25 us units

3F Max_Lat Specifies how often the device needs to gain access to the bus in 0.25
Us units

7.4.5.2 Accessing the PCI Configuration Space

To support hierarchical bridges, two types of configuration accesses are supported. The first
type of configuration access, type 0, is used to select a device on the local PCI bus (the PCI
bus connected to the MPC105). Type O configuration accesses are not propagated beyond
the local PCI bus and must be claimed by a local device or terminated with a master-abort.
The second type of configuration access, type 1, is used to pass a configuration request on
to another PCI bus (through a PCI-to-PCI bridge). Type 1 accesses are ignored by all targets
except PCI-to-PCI bridges.

To access the configuration space, a 32-bit value must be written to the CONFIG_ADDR
register that specifies the target PCI bus, the target device on that bus, and the configuration
register to be accessed within that device. A read or write to the CONFIG_DATA register
causes the MPC105 to translate the access into a PCI configuration cycle (provided the
enable bit in CONFIG_ADDR is set and the device number is not Ob1_1111).

The CONFIG_ADDR register is located at different addresses depending on the memory
address map in use. The address maps are described in Section 3.1, “Address Maps.” For
address map A in the contiguous mode, the 60x can access the CONFIG_ADDR register
through the MPC105 at 0x8000_0CF8. For address map A in the discontiguous mode, the
60x can access the CONFIG_ADDR register through the MPC105 at 0x8006_7018. For
address map B, the 60x can access the CONFIG_ADDR register at any location in the
address range from OxF080_0000 to OxFOBF_FFFE. For simplicity, the address for
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CONFIG_ADDR is sometimes referred to as “CF8,” “Oxnnnn_nCF8,” or (in the PCI
literature as) “CF8h.” Although systems implementing address map B can use any address
in the range from 0xF080_0000 to OxFOBF_FFFF for the CONFIG_ADDR register, the
address 0xFO80_0CF8 may be the most intuitive location.

The format of CONFIG_ADDR is shown in Figure 7-4.

Reserved

Function Number

Bus Number Device Number I | Register Number
3130 2423 16 15 1110 87 210

Figure 7-4. Layout of CONFIG_ADDR Register

Table 7-3 describes the fields within CONFIG_ADDR.

Table 7-3. CONFIG_ADDR Register Fields

Bits Field Name Description
31 E(nable) Enable Flag. This bit controls whether accesses to CONFIG_DATA are
translated into PCI configuration cycles.
1 Enabled
0 Disabled
30-24 —_ Reserved (must be 0b000_0000)
23-16 Bus number This field is an encoded value used to select the target bus of the configuration

access. For target devices on the PCI bus connected to the MPC105, this field
should be set to 0x00.

15-11 Device number This field is used to select a specific device on the target bus.

10-8 Function number This field is used to select a specific function in the requested device. Single-
function devices should respond to function number = 0b000.

7-2 Register number This field is used to select the address offset in the configuration space of the
target device.

1-0 — Reserved (must be 0b00)

As with the CONFIG_ADDR register, the CONFIG_DATA register is located at different
addresses depending on the memory address map in use. For address map A in the
contiguous mode, the 60x can access the CONFIG_DATA register through the MPC105 at
0x8000_0CFC-0x8000_0CFF. For address map A in the discontiguous mode, the 60x can
access the CONFIG_DATA register through the MPC105 at 0x8006_701C-0x8006_701F.
For address map B, the 60x can access the CONFIG_DATA register at any location in the
address range from O0xFOCO_0000 to OxFODF_FFFF. For simplicity, the address for
CONFIG_DATA is sometimes referred to as “CFC,” “Oxnnnn_nCFC,” or (in the PCI
literature as) “CFCh.” Although systems implementing address map B can use any address
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in the range from 0xFOCO0_0000 to OxFODF_FFFF for the CONFIG_DATA register, the
address OxFOCO_OCFC-0xFOCO_OCFF may be the most intuitive location.

Note that the CONFIG_DATA register may contain 1, 2, 3, or 4 bytes depending on the
register number.

When the MPC105 detects an access to the CONFIG_DATA register, it checks the enable
flag and the device number in the CONFIG_ADDR register. If the enable bit is set, and the
device numberis not Ob1_1111, the MPC105 performs a configuration cycle translation and
runs a configuration-read or configuration-write transaction on the PCI bus. The device
number Obl_1111 is used for performing interrupt-acknowledge and special-cycle
transactions. See Section 7.4.6, “Other Bus Transactions,” for more information. If the bus
number corresponds to the local PCI bus (bus number = 0x00), the MPC105 performs a
type O configuration cycle translation. If the bus number indicates a non-local PCI bus, the
MPCI105 performs a type 1 configuration cycle translation.

For type O configuration cycle translations, the MPC105 translates the device number field
of the CONFIG_ADDR register into a unique IDSEL signal for up to 21 different devices.
Each device connects its IDSEL input to one of the AD31-AD11 signals. If the device
number field contains 0b0_1011, the MPC105 drives AD11 high and AD31-AD12 low
during the address phase of the configuration cycle; if the device number field contains
0b0_1100, the MPC105 drives AD11 low, AD12 high, and AD31-AD13 low during the
address phase of the configuration cycle; continuing on until for a device number of
0b1_1110, the MPC105 drives AD31 low, AD30 high, and AD29-AD11 low during the
address phase. The one exception to this translation is for a device number of 0b0_1010;
the MPC105 drives AD31 high and AD30-AD11 low during the address phase.

For type O translations, the function number and register number fields are copied without
modification onto the AD10-AD?2 signals during the address phase. The AD1-ADO signals
are driven to 0b00O during the address phase for type O configuration cycles. Figure 7-5
shows the type O translation from the CONFIG_ADDR register to the AD31-ADO signals
on the PCI bus during the address phase of the configuration cycle.
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Function Number

Bus Number Device NumberT I Register Number

16 15 1110 87 2
I Il

AD31-ADO Signals
During Address Phase

)
IDSEL-only one signal high Function/Register Number | 00 l
31 1110 210

Figure 7-5. Type 0 Configuration Translation

For type 1 translations, the MPC105 copies without modification the 30 high-order bits of

the CONFIG_ADDR register onto the AD31-AD?2 signals during the address phase. The

MPC105 automatically translates AD1-ADO into 0b01 during the address phase to indicate
a type 1 configuration cycle.

7.4.6 Other Bus Transactions

There are two other PCI transactions that the MPC105 supports—interrupt-acknowledge
cycles and special cycles. As a master, the MPC105 may initiate both interrupt-
acknowledge and special cycles; however, as a target, the MPC105 ignores interrupt-
acknowledge and special cycles. Both transactions make use of the CONFIG_ADDR and
CONFIG_DATA registers discussed in Section 7.4.5.2, “Accessing the PCI Configuration
Space.”

7.4.6.1 Interrupt Acknowledge

The PCI bus supports an interrupt-acknowledge transaction. The interrupt-acknowledge
command is a read implicitly addressed to the system interrupt controller.

When the MPC105 detects a read to the CONFIG_DATA register, it checks the enable flag
and the device number in the CONFIG_ADDR register. If the enable bit is set, the device
number is Ob1_1111, and the bus number corresponds to the local PCI bus (bus number =
0x00), the MPC105 performs an interrupt-acknowledge transaction.
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The address phase contains no valid information other than the command signals. There is
no explicit address, however AD31-ADO are driven to a stable state and parity is generated.
Only one device (the system interrupt controller) on the PCI bus should respond to the
interrupt-acknowledge command by asserting DEVSEL. All other devices on the bus
should ignore the interrupt-acknowledge command.

During the data phase, the responding device returns the interrupt vector on AD31-ADO
when TRDY is asserted. The size of the interrupt vector returned is indicated by the byte
enable signals.

7.4.6.2 Special Cycle

The special-cycle command provides a mechanism to broadcast select messages to all
devices on the PCI bus. The special-cycle command contains no explicit destination
address, but is broadcast to all PCI agents.

When the MPC105 detects a write to the CONFIG_DATA register, it checks the enable flag
and the device number in the CONFIG_ADDR register. If the enable bit is set, the device
number is Ob1_1111, and the bus number corresponds to the local PCI bus (bus number =
0x00), then the MPC105 performs a special-cycle transaction on the local PCI bus. If the
bus number indicates a nonlocal PCI bus, the MPC105 performs a type 1 configuration
cycle translation, similar to any other configuration cycle for which the bus number does
not match.

The address phase contains no valid information other than the command signals. There is
no explicit address, however AD31-ADO are driven to a stable state and parity is generated.
During the data phase, AD31-ADO contain the message and an optional data field. The
message is encoded on the 16 least significant bits (AD15-ADO0); the optional data field is
encoded on the most significant 16 lines (AD31-AD16). The special-cycle message
encodings are assigned by the PCI SIG Steering Committee. The current list of defined
encodings and how the MPC105 implements them are provided in Table 7-4.

Table 7-4. Special-Cycle Message Encodings

AD15-AD0 Message Description
0x0000 SHUTDOWN Indicates the MPC105 is entering the sleep power
saving mode
0x0001 HALT Indicates the MPC105 is entering either the nap or
sleep power saving mode
0x0002 x86 architecture-specific | This message type is not used by the MPC105.
0x0003-OxFFFF — Reserved

Note that the power management configuration register (PMCR) controls which special-
cycle messages (if any) the MPC105 broadcasts to the PCI bus. See Section 3.2.4, “Power
Management Configuration Register (PMCR),” for a description of the PMCR.
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Each receiving agent must determine whether the message is applicable to itself. Assertion
of DEVSEL in response to a special-cycle command is not necessary. The master of the
special-cycle can insert wait states but since there is no specific target, the message and data
are valid on the first clock-IRDY is asserted. All special-cycles are terminated by master-
abort; however, the received master-abort bit in the master’s status register is not set for
special-cycle terminations.

7.5 PCI Error Functions

PCI provides for parity and other system errors to be detected and reported. This section
describes generation and detection of parity and error reporting for the PCI bus.

The PCI command register and error enabling register 1 provide for selective enabling of
specific PCI error detection. The PCI status register, error detection register 1, the PCI bus
error status register, and the CPU/PCI error address register provide PCI error reporting.
These registers are described in Section 3.2.3, “PCI Registers,” and Section 3.2.5, “Error
Handling Registers.”

7.5.1 Parity

Generating parity is not optional; it must be performed by all PCI-compliant devices. All
PCl transactions, regardless of type, calculate parity the same way—the number of “1s” on
AD31-ADO, C/BE3-C/BEQ, and PAR all sum to an even number.

Parity provides a way to determine, on each transaction, if the master successfully
addressed the target and transferred valid data. The C/BE3-C/BEQ signals are included in
the parity calculation to insure that the correct bus command is performed (during the
address phase) and that correct data is transferred (during the data phase). The agent that is
responsible for driving the bus is also responsible for driving even parity on PAR one clock
after a valid address phase or valid data transfer.

During the address and data phases, parity covers all 32 address/data signals and the four
command/byte enable signals regardless of whether all lines carry meaningful information.
Byte lanes not actually transferring data must contain stable (albeit meaningless) data and
are included in parity calculation. During configuration, special-cycle or interrupt-
acknowledge commands, some address lines are not defined but are driven to stable values
and are included in parity calculation.

Agents that support parity checking must set the detected parity error bit in the status
register when a parity error is detected. Any additional response to a parity error is
controlled by the parity error response bit in the command register. If the parity error
response bit is cleared, the agent ignores all parity errors.
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7.5.2 Error Reporting

PCI provides for the detection and signaling of both parity and other system errors. Two
signals are used to report these errors—PERR and SERR. The PERR signal is used
exclusively to report data parity errors on all transactions except special-cycles. SERR is
used for other error signaling including data parity errors on special-cycles, address parity
errors, and may be used to signal other system errors. Refer to Section 9.3.3, “PCI
Interface,” for a complete description of MPC105 actions on due to parity and other errors.

7.6 MPC105-Implemented PCI Sideband Signals

The PCI specification loosely defines a sideband signal as any signal not part of the PCI
specification that connects two or more PCI-compliant agents, and has meaning only to
those agents. The MPC105 implements three PCI sideband signals—ISA_MASTER,
FLSHREQ, and MEMACK. This section describes the use of these signals in a PCI bus
design.

7.6.1 ISA_MASTER

The ISA_MASTER signal provides a mechanism to access system memory for ISA
devices (or a PCI-to-ISA bridge) that cannot generate a full 32-bit address.

Normally, when using address map A, a PCI memory read or write command to addresses
in the range 0x8000_0000- OxFFFF_FFFF generates an access to system memory.
However, if the PCI-to-ISA bridge runs a memory transaction that does not use a full 32-
bit address, access to system memory is impossible. Assertion of ISA_MASTER indicates
that an ISA master is requesting access to system memory.

The ISA_MASTER signal should be asserted coincident with the PCI-to-ISA bridge
receiving a PCI bus grant. When the MPC105 detects ISA_MASTER asserted (during the
address phase), the MPC105 automatically asserts DEVSEL to claim the transaction
regardless of the address in AD31-ADO. Due to the automatic assertion of DEVSEL when
ISA_MASTER is detected, possible bus contention can occur if the current transaction is
not truly intended for the MPC105 (system memory access).

If the PCI-to-ISA bridge can generate a full 32-bit address, the ISA_ MASTER signal is
unnecessary and may be tied to Vpp (high).

7.6.2 FLSHREQ and MEMACK

The FLSHREQ signal allows a PCI agent to request that the MPC105 flush its internal
buffers. The MEMACK allows the MPC105 to acknowledge that it has flushed its internal
buffers.

If a master on the PCI bus asserts FLSHREQ, the MPC105 stops accepting new
transactions from the 60x bus (except snoop copy-back operations), completes all
outstanding transactions, and then asserts MEMACK. The MPC105 holds MEMACK
asserted until two cycles after the master negates FLSHREQ. When FLSHREQ is negated,
the master must wait until after MEMACK is negated before it can reassert FLSHREQ.
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Chapter 8
Internal Control

The MPC105 uses internal buffering to store addresses and data moving through it, and to
maximize opportunities for concurrent operations. A central control unit directs the flow of
transactions through the MPC105, performing internal arbitration and coordinating the
internal and external snooping. This chapter describes the internal buffering and arbitration
logic of the MPC105.

8.1 Internal Buffers

For most operations, the data is latched internally in one of seven data buffers. The
exception is processor accesses to system memory. Data transfers between the 60x
processor and system memory, with the exception of snoop copy-backs, occur directly on
the shared data bus, so no data buffering is required for those transactions.

There are eight address buffers which correspond to the seven data buffers plus an eighth
buffer for the address of the current 60x processor/system memory access. All transactions n
entering the MPC105 have their addresses stored in the internal address buffers. The

address buffers allow the addresses to be snooped as other transactions attempt to go

through the MPC105. This is especially important for write transactions that enter the

MPC105 because the update of memory may be performed out-of-order with respect to

other transactions.

Figure 8-1 depicts the organization of the internal buffers.
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Figure 8-1. MPC105 Internal Buffer Organization

8.1.1 60x Processor/System Memory Buffers

Because systems using the MPC105 have a shared data bus between the processor, L2
cache, and system memory, for most cases it is unnecessary to buffer data transfers between
these devices. However, there is a 32-byte copy-back buffer which is used for temporary

storage of L1 copy-backs due to snooping PCl-initiated reads from memory, and L2
castouts.

“ Figure 8-2 shows the address and data buffers between the 60x processor bus and the
system memory bus.

Processor Address/Control

Processor/Memory Data

/ ;Y
Processor/ v [A] L2 Gopy-Back [ AToo[p1]p2[D3]

Memory Row/Column Address

o

Figure 8-2. Buffers between the 60x Processor Bus and the System Memory Bus

The copy-back buffer can only be in one of two states—invalid, or modified with respect
to system memory. Since the buffer is only used for burst write data, the entire cache line
in the buffer is always valid if any part of the cache line is valid.
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L2 cast-outs are caused by a 60x processor transaction that misses in the L2 cache, and the
cache line in the L2 that will be replaced currently holds modified data. The MPC105
latches the modified data from the L2 to minimize the latency of the original 60x processor/
system memory transaction. The MPC105 completes the flush of the data in the buffer to
system memory at the earliest available opportunity.

In the case of a snoop for a PCI read from system memory that causes an L1 copy-back, the
copy-back data is latched in the copy-back buffer and simultaneously forwarded to the PCI
bus. Once the L1 copy-back is complete and the PCI agent has finished reading from the
copy-back buffer, the MPC105 flushes the data to system memory at the earliest available
opportunity.

Once the copy-back buffer has been filled, the data remains in the buffer until the system
memory bus is available to complete the copy-back to system memory. During the time that
modified data waits in the copy-back buffer, all transactions to system memory space are
snooped against the copy-back buffer, and in some cases the transaction can read from or
write to the copy-back buffer instead of system memory. Since it is possible for the L1
cache in the 60x processor to contain a more recently modified version of a cache line than
that in the copy-back buffer, all PCl-initiated transactions that hit in the copy-back buffer
cause a snoop broadcast on the 60x processor bus.

8.1.2 60x Processor/PCIl Buffers

There are three data buffers for processor accesses to PCl—one 32-byte buffer for
processor reads from PCI (PRPRB), and two 16-byte buffers for processor writes to PCI
(PRPWBSs) each with an associated address buffer. Figure 8-3 shows the address and data
buffers between the 60x processor bus and the PCI bus.

Processor Address/Control

Processor/Memory Data

Processor/PCl | A0|DO[D1

Y
Write Buffers Processor/PCl
Al[D2[D3] " [ A [Do[D1]D2[D3]

L4 P

Y
PCI Address/Data

Figure 8-3. Buffers between the 60x Processor Bus and the PCI Bus
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8.1.2.1 Processor-Read-from-PCl Buffer (PRPRB)

60x processor reads from PCI require buffering for two primary reasons. First, the
processor bus uses a critical-word-first protocol, while the PCI bus uses a zero-word-first
protocol. The MPC105 requests the data zero-word-first, latches the requested data, and
then delivers the data to the 60x processor critical-word first.

The second reason is that if the target for a processor read from PCI disconnects part way
through the data transfer, the MPC105 may have to handle a system memory access from
an alternate PCI master before the disconnected transfer can continue.

When the processor requests data from the PCI space, the data received from PCI is stored
in the PRPRB until all requested data has been latched. The MPC105 does not terminate
the address tenure of the 60x transaction until all requested data is latched in the PRPRB.
If the PCI target disconnects in the middle of the data transfer and an alternate PCI master
acquires the bus and initiates a read from system memory, the MPC105 retries the 60x
processor so that the incoming PCI transaction can be snooped. A PCl-initiated read from
system memory may require a snoop transaction on the 60x processor bus, and a copy-back
may be necessary.

The PCI interface of the MPC105 continues to request the PCI bus until the processor’s
original request is completed. When the next processor transaction starts, the address is
snooped against the address of the previous transaction (in the internal address buffer) to
verify that the same data is being requested. Once all the requested data is latched, the
MPCI105 asserts AACK and DBGr (as soon as the 60x data bus is available) and completes
the data transfer to the processor. If a second processor starts a new transaction, the address
cannot match the disconnected transaction address. If the new transaction is not a read from
PCI, it proceeds normally; if the transaction is a read from PCI, it must wait until the
disconnected transaction completes before proceeding.

For example, if the processor initiates a critical-word-first burst read, starting with the
second double word of the cache line, the read on the PCI bus begins with the cache-line-
aligned address. If the PCI target disconnects after transferring the first half of the cache
line, the MPC105 re-arbitrates for the PCI bus, and when granted, initiates a new
transaction with the address of the third double word of the line. If an alternate PCI master
requests data from system memory while the MPC105 is waiting for the PCI bus grant, the
MPC105 retries the processor transaction to allow the PCl-initiated transaction to snoop the
processor bus. When the processor snoop is complete, the subsequent processor transaction
is compared to the latched address and attributes of the PCI read buffer to ensure that the
processor is requesting the same data. Once all data requested by the processor is latched
in the PCI read buffer, the data is transferred to the processor, completing the transaction.
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8.1.2.2 Processor-to-PCI-Write Buffers (PRPWBs)

There are two 16-byte buffers for processor writes to PCI. These buffers can be used
together as one 32-byte buffer for processor burst writes to PCI, or separately for single-
beat writes to PCI. This allows the MPC105 to support both burst transactions and streams
of single-beat transactions. The MPC105 performs store gathering (if enabled) within the
16-byte range that makes up either the first or second half of the cache line. All transfer
sizes are gathered if enabled (PICR1[ST_GATH_EN] = 1).

The internal buffering minimizes the effect of the slower PCI bus on the higher speed 60x
processor bus. Once the processor write data is latched internally, the 60x processor bus is
available for subsequent transactions without having to wait for the write to the PCI target
to complete. Note that both PCI memory and I/O accesses are buffered. Device drivers must
take into account that writes to I/O devices on the PCI bus are posted. The processor may
believe that the write has completed while the MPC105 is still trying to acquire mastership
of the PCI bus.

If the processor initiates a burst write to PCI, the 60x data transfer is delayed until all
previous writes to PCI are completed, and then the burst data from the 60x processor fills
the two PRPWBs. The address and transfer attributes are stored in the first address buffer.

For a stream of single-beat writes, the data for the first transaction is latched in the first
buffer and the MPC10S5 initiates the transaction on the PCI bus. The second single-beat
write is then stored in the second buffer. For subsequent single-beat writes, store gathering
is possible if the incoming write is to the same half cache line as the previously latched data.
Store gathering is only used for writes to PCI memory space, not for writes to PCI1/0 space.
The store gathering continues until the buffer is scheduled to be flushed or until the
processor issues a synchronizing transaction.

For example, if both PRPWBs are empty and the 60x processor issues a single-beat write
to PCI, the data is latched in the first buffer and the PCI interface of the MPC105 attempts
to acquire the PCI bus for the transfer. The data for the next 60x-to-PCI write transaction is
latched in the second buffer, even if the second transaction’s address falls within the same
half cache line as the first transaction. As long as the PCI interface is busy with the first
transfer, any processor single-beat writes to the same half cache line as the second transfer
are gathered in the second buffer until the PCI bus becomes available.

8.1.3 PCI/System Memory Buffers

There are three data buffers for PCI accesses to system memory—one 32-byte buffer for
PClI reads from system memory (PCMRB) and two 32-byte buffers for PCI writes to system
memory (PCMWBs) each with an associated address buffer. Figure 8-4 shows the address
and data buffers between the PCI bus and the system memory.
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PCI Address/Data

Figure 8-4. Buffers between the PCI bus and System Memory

Note that many PCI accesses to system memory are snooped on the 60x processor bus to
ensure coherency between the PCI bus, system memory, the L1 cache of the 60x processor,
and the L2 cache (if present). Table 8-1 summarizes the snooping behavior of PCI read and
write transactions that hit in one of the internal buffers.

Table 8-1. Snooping Behavior Caused by a Hit in an Internal Buffer

PCI Transaction Hit in Internal Buffer Snoop Required

Read Copy-back Yes
Read (not locked) PCMRB No
Read (first access of a locked | PCMRB Yes
transfer)’

Read (not locked) PCMWB No
Read (first access of a locked | PCMWB Yes
transfer)'

Write Copy-back Yes
Write PCMRB Yes
Write PCMWB No

1 Only reads can start an exclusive access (locked transfer). The first locked transfer
must be snooped so that the cache line in the L1 is invalidated.
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8.1.3.1 PCI-Read-from-System-Memory Buffer (PCMRB)

When a PCI device initiates a read from system memory, the address is snooped on the 60x
processor bus. The memory access is started simultaneous with the snoop. If the snoop
results in a hit in either the L1 or L2 cache, the MPC105 cancels the system memory access.

Depending on the outcome of the snoop, the requested data is latched into either the 32-
byte PCI-read-from-system-memory buffer (PCMRB), or into the copy-back buffer (as
described in Section 8.1.1, “60x Processor/System Memory Buffers”).

« If the snoop hits in the L1, the copy-back data is written to the copy-back buffer,
forwarded to PCI, and then written to memory when the PCI transfer is complete.

+ If the snoop hits in the L2, the data is written to the PCMRB and sent to PCI without
changing the internal state of the data in the L2. Note that a copy-back to system
memory is unnecessary because the state of the data in the L2 remains unchanged.

» If the snoop does not hit in either the L1 or L2, the PCMRB is filled from system
memory starting at the requested address to the end of the cache line.

The data is forwarded to PCI as soon as it is received, not when the complete cache line has
been written into the PCMRB. The addresses for subsequent PCI reads are compared to the
existing address, so if the new access falls within the same cache line and the requested data
is already latched in the buffer, the data can be forwarded to PCI without requiring a snoop
or another memory transaction.

If a PCI write address hits in the PCMRB, the buffer is invalidated and the address is
snooped on the processor bus. If the 60x processor accesses the address in the PCMRB, the
PCMRSB is invalidated.

8.1.3.2 PCI-to-System-Memory-Write Buffers (PCMWBs)

For PCI write transactions to system memory, the MPC105 employs two PCMWBs. The
PCMWBs hold up to one cache line (32-bytes) each. Before PCI data is transferred to
system memory, the address must be snooped on the 60x processor bus. The buffers allow
for the data to be latched while waiting for a snoop response. The write data can be accepted
without inserting wait states on the PCI bus. Also, two buffers allow a PCI master to write
to one buffer, while the other buffer is flushing its contents to system memory. Both
PCMWBs are capable of gathering for writes to the same cache line.

If the snoop on the 60x processor bus hits modified data in either the L1 or L2 cache, the
snoop copy-back data is merged with the data in the PCMWB, and the full cache line is sent
to memory. For the PCI memory-write-and-invalidate command, a snoop hit in either the
L1 or L2 cache invalidates any modified cache line without requiring a copy-back.

Note that a PCI transaction that hits in either of the PCMWBs does not require a snoop on
the 60x processor bus. However, if a PCI write address hits in the PCI-read-from-system-
memory buffer PCMRB), the MPC105 invalidates the PCMRB and snoops the address on
the 60x processor bus.
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When the PCI write is complete and the snooping is resolved, the data is flushed to memory
at the first available opportunity.

For a stream of single-beat writes, the data for the first transaction is latched in the first
buffer and the MPC105 initiates the snoop transaction on the 60x processor bus. For
subsequent single-beat writes, gathering is possible if the incoming write is to the same
cache line as the previously latched data. Gathering to the first buffer can continue until the
buffer is scheduled to be flushed, or until a write occurs to a different address. If there is
valid data in both buffers, further gathering is not supported until one of the buffers has
been flushed.

8.1.3.2.1 Speculative PCI Reads from System Memory

To minimize the latency for large block transfers, the MPC105 includes a selectable
speculative read feature. When this feature is enabled (PICR1[2] = 1), the MPC105 starts
the snoop of the next sequential cache line address when the current PCI read is accessing
the third double word (the second half) of the cache line in the PCMRB.

Once the speculative snoop response is known and PCI has completed the read, the data at
the speculative address is fetched from system memory and loaded into the buffer in
anticipation of the next PCI request. Note that the assertion of CAS is delayed until PCI is
finished reading the data currently latched in the buffer. If a different address is requested,
the speculative operation is halted and any data latched in the PCI read buffer is invalidated.

8.2 Internal Arbitration

The arbitration for the PCI bus is performed externally. All processor-PCI transactions are
performed strictly in-order. However, the MPC105 performs arbitration internally for the
shared processor/memory data bus. The arbitration for the processor/memory data bus
employs the following priority scheme:

—

60x processor read from system memory

60x processor-to-L2 cache transfer

L2 copy-back (or PCMRB data transfer) due to a read snoop hit
Priority PCMWB flush

Priority copy-back buffer flush

PCI read from system memory (with snoop complete)
60x processor write to system memory

Snoop copy-back due to PCI write snoop

. 60x processor read from or write to PCI access

10 Load copy-back buffer

11. PCI read from system memory (snoop not complete)
12.Normal copy-back buffer flush

13.Normal PCMWB flush

14. Speculative PCMRB read

© N LA W
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Note that the PCMWB and copy-back buffer flushes can be assigned a higher priority under
certain conditions. The normal copy-back buffer flush becomes a priority copy-back buffer
flush in the following conditions—a 60x processor read hit, a 60x processor single-beat
write hit, a PCI read hit, or the buffer is full and new data needs to be written to it. A normal
PCMWB flush becomes a priority PCMWB flush in the following conditions—a PCI read
hit, the buffer is full and another PCI write starts, or a 60x processor to system memory read
or write hit.
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Chapter 9
Error Handling

The MPC105 provides error detection and reporting on the three primary interfaces (60x
processor interface, memory interface, and PCI interface). This chapter describes how the
MPC105 handles different error (or interrupt) conditions.

Errors detected by the MPC105 are reported to the 60x processor by asserting the machine
check (MCP) or transfer error acknowledge (TEA) signal. The system error (SERR) and
parity error (PERR) signals are used to report errors on and to the PCI bus. The MPC105
provides the NMI signal for ISA bridges to report errors on the ISA bus. The MPC105
internally synchronizes any asynchronous error signals.

The PCI command and status registers, and the error handling registers enable or disable
the reporting and detection of specific errors. These registers are described in Chapter 3,
“Device Programming.”

The MPC105 detects illegal transfer types from the 60x processor, illegal Flash ROM write
transactions, L2 cache parity errors, memory parity errors, accesses to memory addresses
out of the range of physical memory, PCI address and data parity errors, PCI master-abort
cycles, and PCI received target-abort errors.

The MPC105 latches the address and type of transaction that caused the error in the error
status registers to assist diagnostic and error handling software. See Section 3.2.5.3, “Error
Status Registers,” for more information. Chapter 2, “Signal Descriptions,” contains the
signal definitions for the interrupt signals.

9.1 Priority of Externally-Generated Interrupts

Table 9-1 describes the relative priorities and recoverability of externally-generated
interrupts.
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Table 9-1. Externally-Generated Interrupt Priorities

Processor
Priority Exception Cause Recoverability
0 System reset HRST or power-on reset (POR) Nonrecoverable in all
cases
1 Machinecheck | Memory select error or memory data read parity error Nonrecoverable in most
(MCP or TEA) cases
2 Machinecheck | lllegal transaction type or Flash ROM write error Nonrecoverable in most
(MCP) cases
3 Machinecheck | PCI address parity error (SERR), PCI data parity error | Nonrecoverable in most
(MCP) (PERR), PCI master-abort, received PCI target-abort cases
4 Machinecheck | NMI Nonrecoverable in most
(MCP) cases

Note that for priority 1 through 4, the interrupt is the same. The machine check exception
and the priority are related to additional error information provided by the MPC105 (for
example, the address provided in the 60x/PCI error address register).

9.2 Interrupt And Error Signals

Although Chapter 2, “Signal Descriptions,” contains the signal definitions for the interrupt
and error signals, this section describes the interactions between system components when
an interrupt or error signal is asserted.

9.2.1 System Reset

The system reset interrupt is an asynchronous, nonmaskable interrupt that occurs at power-
on reset (POR) or when the hard reset (HRST) input signal is asserted.

When a system reset request is recognized (HRST or POR), the MPC105 aborts all current
internal and external transactions, tri-states all bidirectional I/O signals, ignores the input
signals (except for SYSCLK, and the configuration signals FNR/DWEQ, RCS0, DLO,
XATS, and PLLO-PLL3), and drives most of the output signals to an inactive state. The
MPCI105 then initializes its internal logic. For proper initialization, the assertion of HRST
must satisfy the minimum active pulse width. The minimum active pulse width and other
timing requirements for the MPC105 are given in the MPC105 Hardware Specifications.

During system reset, the latches dedicated to JTAG functions are not initialized. The IEEE
1149.1 standard prohibits the device reset from resetting the JTAG logic. The JTAG reset
(TRST) signal is used to reset the dedicated JTAG logic during POR.

9.2.2 60x Processor Bus Error Signals

The MPC105 provides two signals to the 60x processor bus for error reporting—MCP and
TEA.
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9.2.2.1 Machine Check (MCP)

The MPC105 asserts MCP to signal to the 60x processor that a nonrecoverable error has
occurred during system operation. The assertion of MCP depends upon whether the error
handling registers of the MPC105 are set to report the specific error.

Assertion of MCP causes the 60x processor to conditionally take a machine check
exception or enter the checkstop state based on the setting of the MSR[ME] in the 60x
processor. The programmable parameter PICR1[MCP_EN] is used to enable or disable the
assertion of MCP by the MPC105.

The MCP signal may be asserted on any cycle. The current transaction may or may not be
aborted depending upon the software configuration.

The MPC105 holds MCP asserted until the 60x processor has taken the exception. The
MPC105 decodes an interrupt acknowledge cycle by detecting 60x processor reads from
the two possible machine check exception addresses at 0x0000_0200 and OxFFF0_0200.

9.2.2.2 Transfer Error Acknowledge (TEA)

The MPC105 asserts TEA to signal to the 60x processor that a nonrecoverable error has
occurred during data transfer on the 60x processor data bus. The assertion of TEA depends
upon whether the error handling registers of the MPC105 are set to report the specific error.

The assertion of TEA causes the 60x processor to conditionally take a machine check
exception or enter the checkstop state based on the setting of MSR[ME] in the 60x
processor. Note that the assertion of TEA does not prevent corrupt data from being written
into the cache or GPRs of the 60x processor.

The TEA signal may be asserted on any cycle that DBB is asserted. The assertion of TEA
terminates the data tenure immediately, even if in the middle of a burst. The MPC105
asserts TEA for only one clock.

The programmable parameter PICR1[TEA_EN] is used to enable or disable the assertion
of TEA by the MPC105. If PICR1[TEA_EN] is programmed to disable the assertion of
TEA, and a 60x processor data transfer error occurs, then the MPC105 asserts TA the
appropriate number of times to complete the transaction, but the data is unpredictable.

9.2.3 PCI Bus Error Signals

The MPC105 uses three error signals to interact with the PCI bus—SERR, PERR, and
NMI.

9.2.3.1 System Error (SERR)

The SERR signal is used to report PCI address parity errors, PCI data parity errors on a
special-cycle command, target-abort, or any other errors where the result is potentially
catastrophic. The SERR signal is also asserted for master-abort, except if it happens for a
PCI configuration access or special-cycle transaction.
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The agent responsible for driving AD31-ADO on a given PCI bus phase is responsible for
driving even parity one PCI clock later on the PAR signal. That is, the number of 1’s on
AD31-ADO0, C/BE3-C/BEQO, and PAR equals an even number.

The SERR signal is driven for a single PCI clock cycle by the agent that is reporting the
error. The target agent is not allowed to terminate with retry or disconnect if SERR is
activated due to an address parity error.

Bit 8 of the PCI command register controls whether the MPC105 asserts SERR upon
detecting one of the error conditions. Bit 14 of the PCI status register reports when the
MPC105 asserts the SERR signal.

9.2.3.2 Parity Error (PERR)

The PERR signal is used to report PCI data parity errors during all PCI transactions, except
for a PCI special-cycle. The agent responsible for driving AD31-ADO on a given PCI bus
phase is responsible for driving even parity one PCI clock later on the PAR signal. That is,
the number of 1’s on AD31-AD0), C/BE3-C/BEO and PAR equals an even number.

The PERR signal must be asserted by the agent receiving data two PCI clocks following
the data phase for which a data parity error was detected. Only the master may report a read
data parity error and only the selected target may report a write data parity error.

Bit 6 of the PCI command register controls whether the MPC105 ignores PERR. Bit 15 and
bit 8 of the PCI status register are used to report when the MPC105 has detected or reported
a data parity error.

9.2.3.3 Nonmaskable Interrupt (NMI)

The NMI signal is, effectively, a PCI sideband signal between the PCI-to-ISA bridge and
the MPC105. The NMI signal is driven by the PCI-to-ISA bridge to report any
nonrecoverable error detected on the ISA bus (normally, through the IOCHCK signal on
the ISA bus). The name nonmaskable interrupt is misleading due to its history in ISA bus
designs. The NMI signal should be connected to GND if it is not used. If PICR1[MCP_EN]
is set, the MPC105 reports the NMI error to the 60x processor by asserting MCP.

9.3 Error Reporting

Error detection registers 1 and 2 (ErrDR1 and ErrDR2) indicate which specific error has
been detected. Associated with these two registers, error enabling registers 1 and 2
(ErrEnR1 and ErrEnR2) are used to enable the latching of the error flags and the
corresponding error information which results in the assertion of MCP, provided
PICR1[MCP_EN] is set.
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ErrDR1[3] (60x/PCI Cycle) and ErrDR2[7] (invalid error address) together with the 60x/
PCI error address register, the 60x bus error status register, and the PCI bus error status
register are used to provide additional information about the detected error. Once an error
is detected, the associated information is latched inside these registers until all the error
flags are cleared. Subsequent errors cannot set the status flags until the previous error’s
flags are cleared.

9.3.1 60x Processor Interface

The 60x processor interface of the MPCI105 detects Flash ROM write errors and
unsupported 60x bus cycle errors. In either case, both ErrDR1[3] and ErrDR2[7] are
cleared, indicating that the error is due to a 60x bus transaction and the address in the 60x/
PCI error address register is valid. The MPC105 asserts either TEA or TA (depending on
the value of PICR1[TEA_EN]) to terminate the data tenure.

9.3.1.1 Flash ROM Write Error

The MPC105 allows single-byte writes to the ROM space when it is configured for Flash
ROM and PICR1[FLASH_WR_EN] is set. Otherwise, any 60x processor write transaction
to the ROM space results in a Flash ROM write error. Write transactions of more than one
data byte must be broken into a series of single-byte writes by software. When a Flash
ROM write error occurs, ErrfDR2[0] is set.

9.3.1.2 Unsupported 60x Bus Error

When an unsupported 60x bus cycle error occurs, ErrDR1[1-0] is set to reflect the error
type. Unsupported 60x bus transactions include XATS-initiated transactions and
transactions with unsupported transfer attributes. Unsupported transfer attributes include
writes to the PCI/ISA INTACK address (OxBFFF_FFFn) using address map A, and illegal
and reserved transfer types defined in Table 4-1.

9.3.2 Memory Interface

The memory interface of the MPC105 detects parity errors on the data bus during memory
(DRAM or SDRAM transaction) read cycles or during L2 cache (SRAM) read cycles. The
MPC105 also detects errors with system memory transaction addresses that fall outside of
the physical memory boundaries.

If the memory read transaction was initiated by a PCI master, ErrDR1[3] is set; if the
memory read transaction was initiated by the 60x processor, ErrDR1[3] is cleared.

ErrDR2[7] is cleared to indicate that the error address in the 60x/PCI error address register
is valid. However, for L2 data parity errors, the MPC105 cannot provide the error address
and the corresponding bus status. Thus, ErrDR2{7] is set to indicate that the error address
in the 60x/PCI error address register is not valid.

MOTOROLA Chapter 9. Error Handling 9-5




If the read transaction is initiated by the 60x processor, or by a PCI master with bit 6 of the
PCI command register cleared, then the error status information is latched, but the
transaction continues and terminates normally. If the transaction is initiated by a PCI master
and bit 6 of the PCI command register is set, the PCI interface of the MPC105 signals a
target-abort for the current transaction (if it has not completed).

9.3.2.1 System Memory Read Data Parity Error

When MCCR1[PCKEN] is set, the MPC105 checks memory parity on every memory data
read cycle and generates the parity data on every memory data write cycle that emanates
from the MPC105 but does not check the parity data. The 60x processor generates parity
on 60x writes to system memory. When a read parity error occurs, ErtDR1[2] is set.

9.3.2.2 System Memory Select Error

A memory select error occurs when a system memory transaction address falls outside of
the physical memory boundaries. When a memory select error occurs, ErtDR1[5] is set.

If a write transaction causes the memory select error, the write data is simply ignored. If a
read transaction causes the memory select error, meaningless data is returned. No RAS
signals are asserted in either case.

9.3.2.3 L2 Cache Read Data Parity Error

When ErrEnR2[4] is set, the MPC105 checks L2 cache parity on every L2 cache data read
cycle and generates the parity data on every L2 cache data write cycle that emanates from
the MPC105 but does not check the parity data. The 60x processor generates parity on 60x
writes to the L2 cache. When an L2 cache read parity error occurs, ErrDR2[4] is set.

9.3.3 PCI Interface

The MPC105 supports the error detection and reporting mechanism specified in the PCI
Local Bus Specification, Revision 2.0. The MPC105 keeps error information and sets the
appropriate error flags when a PCI error occurs (provided the corresponding enable bit is
set), independent of whether the PCI command register is programmed to respond to or
detect the specific error.

In cases of PCI errors, ErtDR 1[3] is set to indicate that the error is due to a PCI transaction.
In most cases, ErrDR2[7] is cleared to indicate that the error address in the 60x/PCI error
address register is valid. In these cases, the error address is the address as seen by the PCI
bus, not the 60x bus address.

If NMl is asserted, the MPC105 cannot provide the error address and the corresponding bus
error status. In such cases, ErrDR2[7] is set to indicate that the error address in the 60x/PCI
error address register is not valid.
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9.3.3.1 Address Parity Error
If the MPC105 is acting as a PCI master, and the target detects and reports (by asserting
SERR) a PCI address parity error, then the MPC105 sets ErrDR1[7] and sets the detected

parity error bit (bit 15) in the PCI status register. This is independent of the settings in the
PCI command register.

If the MPC105 is acting as a PCI target and detects a PCI address parity error, the PCI
interface of the MPC105 sets the status bit in the PCI status register (bit 15). If bits 8 and 6
of the PCI command register are set, the MPC105 reports the address parity error by
asserting SERR to the master (two clocks after the address phase) and sets bit 14 of the PCI
status register. Also the MPC105 will target-abort and set bit 11 of the PCI status register.
Also, if PICR1[MCP_EN] is set, the MPC105 reports the error to the 60x processor by
asserting MCP.

Note that for the MPC105 to recognize the assertion of SERR by another PCI agent, bit 5
(RX_SERR_EN) of the alternate OS-visible parameter register 1 must be set.

9.3.3.2 Data Parity Error

If the MPC10S5 is acting as a PCI master and a data parity error occurs, the MPC105 sets
bit 15 of the PCI status register. This is independent of the settings in the PCI command
register.

If the PCI command register of the MPC105 is programmed to respond to parity errors (bit
6 of the PCI command register is set) and a data parity error is detected or signaled during
a PCI bus transaction, the MPC105 sets the appropriate bits in the PCI status register (bit
15 is set, and possibly bit 8 is set, as described in the following paragraphs).

If a data parity error is detected by the MPC105 acting as the master (for example, during
a 60x processor-read-from-PClI transaction), and if bit 6 of the PCI command register is set,
the MPC105 reports the error to the PCI target by asserting PERR and by setting bit 8 of
the status register and tries to complete the transaction, if possible. Also, if
PICR1[MCP_EN] is set, the MPC105 asserts MCP to report the error to the 60x processor.
These actions also occur if the MPC105 is the master and detects the assertion of PERR by
the target (for a write).

If the MPC105 is acting as a PCI target when the data parity error occurs (on a write), the
MPC105 asserts PERR, sets ErrDR1[6] (PCI target PERR), and signals a target-abort (if it
hasn’t already completed the transfer). If the data had been transferred, the MPC105
completes the operation but discards the data. Also, if PICRI[MCP_EN] is set, the
MPC105 asserts MCP to report the error to the 60x processor.

In the case that PERR is asserted by the master during a memory read, the MPC105 target-
aborts causing the master to discontinue. In this case, the address of the transfer will be
logged in the error address register and MCP is optionally asserted. If an address is out of
range, the MPC105 sends a target-abort command.
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9.3.3.3 Master-Abort Transaction Termination

If the MPC105, acting as a master, initiates a PCI bus transaction (excluding special-cycle
and configuration transactions), but there is no response from any PCI agent (DEVSEL has
not been asserted within five PCI bus clocks from the start of the address phase), the
MPC105 terminates the transaction with a master-abort and sets the master-abort flag
(bit 13) in the PCI status register.

If ErrEnR 1[1] and PICR1[MCP_EN] are both set and the MPC105 terminates a transaction
with a master-abort, the MPC105 reports the error to the 60x processor by asserting MCP.

9.3.3.4 Cases of Target-Abort Signaled by MPC105

In summary, the MPC105 signals a target-abort command for the following cases if the
parity error response bit (but 6) of the PCI command register is set:

* Memory out of range on a read transaction for MPC105 acting as a target

* Memory out of range on a posted write when the MPC105 is currently acting as a
target

¢ Memory parity error on a read transaction for MPC105 acting as a target

* The SERR signal asserted while MPC105 acting as a target

* Data or address parity error detected while MPC105 acting as a target

 The PERR signal asserted on a read transaction for MPC105 acting as a target

9.3.3.5 Received Target-Abort Error

If a PCI transaction initiated by the MPC105 is terminated by target-abort, the received
target-abort flag (bit 12) of the PCI status register is set. If ErrEnR1[7] and
PICR1[MCP_EN] are both set and the MPC105 receives a target-abort, the MPC105

“ reports the error to the 60x processor by asserting MCP.

Note that any data transferred in a target-aborted transaction may be corrupt.

9.3.3.6 NMI (Nonmaskable Interrupt)

If PICR1[MCP_EN] is set and a PCI agent (typically the system interrupt controller) asserts
NMI to the MPC105, the MPC105 reports the error to the 60x processor by asserting MCP.

When the NMI signal is asserted, no error flags are set in the status registers of the
MPC105. The agent that drives NMI should provide the error flag for the system and the
mechanism to reset that error flag. The NMI signal should then remain asserted until the
error flag is cleared.
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9.4 Interrupt Latencies

Latencies for taking various interrupts are variable based on the state of the MPC105 when
the conditions to produce an interrupt occur. The minimum latency is one cycle. In this
case, the interrupt is signaled in the cycle following the appearance of the interrupt-
producing conditions.

9.5 Example Signal Connections

This section provides two examples of connecting the interrupt signals between the 60x
processor, the MPC105, and an interrupt controller on the PCI bus. Typically the interrupt
controller is integrated into the PCI-to-ISA bridge. Figure 9-1 shows a 603- or 604-based
system design. Figure 9-2 shows a 601-based system design.

603/604
Power-On Reset
HRST MCP

HRST MCP

MPC105
NMI |—————

SERR PERR

NMI
Interrupt
Controller
INT

Figure 9-1. Example Interrupt Signal Configuration—603-/604-Based System
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Power-On Reset

Figure 9-2. Example Interrupt Signal Configuration—601-Based System

HRST
MPC105

NM| ————

SERR PERR MCP

NMI

Interrupt

Controller

CKSTP_IN [ €———

CKSTP_OUT

9-10
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Appendix A
Power Management

The MPC105 provides the system designer hardware resources to flexibly reduce system
power consumption through the use of software and system hardware power control
mechanisms. This appendix describes the hardware support provided by the MPC105 for
power management.

A.1 MPC105 Power Modes

The MPC105 implements four levels of power reduction—doze, nap, sleep, and suspend,
with power consumption reduced with each step from doze to suspend. The doze, nap, and
sleep modes are entered through software setting the required configuration register bit in
the power management configuration register (PMCR). For more information about this
register, see section 3.2.4, “Power Management Configuration Register (PMCR).” The
suspend mode is entered by the assertion of the SUSPEND signal, as described in section
2.2.4, “PCI Interface Signals.” All of the power management modes are enabled by the
configuration of the global power management bit, PMCR[PM].

A.1.1 MPC105 Power Mode Transition

While the doze, nap, and sleep modes are enabled by setting the corresponding bits in the
PMCR, in the case of the nap and sleep modes the power management mode is entered
upon the assertion of the QREQ signal. The MPC105 responds by entering the power
management mode selected, and asserts QACK to signal to the processor that the power
management mode has been entered. The doze mode is entered directly by configuring the
doze bit in the PMCR, and does not require the assertion of QREQ.

The configuration of the MPC105 and the processor signals asserted differ depending on
which processor (601, 603, or 604) the MPC105 is connected to. The response of the
MPCI105 is configured through the setting of the processor type bits in
PICR1[PROC_TYPE].
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In a system designed using the 601, the MPC105 can be configured to ignore the state of
the QREQ signal, and enters the nap or sleep mode directly upon the setting of the required
PMCR bits. This is controlled through PMCR[601_NEED_QREQ], which when cleared to
0 allows the immediate invocation of the nap or sleep mode without assertion of QREQ,
and when set to 1 requires the assertion of QREQ by system power control logic to enter
the desired power management mode.

In systems designed using the 603, the power control signals QREQ and QACK are
connected to the corresponding signals on the MPC105, and the doze, nap, or sleep mode
is entered following the configuration of the required bit in the PMCR, and the assertion of
QREQ (in nap and sleep modes) to the MPC105 by the 603.

In systems designed using the 604, the MPC105°s QREQ signal is connected to the 604’s
HALT signal, and the MPC105’s QACK signal is connected to the 604’s RUN signal, and
the doze, nap, or sleep mode is entered following the configuration of the required bit in the
PMCR, and the assertion of QREQ (in nap and sleep modes) to the MPC105 by the 604.
Configuring the processor type bits in PICR1[PROC_TYPE] for the 604 causes the signal
levels sampled and driven by the MPC105’s QREQ and QACK signals to correspond to the
levels required by the 604’s RUN and HALT signals.

Figure A-1 shows the five power modes of the MPC105, and the conditions required for
entering and exiting those modes.

/@

Suspend

T1: PMCR[DOZE]) =1 & PMCR[PM] =1

T2: hard reset, BRx = 0, PCI address hit, NMI

T3: PMCH[NA %_]_& PMCR[PM =1& REES— 0 (or HALT = 1 in 604 system)
T4: hard reset, BRx = 0, PCl address hit, NM

T5 PMCH[SL _1 & PMCR[PM] = 1 & GR Q = 0 (or HALT = 1 in 604 system)

6: hard reset, 0
T7 suspend = 0 & PMdR[PM] =1
T8: suspend = 1

Figure A-1. MPC105 Power Modes
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The following sections provide a detailed description of the power modes of the MPC105.

A.1.2 Full-On Mode

This is the default power mode of the MPC105. In this mode, the MPC105 is fully powered
and the internal functional units are operating at full clock speed.

A.1.3 Doze Mode

In this power management mode, all of the MPC105’s functional units are disabled except
for PCI address decoding, system RAM refresh logic, processor bus request monitoring
(through BRO and BRT), and NMI signal monitoring. Once the doze power management
mode is entered, a hard reset, a PCI transaction referenced to the system memory, a bus
request from BRO or BR1, or assertion of NMI (with PICR1[MCP_EN] set to 1), brings the
MPC105 out of the doze mode and into the full-on mode.

After the system request has been serviced, the system returns to the doze mode if neither
PMCR[DOZE] nor the PMCR(PM) has been cleared and there are no further pending
service requests.

In doze mode, the PLL is required to be running and locked to SYSCLK. The transition to
the full-on mode will take no more than a few processor cycles. The MPC105’s doze mode
is totally independent of the power saving mode of the CPU.

A.1.4 Nap Mode

Additional power savings can be achieved through the nap mode. When invoking the
MPC105’s nap mode, both the MPC105 and the processor should be programmed to enable
the nap mode. The processor may also be programmed to enter sleep mode while the
MPCI105 enters nap mode.

As in doze mode, all the MPC105’s functional units are disabled except for the PCI address
decoding, system RAM refresh logic, processor bus request monitoring (through BRO and
BR1), and NMI signal monitoring. Once the nap mode is entered, a hard reset, a PCI
transaction referenced to the system memory, a bus request from BRO, a bus request from
BRI (in a multiprocessor system with PMCR[BR1_WAKE] set to 1), or an asserted NMI
(PICR1[MCP_EN] set to 1) will bring the MPC105 out of the nap mode.

In nap mode, the PLL is required to be running and locked to SYSCLK. The transition to
the full-on mode will take no more than a few processor cycles.

When the MPC105 is awakened by an access other than a PCI bus initiated transaction, the
transaction will be serviced and PMCR[PM] will be cleared. This means that the MPC105
will not automatically re-enter the nap mode. For PCI bus initiated transactions,
PMCRI[PM] is not be cleared, and the MPC105 will return to nap mode after the transaction
has been serviced.
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While the MPC105 is servicing a PCI bus transaction in systems using a 603, if the 603 is
still in a power management mode the 603 will not respond to any snoop cycles. Software
should therefore flush the 603’s L1 cache before allowing the system to enter the nap mode
if the system allows a PCI bus access to wake up the MPC105. However, in systems using
the 604, the 604 can be forced to respond to a snoop cycle if the RUN signal (connected to
the QACK signal from the MPC105) is asserted. This response by the 604 is enabled by
clearing PMCR[NO_604_RUN] to 0. If the MPCI105 is configured to allow snoop
responses by the 604, there is no need to flush the L1 cache before the 604 enters the nap
mode.

Before entering the nap mode, QREQ from 603 or HALT from 604 will be sampled active
by the MPC105, which will then respond with a QACK signal when it is ready to nap,
thereby allowing the processor to enter either the nap or sleep mode.

A.1.5 Sleep Mode

Sleep mode provides additional power savings when compared to nap mode. As in nap
mode, both MPC105 and the processor should be configured to enable the sleep mode
(although the processor may optionally be configured for nap mode while the MPC105 is
in sleep mode). While the MPC105 is in sleep mode, no functional units are operating
except the system RAM refresh logic (optional), processor bus request monitoring (through
BRO or BR1), and NMI signal monitoring. A hard reset, a bus request from BRO, a bus
request from BRT (in a multiprocessor system with PMCR[BR1_WAKE] set to 1), or
assertion of NMI (with PICR1[MCP_EN] set to 1) will wake the MPC105 from the sleep
mode. The PMCR[PM] bit will always be cleared after the MPC10S5 is awakened from the
sleep mode.

The PLL and SYSCLK input may be disabled by an external power management controller
(PMC) for additional power savings. The PLL can be disabled by setting the
PLL_CFG[0-3] signals in the PLL bypass mode. When recovering from sleep mode, the
external PMC has to re-enable the PLL and SYSCLK first, and then wake up the system
after 100 microseconds of PLL re-lock time.

In sleep mode, the system can retain the system memory content through the use of three
different methods. The first method is the normal CBR refresh which is supported by every
system. The second method is to enable the self refresh mode of the system memory. This
can be supported only if the system memory is capable of supporting the self refresh mode.
The final method is supported by the operating system by copying all the system memory
data to a hard disk. In this case, there is no need to continue the memory refresh operation.

The programming options for the three memory retention methods are defined by the
configuration of PMCR[LP_REF_EN] and MCCRS[SREN]. If the LP_REF_EN bit is
cleared to 0, there will be no memory refresh operation when the MPC105 is in the sleep
or suspend mode. If PMCR[LP_REF_EN] is set to 1, memory refresh will be carried out
even when the MPC10S5 is in a low-power mode. In this case, MCCR8[SREN] is used to
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determine whether the refresh is a self refresh (MCCRS8[SREN] set to 1) or a CBR refresh
(MCCRB8[SREN] cleared to 0).

When the MPC105 is in the sleep mode using CBR refresh and keeping the PLL in locked
operation, the wake up latency should be comparable to nap mode. However, additional
wake up latency will be needed if the system uses the self refresh mode and/or turns off the
PLL during sleep mode operation.

Before entering the sleep mode, QREQ from 603 or HALT from 604 should be sampled
active. The MPC105 will then respond with a QACK signal when it is ready to enter the
sleep mode, thereby allowing the processor to enter into either the nap or sleep mode.

Turning off the PLL and/or external clock during sleep mode requires waiting until the
assertion of the QACK signal. The external PMC chip should trap all the wake up events
so that it can turn on the PLL (observing the recommended PLL relock time) and/or the
external clock source before forwarding the wake up event to the MPC105.

A.1.6 Suspend Mode

Suspend mode provides the greatest reduction of power consumption. It is activated
through the assertion of the SUSPEND signal, which is driven by an external I/O device (in
most cases an external (system level) power management controller). In suspend mode, no
functional units are operating except the system RAM refresh logic (optional) and the
internal logic monitoring the SUSPEND signal. The MPC105 will remain in the suspend
mode until the SUSPEND signal is negated.

The PLL and SYSCLK input may be disabled by an external power management controller
(PMC) for additional power savings. The PLL can be disabled by setting the
PLL_CFG[0-3] pins into the PLL bypass mode. When recovering from suspend mode, the
external PMC has to re-enable the PLL and SYSCLK first, and then wake up the system
after the PLL has had time to relock (100 microseconds).

In suspend mode, the system can retain the contents of system memory through the use of
three different methods. The first method is the low-frequency refresh (RTC refresh) which
can be supplied very easily by most systems. A low frequency clock signal is supplied by
the system to the real time clock (RTC) input of the MPC105. The second method is to
enable the self refresh mode of the system memory. This can be supported only if the
system memory is capable of supporting the self refresh mode. The third method is
supported by the operating system by copying all the system memory data to the hard disk.
In this case, there is no need to continue the memory refresh operation.

The programming options for the three memory retention methods is defined by the
configuration of PMCR[LP_REF_EN] and MCCRS8[SREN]. If PMCR[LP_REF_EN] is
cleared to 0, there will be no memory refresh operation when the MPC105 is in suspend
mode. If PMCR[LP_REF_EN] is set to 1, memory refresh will be carried out even when
the MPC105 is in suspend mode.
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In this case, MCCRS8[SREN] will be used to determine whether the refresh is a self refresh
(MCCRS[SREN] set to 1) or a low-frequency refresh (MCCRS8[SREN] cleared to 0). Note
that if the memory system is configured for SDRAM, it will be treated as no refresh
required, and no low-frequency refresh is supported.

In suspend mode, all bidirectional and output signals (except the memory refresh-related
signals if RTC refresh is being used) will be at high impedance and all input signals
(including HRST), with the exception of the PLL configuration signals, will be ignored.

After the assertion of the SUSPEND signal, the system should not turn off the PLL and/or
the external clock source for at least 60 microseconds (two RTC clock periods). Before the
de-assertion of the SUSPEND signal, the system should allow sufficient time for the PLL
to stabilize.

A.2 MPC105 Power Management Support

The MPC105 provides hardware for the support of power management activities that is
accessible to software and external system-level power management controllers. The fully
static design allows internal logic states to be preserved during all power saving operations.
System software is expected to handle the majority of power management tasks through
access to the PMCR. The following sections provide a description of the power
management features and capabilities provided by the MPC105.

A.2.1 Power Management Configuration Register

The PMCR provides software access to the power management modes, enables, and
configurations for different processors. Refer to section 3.2.4, “Power Management
Configuration Register (PMCR),” for a detailed description of the PMCR.

A.2.2 Clock Configuration

In doze and nap modes, the PLL must be running and locked to SYSCLK in order to
provide clocks to the internal logic units that need to be awake, and to minimize the
transition time required in coming out of a power saving mode to the full-on mode. The
power mode transition occurs with the assumption that the PLL is locked with SYSCLK.
The electrical characteristics of the SYSCLK signal and the PLL configuration should
remain the same whether the MPC105 is in the full-on mode, or in doze or nap mode. In
sleep or suspend mode, the external PMC (if it exists) may disable the PLL and the
SYSCLK input for further power savings. However, it is the external PMC’s responsibility
to guarantee that there is sufficient relock time for the PLL of the MPC105 before MPC105
is awakened by any event. Doze and nap modes are intended to be used dynamically due
to their fast recovery time; sleep and suspend modes are intended for longer periods of
power savings with the PLL and SYSCLK off.
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A.2.3 PCIl Address Bus Decoding

PCI address bus decoding is enabled while the MPC105 is in the doze or nap mode. A PCI
transaction to system memory awakens the MPC105 from the doze or nap power saving
mode.

After servicing the PCI transaction, the MPC105 returns to the previous power saving
mode (doze or nap) if there are no additional PCI bus service requests. In systems using a
603, the L1 cache should be flushed prior to entering the nap mode. Systems designed using
the 601 or 604 are not required to flush their L1 caches prior to entering the nap mode.

A.2.4 PCI Bus Special-Cycle Operations

Before the MPC105 enters the nap or sleep mode, it will broadcast the “halt” or “shutdown”
message over the PCI bus by means of special bus cycle. See Section 7.4.6.2, “Special
Cycle,” for a description of PCI special-cycle operations.

In nap mode, if PMCR[NO_NAP_MSG] is cleared to 0, the MPC105 broadcasts the “halt”
message over the PCI bus. If PMCR[NO_NAP_MSG] is set to 1, the MPC105 does not
broadcast any message to the PCI bus.

In sleep mode, if PMCR[NO_SLEEP_MSG] is cleared to 0, the MPC105 broadcasts either
the “halt” or “shutdown” message over the PCI bus depending on whether
PMCR[SLEEP_MSG_TYPE] is cleared or set. If PMCR[NO_SLEEP_MSG] is set to 1,
the MPC105 does not broadcast any message to the PCI bus and the configuration of
PMCR[SLEEP_MSG_TYPE] is ignored.

A.2.5 Processor Bus Request Monitoring

In doze, nap, and sleep modes, the MPC105 monitors the BRO signal. When BRO is
asserted, (for example, due to the processor’s time base interrupt service routine), the
MPCI105 exits its power saving mode and returns to the full-on mode to service the request.

Additionally, in a multiprocessor system, BRT can be used to awaken the MPC105. In nap
or sleep mode, BR1 is treated as a wake up event if PMCR[BR1_WAKE] is set to 1. In doze
mode, it is unconditional, and does not depend upon the condition of the bit in
PMCR[BR1_WAKE].

A.2.6 Memory Refresh Operations in Sleep/Suspend Mode

In sleep or suspend mode, all functional units, including the system memory refresh logic,
will not be operating. The system memory contents can be maintained either by enabling
the memory’s self-refresh mode or by having the system software copy all the memory
contents to a hard disk before the MPC105 enters the sleep or suspend mode. However, if
the memory does not have self-refresh capability or the system software has not copied the
memory contents to the hard disk, the refresh logic of the MPC105 can continue to operate
even if in sleep or suspend mode. This is configured through PMCR[LP_REF_EN], which
when set to 1 allows the refresh logic to continue to perform refresh cycles for system
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memory when the MPC105 is in the sleep or suspend mode. If PMCR[LP_REF_EN] is
cleared to 0, memory refresh operations will cease when the MPC105 enters the sleep or
suspend mode. For additional detail on memory refresh operations, refer to Section 6.3.4.2,
“DRAM Refresh and Power Saving Modes,” and Section 6.4.5.2, “SDRAM Refresh and
Power Saving Modes.”

A.2.7 Device Drivers

Since operating systems service I/O requests by system calls to the device drivers, the
device drivers must be modified for power management. When a device driver is called to
reduce the power of a device, it needs to be able to check the power mode of the device,
save the device configuration parameters, and put the device into a power saving mode.
Furthermore, every time the device driver is called it needs to check the power status of the
device, and if the device is in a power saving mode, restore the device to the full-on mode.
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Appendix B
Bit and Byte Ordering

The MPC105 supports both little-endian and big-endian formatted data on the PCI bus.
This appendix provides examples of the little- and big-endian modes of operation.
PICRI[LE_MODE] controls the endian mode of the MPC105. LE_MODE is also
accessible from the external configuration register at 0x092.

When designing little-endian or bi-endian systems using the MPC105, system designers
and programmers must consider the following:

* The PCI bus uses a little-endian bit format (the most significant bit is 31), while the
60x bus uses a big-endian bit format (the most significant bit is 0). Thus, PCI address
bit AD31 equates to the 60x address bit AO, while PCI address bit ADO equates to
the 60x address bit A31.

* For data comprised of more than 1 byte, the endian mode affects the byte ordering.
For little-endian data, the least-significant byte is stored at the lowest (or starting)
address while the most-significant byte is stored at the highest (or ending) address.
For big-endian data, the most-significant byte is stored at the lowest (or starting)
address while the least-significant byte is stored at the highest (or ending) address.

* For 60x processors, the conversion to little-endian mode does not occur on the data
bus. The bus interface unit (BIU) of the 60x processor uses a technique called
munging to reverse the address order of every 8 bytes stored to memory. See Section
3.2, “Data Organization in Memory and Data Transfers” in PowerPC
Microprocessor Family: The Programming Environments (Motorola Order Number
MPCFPE/AD), for more information. External to the processor all the byte lanes
must be reversed (MSB to LSB, etc.) and the addresses must be unmunged. The
unmunging/byte lane reversing mechanism can either be between the processor and
system memory or between the PCI bus and system memory. The MPC105
unmunges the address and reverses the byte lanes between the PCI bus and system
memory.

B.1 Big-Endian Mode

When the 60x processor is running in big-endian mode, no address modification is
performed. The MPC105 reverses the byte lanes to PCI to make the PCI memory space and
PCI /O space appear big-endian.
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Figure B-1 shows a 4-byte write to PCI memory space in big-endian mode.

60x

0000 | A28-A31

\
0o 1 2 3 4 5 6 7 Bytelanes

DO|D1|D2| D3| xx | xx| xx| xx| 60x data bus

l

MPC105

Swaps byte lanes
Runs PCI memory transaction

During Address Phase
AD3-ADO| 0000 (AD1gADO = 0b00 for memory space access)

3 271 0 PClbyte lanes (C/BE3-C/BED asserted)

D3| D2|D1 |DO | PCI data bus (AD31-ADO during data phase)

I |
D3|{D2|D1|D0O| 0x00

0x08

PCl Memory Space

Figure B-1. Four-Byte Transfer to PCl Memory Space—Big-Endian Mode

Note that the most significant byte, DO, is placed on the least significant byte lane on the
PCI bus. This occurs so that DO appears at address Oxnnnn_nn00 and not at address
0xnnnn_nn03 in the PCI space.

B-2 MPC105 PCIB/MC User's Manual MOTOROLA



For example, starting with a program that wishes to do the following:
store string (“hello, world”) at 0x000
store pointer (OxXFEDCBA98) at 0x010
store halfword (041234) at O0x00E
store byte (0x55) at 0x00D
If the data is stored into system memory, it appears as shown in Figure B-2.

MSB LSB
AO0-7 A8-15 A16-23 A24-31 A32-39 A40-47 AA48-55 A56-63
0x000 ‘W’ ‘e’ €T T ‘0’ Y < ‘W
0x008 ‘o’ ‘r €T ‘o’
0x010 OxFE 0xDC 0xBA 0x98

Figure B-2. Big-Endian Memory Image in System Memory
Note that the stored data has big-endian ordering. The “h” is at address 0x000.

But, if the data is stored to the PCI memory space, the MPC105 sends the addresses out as
is, but the data is put on different byte lanes, but at the same byte address, as it goes out to
the PCI bus. The data appears in PCI memory space as shown in Figure B-3.

MSB LsB
AD(31-24) | AD(23-16) | AD(15-8) | AD(7-0)
T T ‘@ W 0x000
‘W o ‘o 0x004
‘o v v ‘o 0x008
34 12 0x55 0x00 0x00C
0x98 OxBA 0xDC OXFE 0x010

Figure B-3. Big-Endian Memory Image in Big-Endian PCl Memory Space

Note that the string “hello, world” starts at address 0x000. The other data are stored to the
desired locations with big-endian byte ordering.
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B.2 Little-Endian Mode

When the 60x processor is running in little-endian mode, its internal BIU performs a
modification on each address. This address modification is called munging. The 60x
munges the address by exclusive-ORing the three low-order address bits with a three-bit
value that depends on the length of the operand (1, 2, 4 or 8 bytes), as shown in Table B-1.

Table B-1. Address Modification for Individual Aligned Scalars

Dg;ael.;:g;h Address Modification
8 No change
4 XOR with 0b100
2 XOR with 0b110
1 XOR with Ob111

Note that these are the only legal data lengths supported by the 60x processor in little-
endian mode.

The munged address is used by the memory interface of the MPC105 to access system
memory. For PCI accesses, the MPC105 unmunges the address to its original value and the
byte lanes are reversed.

Starting with the same program as before:
store string (“hello, world”) at 0x000
store pointer (OXFEDCBA98) at 0x010
store halfword (0d41234) at 0x00E
store byte (0x55) at 0x00D

If the data is stored to system memory, the MPC105 stores the data to the 60x-munged
addresses as shown in Table B-4.

MSB LSB

A0-7 A8-15 A16-23 A24-31 A32-39 A40-47 A48-55 A56-63
0x000 ‘w ° Y ‘o’ T r ‘e’ ‘0
0x008 T r ‘o’
0x010 0xDC 0xBA 0x98

Figure B-4. Munged Memory Image in System Memory

Note how munging has changed the addresses of the data. The ‘h’ is now at address 0x007.
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If the data is stored to the PCI memory space, the MPC105 unmunges the addresses before
sending them out to the PCI bus. The data is stored to little-endian PCI memory space as
shown in Figure B-5.

MsB LsB
AD(31-24) | AD(23-16) | AD(15-8) | AD(7-0)
‘T ‘T ‘e’ ‘N 0x000
‘w v Y ‘o’ 0x004
‘d’ i) ‘r ‘o’ 0x008
12 34 0x55 0x00 0x00C
OxFE oxDC 0xBA 0x98 0x010

Figure B-5. Little-Endian Memory Image in Little-Endian PCI Memory Space

Note that the string “hello, world” starts at address 0x000. The other data are stored to the
desired locations with little-endian byte ordering.

Figure B-6 through Figure B-11 show the munging/unmunging process for transfers to the
PCI memory space and to the PCI I/O space.
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60x

A28-A31 0010
Munge Address
XOR with 111 “‘—J

0101 | A28-A31

0 1 2 3 4 5 6 7 Bytelanes

XX | xx | xx | xx [xx | D5 |xx |xx | 60xdatabus

l

MPC105

Unmunges address
Swaps byte lanes
Runs PCI memory transaction

During Address Phase
AD3-ADO| 0000 (AD1-ADO = 0b00 for memory space access)

3 2 1 0 PCl byte lanes (C/BE2 asserted)
xx | D5| xx | xx | PCl data bus (AD31-ADO during data phase)

—

D5 0x00
0x08

PCI Memory Space

Figure B-6. One-Byte Transfer to PCl Memory Space—Little Endian Mode
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60x

A28-A31 0010

Munge Address |
XOR with 110

0100 | A28-A31

o 1 2 3 4 5 6 7 Bytelanes

XX [ xx | xx | xx [D4|D5 | xx [xx | 60xdata bus

l

MPC105

Unmunges address
Swaps byte lanes
Runs PCI memory transaction

During Address Phase
AD3-ADO| 0000 (AD1-ADO = 0b0O for memory space access)

3 2 J 1 0 PCl byte lanes (C/BE3-C/BE2 asserted)
D4 | D5| xx | xx | PCl data bus (AD31-ADO during data phase)

—

D4 | D5 0x00
0x08

PCI Memory Space

Figure B-7. Two-Byte Transfer to PC| Memory Space—Little Endian Mode
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60x

A28-A31 0000

Munge Address I
XOR with 100

0100 | A28-A31

0 1 2 3 4 5 6 7 Bytelanes
XX | xx | xx | xx | D4 | D5 | D6 | D7 | 60x data bus

l

MPC105

Unmunges address
Swaps byte lanes
Runs PCI memory transaction

During Address Phase
AD3-ADO| 0000 (AD1-ADO = 0b00 for memory space access)

3 2 v 1 0 PCl byte lanes (C/BE3-C/BEO asserted)

D4 | D5|D6 |D7 | PCI data bus (AD31-ADO during data phase)

1

I I
D4 |D5 | D6|D7| 0x00

0x08

PCI Memory Space

Figure B-8. Four-Byte Transfer to PCl Memory Space—Little Endian Mode
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60x

A28-A31 0101
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Appendix C
JTAG/Testing Support

The MPC105 provides a joint test action group (JTAG) interface to facilitate boundary-scan
testing. The JTAG interface implements the five test port signals required to be fully
compliant with the IEEE 1149.1 specification. For additional information about JTAG
operations, refer to the IEEE 1149.1 boundary-scan specification.

C.1 JTAG Interface Description

The JTAG interface consists of a set of five signals, three JTAG registers, and a test access
port (TAP) controller, described in the following sections. A block diagram of the JTAG
interface is shown in Figure C-1.

MOL
1S4l

Figure C-1. JTAG Interface Block Diagram
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C.1.1 JTAG Signals

The MPC105 provides five dedicated JTAG signals; test data input (TDI), test mode select
(TMS), test reset (TRST), test clock (TCK), and test data output (TDO). The TDI and TDO
signals are used to input and output instructions and data to the JTAG scan registers. The
boundary-scan operations are controlled by the TAP controller through commands received
by means of the TMS signal. Boundary-scan data is latched by the TAP controller on the
rising edge of the TCK signal. The TRST signal is specified as optional by the IEEE 1149.1
specification, and is used to reset the TAP controller asynchronously. The assertion of the
TRST signal at power-on reset assures that the JTAG logic does not interfere with the
normal operation of the MPC105.

Section 2.2.6, “IEEE 1149.1 Interface Signals” provides additional detail about the
operation of these signals.

C.1.2 JTAG Registers and Scan Chains

The bypass, boundary-scan, and instruction JTAG registers and their associated scan chains
are implemented by the MPC105. These registers are mandatory for compliance with the
IEEE 1149.1 specification.

C.1.2.1 Bypass Register

The bypass register is a single-stage register used to bypass the boundary-scan latches of
the MPC105 during board-level boundary-scan operations involving components other
than the MPC105. The use of the bypass register reduces the total scan string size of the
boundary-scan test.

C.1.2.2 Boundary-Scan Registers

The JTAG interface provides a chain of registers dedicated to boundary-scan operations. To
be JTAG-compliant, these registers cannot be shared with any functional registers of the
MPC105. The boundary-scan register chain includes registers controlling the direction of
the input/output drivers, in addition to the registers reflecting the signal value received or
driven.

The boundary-scan registers capture the input or output state of the MPC105’s signals
during a Capture_DR TAP controller state. When a data scan is initiated following the
Capture_DR state, the sampled values are shifted out through the TDO output while new
boundary-scan register values are shifted in through the TDI input. At the end of the data
scan operation, the boundary-scan registers are updated with the new values during an
Update_DR TAP controller state.

Note that the LSSD_MODE signal (used for factory testing) is not included in the
boundary-scan register chain.
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C.1.2.3 Instruction Register

The 8-bit JTAG instruction register serves as an instruction and status register. As TAP
controller instructions are scanned in through the TDI input, the TAP controller status bits
are scanned out through the TDO output.

C.1.3 TAP Controller

The MPC105 provides a standard JTAG TAP controller that controls instruction and data
scan operations. The TMS signal controls the state transitions of the TAP controller.
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Appendix D
Initialization Example

This appendix contains PowerPC assembly language initialization code for the MPC105-
based Big Bend system. Big Bend is an example PowerPC reference platform-compliant
system design that can be used in designing systems using PowerPC microprocessors. For
information on the Big Bend evaluation system, contact your Motorola sales office.

;# standard definitions

;# MPC105 Registers

#define EAGLE_REG 0x8000
#define VEND_ID_REG 0x0000
#define DEV_ID REG 0x0002
#define PCI_CMD 0x0004
#define PCI_STAT 0x0006
#define MEM_STA 03 0x0080
#define MEM_STA_47 0x0084

#define EXT _MEM STA_03 0x0088
#define EXT MEM STA 47 0x008c
#define MEM_END_03 0x0090
#define MEM_END_47 0x0094
#define EXT MEM_END_ 03 0x0098
#define EXT MEM END_ 47 0x009¢c

#define MEM_BANK_EN 0x00a0
#define PROC_CFG_A8 0x00a8
#define PROC_CFG_AC 0x00aC
#define ALT OSV_1 0x00ba
#define ALT_OSV_2 0x00bb
#define ERR_EN_REG1 0x00c0
#define MEM_ERRD_REG 0x00cl
#define CPU_BES_REG 0x00c3
#define ERR_EN_REG2 0x00c4
#define ERR_DET REG2 0x00c5
#define PCI_BES_REG 0x00c7
#define MEM CFG_1 0x00£0

#define MEM_CFG_2 0x00£4

#define MEM CFG_3 0x00£8

#define MEM CFG_4 0x00fc
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;# TCPCI Memory

#define BANKO_START ADDR 0x00000000
#define BANK1_START ADDR 0x00800000
#define BANK2_START ADDR 0x01000000
#define BANK3_START ADDR 0x01800000
#define BANK4_START ADDR 0x02000000
#define BANKS_START ADDR 0x02800000
#define BANK6_START ADDR 0x03000000
#define BANK7_START _ADDR 0x03800000
#define BOOTROM_START ADDR Oxffe00000
#define PCIMEM START ADDR Oxc0000000

-toc
T..main:
.tc ..main{tc], main(ds]
.globl main[ds]
.csect main[ds]
.long .main[pr], TOC[tcO0], O
.globl .main[pr]
.csect .main[pr]
.align 4
¥
; # Register usage:
33
;# r0 is continually loaded with masking patterns
;# rl = Ox 8000 O0cf8 CONFIG_ADDRESS
;# r2 = 0x 8000 Ocfc CONFIG_DATA
;# r3 is used to define which register number is to be stored at CONFIG_ADDRESS
;# rd4 is used for loading and storing data to/from CONFIG_DATA
T #

.main:
lis r0, EAGLE_REG # r0 = Ox 8000 0000 BASE_ADDRESS
ori rl, r0, 0xOcf8 # rl = Ox 8000 0cf8 CONFIG_ADDRESS
ori r2, r0, 0xOcfc # r2 = 0x 8000 Ocfc CONFIG_DATA

i #

B I s e e A St e e T e e s st st A R e e e
# This small section of code speeds up accesses to the Boot ROM, but

# 1is written SPECIFICALLY FOR THE MDC2. This section of code is

# duplicated at the beginning of the initmdc2 routine found below.

;# When the MDC Boot ROM isn't really Fast SRAM, this section must

# be removed.

#

lis r3, EAGLE_REG # start building new register number
ori r3, r3, MEM CFG_1l # register number 0xf0
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
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lwbrx r4, 0, r2 # load r4 from CONFIG_DATA

lis r0, 0x0016 # REDUCE WAIT STATES FOR ROM ACCESSES
ori r0, r0, 0x5555 # (contains no reserved bits)

and r4, r4, r0 # clears the desired bits

or r4, r4, r0 # sets the desired bits

stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA

;# End of Boot ROM speed-up specific to the MDC2

B I e e e e st o ST e A
P#

;# This section of code initializes the MPC105's PCI Interface Registers

i#

initpci:
isync
i #
lis r3, EAGLE_REG # start building new register number
ori r3, r3, PCI_CMD # register number 0x0004
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
lhbrx r4, 0, r2 # load r4 from CONFIG_DATA
lis r0, 0x0000 #
ori r0, r0, 0x0106 #
or r4, r4, r0 # sets the desired bits
sthbrx r4, 0, r2 # write the modified data to CONFIG_DATA
i#
lis r3, EAGLE_REG # start building new register number
ori r3, r3, PCI_STAT # register number 0x0006
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
1i r3, 0x0002
lhbrx r4, r3, r2 # load r4 from CONFIG_DATA
ori r4, r4, Oxffff # Writing all ones will clear all bits in PCI_STAT
sthbrx r4, r3, r2 # write the modified data to CONFIG_DATA
i#
i #==
i#

;# This section of code initializes the MPC105's Processor Interface Registers

;# for use with the PDCl (single 603 and 256 kB of Async L2) at 60 - 66 MHz.

i#

;# Note that the PROC_CFG_AC register is initialized BEFORE the PROC_CFG_AS8 register.

initproc:

isync
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lis
ori
stwbrx

1wbrx
lis
ori
and
lis
ori

or
stwbrx

r3,
r3,
r3,

r4,
x0,
x0,
r4,
r0,
ro,
r4,
r4,

EAGLE_REG

# start building new register number

r3, PROC_CFG_AC # register number Oxac

0, rl

0, r2
Oxae9e
r0, OxedOe
r4, r0
0x829e
r0, 0x650e
r4, r0
0, r2

# write this value to CONFIG_ADDR

load r4 from CONFIG_DATA
Reserved bits are 29, 27, 26, 15, and 11

clears the desired bits

sets the desired bits
write Ox a29e 650e to CONFIG_DATA

;# These next five lines are necessary if you later want to turn on the L2 cache

bit 31 is MSb, bit 0 is LSb (see page 230 and 231)

1wbrx r4, 0, r2
lis r0, 0x4000 # Now that we've written to the 0x ac register,
ori r0, r0, 0x0000 # keep pattern the same, but set the L2_EN bit (see next reg)
or r4, r4, x0 # by setting bit 30 toa 1
stwbrx r4, 0, r2 # write Ox c29e 650e to CONFIG_DATA
i#
lis r3, EAGLE_REG # start building new register number
ori r3, r3, PROC_CFG_AS8 # register number 0xa8
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
1wbrx r4, 0, r2 # load r4 from CONFIG_DATA
lis r0, O0xf£f75 # bits 14 and 8 are the only two reserved bits
ori r0, r0, 0x479%a # bit 31 is MSb, bit 0 is LSb
and r4, r4, r0 # clears the desired bits
lis r0, Oxff75 #
ori r0, r0, 0x0698 # LEAVE THE L2 CACHE OFF (CF_L2_MP = 00 for Uniprocessor)
;# ori r0, r0, 0x069%a # TURN ON THE L2 CACHE (CF_L2_MP = 10 for Write-Back)
or r4, r4, r0 # sets the desired bits
stwbrx r4, 0, r2 # write Ox f£f75 06%9a to CONFIG_DATA
i #
lis r3, EAGLE_REG # start building new register number
ori r3, r3, ALT OSV_1 # register number Oxba
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
1lbz r4, 2(r2) # load r4 from CONFIG_DATA
lis r0, 0x0000 #
ori r0, r0, 0x0026 # see description of Alt OS Visible Param Reg 1
or r4, r4, ro0 # sets the desired bits
stb r4, 2(r2) # write the modified data to CONFIG_DATA
i#
lis r3, EAGLE_REG # start building new register number
ori r3, r3, ALT _OSV_2 # register number Oxbb
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
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1bz
lis
ori
or

stb

rd, 3(r2)
r0, 0x0000
r0, r0, 0x0000
r4, r4, r0
r4, 3(r2)

**= I W= I I

;# reading error handling registers

load r4 from CONFIG_DATA

see description of Alt OS Visible Param Reg 2
sets the desired bits
write the modified data to CONFIG_DATA

i # lis r3, EAGLE_REG # start building new register number

i # ori r3, r3, ERR_EN REGl # register number 0xcO

i # stwbrx r3, 0, rl # write this value to CONFIG_ADDR

; 1bz r4, 0(r2) # load r4 from CONFIG_DATA

;#  lis r0, 0x0000 #

i# ori r0, r0, 0x0040 # see description of ErrEnR1

i# or r4, r4, rx0 # sets the desired bits

;# stb r4, 0(r2) # write the modified data to CONFIG_DATA
i#

i # lis r3, EAGLE_REG # start building new register number
33 ori r3, r3, MEM_ERRD_REG # register number Oxcl

i stwbrx r3, 0, rl # write this value to CONFIG_ADDR

¥ 1bz rd, 1(x2) # load r4 from CONFIG_DATA

i#  lis r0, 0x0000 #

# ori r0, r0, 0x0000 # see description of ErrDR1

;# or r4, r4, r0 # sets the desired bits

;# stb rd, 1(r2) # write the modified data to CONFIG_DATA
; lis r3, EAGLE_REG # start building new register number
i# ori r3, r3, CPU_BES_REG # register number Oxc3

i# stwbrx r3, 0, rl # write this value to CONFIG_ADDR

i# 1bz r4, 3(r2) # load r4 from CONFIG_DATA

#  lis r0, 0x0000 #

;¥ ori r0, r0, 0x0000 # see description of 60x Bus Error Status Reg
i# or r4, r4, r0 # sets the desired bits

;# stb rd, 3(r2) # write the modified data to CONFIG_DATA
i#

i# lis r3, EAGLE_REG # start building new register number

i # ori r3, r3, ERR_EN REG2 # register number Oxc4

i# stwbrx r3, 0, rl # write this value to CONFIG_ADDR

i# 1bz r4, 0(r2) # load r4 from CONFIG_DATA

H lis r0, 0x0000 #

i ori r0, r0, 0x0000 # see description of ErrEnR2

H or r4, r4, r0 # sets the desired bits

i# stb r4, 0(r2) # write the modified data to CONFIG_DATA
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#
i # lis r3, EAGLE_REG # start building new register number
¥ ori r3, r3, ERR_DET REG2 # register number 0xc5
i # stwbrx r3, 0, rl # write this value to CONFIG_ADDR
i # 1bz r4, 1(r2) # load r4 from CONFIG_DATA
;# lis r0, 0x0000 #
;#  ori r0, r0, 0x0000 # see description of ErrDR2
;#  or rd, r4, x0 # sets the desired bits
;#  stb rd4, 1(r2) # write the modified data to CONFIG_DATA
i#
c# lis r3, EAGLE_REG # start building new register number
i # ori r3, r3, PCI_BES_REG # register number 0xc7
i# stwbrx r3, 0, rl # write this value to CONFIG_ADDR
i# 1bz rd4, 3(r2) # load r4 from CONFIG_DATA
;# lis r0, 0x0000 #
;#  ori r0, r0, 0x0000 # see description of PCI Bus Error Status Reg
i#  or r4, r4, r0 # sets the desired bits
i# stb r4, 3(x2) # write the modified data to CONFIG_DATA
o #
i#
;# This section of code initializes the MPC105's memory configuration registers
;# for use with the MDC2 (64 MB DRAM and 2 MB SRAM BOOtROM) at 60 - 66 MHz.
i #
initmdc2:
isync
i #
lis r3, EAGLE_REG # start building new register number
ori r3, r3, MEM CFG_1 # register number O0xf0
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
¥
lwbrx r4, 0, r2 # load r4 from CONFIG_DATA .
lis r0, 0x0016 # REDUCE WAIT STATES FOR ROM ACCESSES
ori r0, r0, 0x5555 # (contains no reserved bits)
and r4, r4, r0 # clears the desired bits
or r4, r4, r0 # sets the desired bits
stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
¥
lis r3, EAGLE_REG # start building new register number
ori r3, r3, MEM CFG_2 # register number 0xf4
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
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1wbrx r4, 0, r2 # load r4 from CONFIG_DATA

lis r0, 0x0000 # Self-Refresh value (not used for MDC2 or MDC3)
ori r0, r0, 0x0c35 # 0x30d (decimal 781) clocks between refresh,
BUF=E/E

;# 781 clocks for 50 MHz, 1041 for 66.6 MHz

and r4, r4, r0 # clears the desired bits
or rd, rd4, r0 # sets the desired bits
stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
i#
lis r3, EAGLE_REG # start building new register number
ori r3, r3, MEM CFG_3 # register number 0xf8
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
1wbrx r4, 0, r2 # load r4 from CONFIG_DATA
lis r0, 0x0002 # RAS6P=0101, CAS5=010, CP4=001,
ori r0, r0, 0xa294 # CAS3= 010, RCD2=010, RP1=100
and r4, r4, r0 # clears the desired bits
or r4, r4, xr0 # sets the desired bits
stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
i#
;# For MDC2, 64MB total of DRAM
i#
;# BankO0 = Ox 0000 0000 - Ox 007f ffff
;# Bankl = Ox 0080 0000 - Ox OOff ffff
;# Bank2 = Ox 0100 0000 - Ox 017f ffff
;# Bank3 = Ox 0180 0000 - Ox O1lff ffff
;# Bank4 = Ox 0200 0000 - Ox 027f ffff
;# Bank5 = Ox 0280 0000 - Ox O2ff ffff
;# Bank6 = Ox 0300 0000 - Ox 037f ffff
;# Bank7 = Ox 0380 0000 - Ox O3ff ffff
i #
lis r3, EAGLE_REG # start building new register number
ori r3, r3, MEM_STA_03 # register number 0x80
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
lis r4, 0x1810 # Each bank on MDC2 is 8MB
ori r4, r4, 0x0800 # (no reserved bits)
stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
¥
lis r3, EAGLE_REG # start building new register number
ori r3, r3, MEM_STA 47 # register number 0x84
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
lis r4, 0x3830 # Each bank on MDC2 is 8MB
ori r4, r4, 0x2820 # (no reserved bits)
stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
i
lis r3, EAGLE_REG # start building new register number
ori r3, r3, EXT_MEM_STA_03 # register number 0x88
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
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1wbrx r4, 0, xr2 # load r4 from CONFIG_DATA

lis r0, Oxfcfc # Each bank on MDC2 is 8MB

ori r0, r0, Oxfcfc #

and r4, r4, ro0 # clears all non-reserved bits

stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
i# )

lis r3, EAGLE_REG # start building new register number

ori r3, r3, EXT_MEM_STA 47 # register number 0x8c

stwbrx r3, 0, rl # write this value to CONFIG_ADDR

lwbrx r4, 0, r2 # load r4 from CONFIG_DATA

lis r0, Oxfcfc # Each bank on MDC2 is 8MB

ori r0, xr0, Oxfcfc #

and r4, r4, r0 # clears all non-reserved bits

stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
s #

lis r3, EAGLE_REG # start building new register number

ori r3, r3, MEM END_03 # register number 0x90

stwbrx r3, 0, rl # write this value to CONFIG_ADDR

lis r4, O0x1f17 # Each bank on MDC2 is 8MB

ori r4, r4, 0x0f07 # (no reserved bits)

stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
i #

lis r3, EAGLE_REG # start building new register number

ori r3, r3, MEM _END_47 # register number 0x94

stwbrx r3, 0, rl # write this value to CONFIG_ADDR

lis r4, O0x3f37 # Each bank on MDC2 is 8MB

ori r4, r4, 0x2£27 # (no reserved bits)

stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
¥

lis r3, EAGLE_REG # start building new register number

ori r3, r3, EXT MEM END_03 # register number 0x98

stwbrx r3, 0, rl # write this value to CONFIG_ADDR

lwbrx r4, 0, r2 # load r4 from CONFIG_DATA

lis r0, Oxfcfc # Each bank on MDC2 is 8MB

ori r0, xr0, Oxfcfc #

and r4, r4, ro0 # clears all non-reserved bits

stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
¥

lis r3, EAGLE_REG # start building new register number

ori r3, r3, EXT_MEM END 47 # register number O0x9¢c

stwbrx r3, 0, rl # write this value to CONFIG_ADDR

1wbrx r4, 0, r2 # load r4 from CONFIG_DATA

lis r0, Oxfcfc # Each bank on MDC2 is 8MB

ori r0, r0, Oxfcfc #

and r4, r4, r0 # clears all non-reserved bits

stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
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lis r3, EAGLE_REG # start building new register number
ori r3, r3, MEM BANK _EN # register number Oxa0
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
lis r4, 0x0000 # ENABLE ALL 8 BANKS OF DRAM
ori r4, r4, Ox00ff # (no reserved bits)
stb r4, 0(r2) # write the modified data to CONFIG_DATA
i #
;# DRAM SHOULD NOW BE CONFIGURED AND ENABLED - MUST WAIT 100 us BEFORE ACCESSING
i #
1i r0, 0x1800 # decimal 6144
mtctr ro
waitl00us:
bdnz waitl00us
i #
lis r3, EAGLE REG # start building new register number
ori r3, r3, MEM CFG_1 # register number 0xf0
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
lwbrx r4, 0, r2 # load r4 from CONFIG_DATA
lis r0, 0x0008 # MEMGO=1
ori r0, r0, 0x0000
or r4, r4, x0 # set the MEMGO bit
stwbrx r4, 0, r2 # write the modified data to CONFIG_DATA
i#
1i r0, 0x2000 # approx decimal 8000
mtetr r0
wait8ref:
bdnz wait8ref
i#
;# DRAM ON MDC2 IS NOW AVAILABLE FOR USE - ASSERT DRAMINIT FLAG IN TCSRO REGISTER
i#
lis r3, TCPCI_REGS #
ori r3, r3, PH_REG # r3 = 0x 8000 505c for PortHole
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
1i r3, 0x0002 # 2-byte write to PH_REG+2 to assert DRAMINIT
sthbrx r4, r3, r2 # write the CONFIG_DATA
i #
i#
;# To turn on the L2 cache ; uncomment the desired mode below
3
lis r3, EAGLE_REG # start building new register number
ori r3, r3, PROC_CFG_A8 # register number 0xa8
stwbrx r3, 0, rl # write this value to CONFIG_ADDR
lwbrx r4, 0, r2 # load r4 from CONFIG_DATA
i# ori r4, r4, 0x0001 # set bit 0 for write-through L2
i# stwbrx rd, 0, r2 # write Ox f£75 0699 to CONFIG_DATA
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ori r4, r4, 0x0002 # set bit 1 for write-back L2

stwbrx r4, 0, r2 # write Ox f£75 069a to CONFIG_DATA
G #
i #
;# remove this infinite branch after pasting into your code !!
EndLoop:
b EndLoop
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Glossary of Terms and Abbreviations

The glossary contains an alphabetical list of terms, phrases, and abbreviations used in this
book.

A Atomic. A bus access that attempts to be part of a read-write operation to the
same address uninterrupted by any other access to that address (the
term refers to the fact that the transactions are indivisible). The 60x
processor initiates the read and write separately, but signals the
memory system that it is attempting an atomic operation. If the
operation fails, status is kept so that the 60x can try again. The 60x
implements atomic accesses through the Iwarx/stwex. instruction
pair, which asserts the TTO signal.

B Beat. A single state on the 60x interface that may extend across multiple bus
cycles. A 60x transaction can be composed of multiple address or
data beats.

Big-endian. A byte-ordering method in memory where the address n of a
word corresponds to the most significant byte. In an addressed
memory word, the bytes are ordered (left to right) 0, 1, 2, 3, with 0
being the most significant byte.

Buffer. A temporary storage mechanism for queuing data.

Burst. A multiple beat data transfer whose total size is typically equal to a
cache line (32-bytes).

Bus clock. Clock that synchronizes the bus state transitions.

Bus master. The owner of the address or data bus; the device that initiates or
requests the transaction.

C Cache. High-speed memory containing recently accessed data and/or
instructions (subset of main memory).
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Cache coherency. Caches are coherent if a processor performing a read from
its cache is supplied with data corresponding to the most recent value
written to memory or to another processor’s cache.

Cast-outs. Cache line that must be written to memory when a snoop miss
causes the least recently used cache line with modified data to be
replaced.

Copy-back operation. A cache operation in which a cache line is copied
back to memory to enforce cache coherency. Copy-back operations
consist of snoop push-out operations and cache cast-out operations.

Disconnect.The termination of a PCI cycle initiated by the target because it
is unable to respond within eight PCI clock cycles.

Exception. An unusual or error condition encountered by the processor that
results in special processing.

Exception handler. A software routine that executes when an exception
occurs. Normally, the exception handler corrects the condition that
caused the exception, or performs some other meaningful task (such
as aborting the program that caused the exception). The addresses of
the exception handlers are defined by a two-word exception vector
that is branched to automatically when an exception occurs.

Exclusive state. A cache state in which only one caching device contains
data that is also in system memory.

Flush. An operation that causes a modified cache line to be invalidated and
the data to be written to memory.

General-purpose register. Any of the 32 registers in the 60x register file.
These registers provide the source operands and destination results
for all 60x data manipulation instructions. Load instructions move
data from memory to registers, and store instructions move data from
registers to memory.

Interrupt. An external signal that causes the 60x to suspend current
execution and take a predefined exception.

Invalid state. A cache state that indicates that the cache line does not contain
valid data.
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Kill. An operation that causes a cache line to be invalidated.

Latency. The number of clock cycles necessary to execute an instruction and
make ready the results of that instruction.

Little-endian. A byte-ordering method in memory where the address n of a
word corresponds to the least significant byte. In an addressed
memory word, the bytes are ordered (left to right) 3, 2, 1, 0, with 3
being the most significant byte.

Livelock. A state in which processors interact in a way such that no processor
makes progress.

Memory-mapped accesses. Accesses whose addresses use the segmented or
block address translation mechanisms provided by the 60x memory
management unit (MMU) and that occur externally with the bus
protocol defined for memory.

Memory coherency. Refers to memory agreement between caches and
system memory (for example, MESI cache coherency, in which there
are four cache states— modified, exclusive, shared, and invalid).

Memory consistency. Refers to levels of memory with respect to a single
processor and system memory (for example, primary cache,
secondary cache, and system memory).

Memory management unit. The functional unit in the 60x that translates the
logical address bits to physical address bits.

Modified state. A cache state in which one, and only one, caching device has
the valid data for that address. The data at this address in external
memory is not valid.

Munging. A technique used to alter the byte-ordering of data by modifying
its address; commonly used when translating between big-endian
and little-endian data formats.

No-op. No-operation. A single-cycle operation that does not affect registers
or generate bus activity.

Page. A 4-Kbyte area of memory, aligned on a 4-Kbyte boundary.
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Park. The act of allowing a bus master to maintain mastership of the bus
without having to arbitrate.

PCI (peripheral component interconnect).A computer bus standard,
managed by an industry consortium called the PCI SIG (Special
Interest Group), that uses a 32- or 64-bit multiplexed address/data
bus and provides the interconnect mechanism between peripheral
components.

Pipelining. A technique that breaks instruction execution into distinct steps
so that multiple steps can be performed at the same time.

Primary (L1) cache.The cache resource that is most readily available to a
processor (for example, the internal cache of a 60x processor). See
also secondary (L2) cache.

Retry.Resending the current address or data beat until it can be accepted.

Refresh.Periodic charging a device that cannot hold its content. Dynamic
RAM (DRAM) devices require refresh cycles every few
milliseconds to preserve their charged bit patterns.

Scan interface. The 60x’s test interface.

Secondary (L2) cache.The cache resource that is next-to-the-most readily
available to a processor, the primary (or L1) cache being the most
readily available. This cache is typically larger, offers slower access
time than a primary cache, and may be accessed by multiple devices.
The use of a secondary cache improves performance by reducing the
number of bus accesses to external main memory.

Shared state. A cache state that indicates that more than one caching device
contains unmodified data that is also in system memory.

Slave. The device addressed by a master device. The slave is identified in the
address tenure/phase and is responsible for supplying or latching the
requested data for the master during the data tenure/phase.

Snooping. Monitoring addresses driven by a bus master to detect the need for
coherency actions.

Snoop push. Write-backs due to a snoop hit. The cache line will transition to
an invalid or exclusive state.

Split-transaction. A transaction with independent request and response
tenures.
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Split-transaction Bus. A bus that allows address and data transactions from
different processors to occur independently.

Tenure. The period of bus mastership. For the 60x, there can be separate
address bus tenures and data bus tenures. A tenure consists of three
phases: arbitration, transfer, termination

Timeout. A transaction termination due to exceeding a latency limit. A
transaction is not necessarily concluded when a timeout occurs.

Transaction. A complete exchange between two bus devices. A transaction
is minimally comprised of an address tenure/phase; one or more data
tenures/phases may be involved in the exchange. There are two kinds
of transactions: address/data and address-only.

Transfer termination. Signal that refers to both signals that acknowledge
the transfer of individual beats (of both single-beat transfer and
individual beats of a burst transfer) and to signals that mark the end
of the tenure/phase.

Write-back.A memory update policy in which processor write cycles are
only required to be written to the cache. The data in the cache does
not necessarily stay consistent with that same location’s data in
memory. The data in the cache is copied to memory when a copy-
back operation is required.

Write-through. A memory update policy in which all processor write cycles
are written to both the cache and memory.
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60x address bus see address bus, 60x
60x data bus see data bus, 60x
60x processor interface see processor interface
60x processors
byte ordering, 60x bus, B-1
configuring power management, 3-18
PCI buffer, 8-3
processor bus interface support, 4-1
system memory buffer, 8-2

A

AO0-A31 signals, 2-5
AACK signal, 2-7, 4-17
Accessing configuration registers, 3-9, 3-11
AD31-ADO signals, 2-23, 7-7
Address bus, 60x
address tenure, 4-5
address tenure timing configuration, 4-18
arbitration signals, 4-6
arbitration with dual processors, 4-8
bus arbitration, 4-7
CF_APARK bit, 4-7
L2 cache address operations, 5-4
snoop operation, 4-17
transfer attribute signals, 4-9
transfer termination, 4-17
Address maps
address map A, overview, 3-1
address map B, overview, 3-7
addressing on PCI bus, 7-6
contiguous map of map A, 3-3
discontiguous map of map A, 3-4
map B, alternate view, 3-7
PCI I/O map of map A, 3-5
PCI memory map of map A, 3-6
ADS/DALE signal, 2-12, 5-32
Aligned data transfer, 4-13, 4-15
Alternate bus master, usage, 4-1
Alternate OS-visible parameters registers, 3-50
Arbitration
60x address bus arbitration, 4-7

60x address bus arbitration with dual processors,

4-8
60x address tenure, 4-5
60x arbitration signals, 4-6
60x data bus, 4-19

INDEX

60x data tenure, 4-5
PCI bus arbitration, 7-3
ARTRY signal, 2-8, 4-17

BAA/BAI signal, 2-13
back-to-back transactions, PCI bus, 7-12
Bank-activate command, SDRAM, 6-26
BCTLO-BCTLI1 signals, 2-22, 6-2-6-5
BGO signal, 2-3, 4-6
Big-endian mode
accessing configuration register, 3-11
byte ordering, B-1
LE_MODE bit, 3-44
boundary-scan registers, C-2
BRO, BR1 signals, 2-3, 4-6
Buffers, memory
determine buffer configuration, 6-3
flow-through buffers, 6-3
implementing data buffers, 6-2
internal buffers, 8-1
latch-type buffers, 6-4

parameter settings for configurations, 6-3

registered buffers, 6-4

Burst data transfers
60x 32-bit data bus, 4-13
60x 64-bit data bus, 4-12

Burst operations
32-bit data path, 6-18
64-bit data path, 6-18
burst-of-four read timing, 6-13, 6-14
burst-of-four write timing, 6-16
data bus transfer, 4-19
PCI bus transfer, 7-4
SDRAM-based systems, 6-30

Bus interface unit (BIU), B-1

Bus operations
60x address tenure operations, 4-7
60x data tenure operations, 4-19
L2 cache response, 5-6
PCI bus transactions, 7-9
processor bus protocol, 4-5

Byte alignment, PCI, 7-8
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Byte ordering
60x bus, B-1
big-endian mode, B-1
little-endian mode, B-4
PCI bus, 7-2, B-1

(o]

C/BE3-C/BEQO signals, 2-23, 7-8, 7-20
Cache line toggle, PCI, 7-7
CAS/DQMO-CAS/DQMT signals, 2-18, 6-7, 6-22
Cl signal, 2-10
CKO0/DWES3 (test clock) signal, 2-30, 5-5
CKE/DWET signals, 2-13, 2-21, 5-5
Clock configuration
power management support, A-6
Commands
PCI commands
interrupt-acknowledge, 7-18
special-cycle command, 7-19
SDRAM command encodings, 6-27
SDRAM interface
JEDEC standard SDRAM commands, 6-26
mode-set command, 6-30
Completion, PCI transaction, 7-11
Configuration cycles, PCI
CONFIG_ADDR register, 7-16
CONFIG_DATA register, 7-16
configuration space header, 7-13
type O and 1 accesses, 7-15
Configuration header, PCI, 3-15, 7-14
Configuration registers, MPC105
60x bus error status register, 3-26
60x/PCI error address register, 3-27
accessing configuration registers, 3-9
alternate OS-visible parameters registers, 3-50
error detection registers, 3-23
error enabling registers, 3-21, 3-23
error status registers, 3-25
external configuration registers, 3-51
L2 cache configuration, 5-16
memory bank enable register, 3-32, 6-9
memory boundary register, 3-27, 6-9
memory  control  configuration  registers
(MCCRes), 3-33
PCI bus error status register, 3-26
PCI command register, 3-16
PClI status register, 3-17
power management register (PMCR), 3-18, A-1
processor interface configuration registers
(PICRs), 3-41
summary, 3-12
Configuration signals, MPC105, 2-33

D

Data bus, 60x
address tenure timing configuration, 4-20
arbitration signals, 4-6
bus arbitration, 4-19
bus transaction errors, 4-21
data tenure, 4-5
data transfer, 4-19
shared data bus, 8-2
termination by TEA, 4-20
Data RAM write enable signals, L2 interface, 2-13,
5-5
Data transfers, 60x
alignment, 4-13
burst ordering, 4-12
effect of alignment, 4-15
effect of misalignment, 4-17
DBGO signal, 2-8, 4-6
Device drivers
modifying for power management, A-8
DEVSEL signal, 2-26, 7-7
DHO-DH31, DLO-DL31 signals, 2-9
DIRTY_IN/BRI signal, 1-5, 2-15, 2-17, 4-7
DIRTY_OUT/BGI signal, 1-5, 2-16, 2-17
DLO (60x data bus width) signal, 2-33
DOE signal, L2 interface
CF_DOE, 3-49, 5-18
description, 2-13
Doze mode, 1-7, A-3
DRAM interface operation
16-Mbyte DRAM system, example, 6-6
estimated memory latency, 6-18
interface timing, 6-10
memory configurations supported, 6-8
programmable parameters, 3-27, 6-9
refresh during power saving modes, 6-20
refresh, DRAM, 6-18
suggested DRAM timing configurations, 6-10

E

Error detection registers, 3-23, 7-20
Error handling registers, 3-21, 7-20
Error reporting

error detection registers (ErrDR1 and ErrDR2),

9-4

PCI bus, 7-20

PERR and SERR signals, 7-21

TEA and MCP signals, 4-20, 9-1
Error status registers, 3-25, 7-20
Exclusive access, PCI, 7-3
External configuration registers, 3-51
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Flash ROM interface
burst read timing, 6-40
half-word read timing, 6-39
overview, 6-37
single-byte read timing, 6-39
writing to Flash ROM, 6-40
FLSHREQ (flush request) signal, 2-29, 7-21
FNR/DWEOQ (flash/nonvolatile ROM) signal, 2-33,
5-5
FOE/RCSI signal, 2-22, 6-37
FRAME signal, 2-25, 7-4
Full-on mode
default mode of MPC105, A-3
overview, 1-7

G
GBL signal, 2-10
GNT (PCI bus grant) signal, 2-27, 7-3

= o

Hard reset (HRST), 2-30, 9-2, A-2
HIT signal, 2-14, 5-4

IEEE 1149.1 interface signals, 2-31, C-2
IEEE 1149.1 specification compliance, C-2
Initialization
DRAM power-on initialization, 6-9
initialization code for Big Bend, D-1
L2 cache initialization, 5-3
Interface
60x processor interface
address tenure operations, 4-7
data tenure operations, 4-19
error detection, 9-5
features, 1-2
overview, 1-4, 4-1
processor bus configuration, 4-1
processor bus protocol, 4-5
signals, 2-3
L2 interface
description, 1-4
features, 1-3
L2 cache configuration registers, 5-16
L2 cache interface operation, S-1
L2 cache interface timing examples, 5-23
L2 cache response to bus operations, 5-6
signals, 2-12

memory interface

DRAM interface operation, 6-6

error detection, 9-5

features, 1-3

Flash ROM interface operation, 6-37

overview, 1-5, 6-1

ROM interface operation, 6-34

SDRAM interface operation, 6-22

signal buffering, 6-2

signals, 2-18

PCI bus interface

configuration cycles, 7-13

error detection and reporting, 7-20, 9-6

features, 1-3

overview, 1-5, 7-1

PCI bus protocol, 7-3

PCI bus transactions, 7-9

PCI error transactions, 7-20

signals, 2-23
Interrupt priorities, 9-2
Interrupt, clock, power management signals, 2-29
IRDY (initializer ready) signal, 2-25, 7-4
ISA_MASTER signal, 2-29, 7-21

J
JTAG interface
block diagram of JTAG interface, C-1
JTAG registers, C-2
JTAG signals, 2-31, C-2
TAP controller, C-3
L

L2 interface
address operations, 5-4
asynchronous SRAM interface, 5-5
CF_DOE timing configuration, 5-19
CF_L2_HIT_DELAY timing configuration, 5-18
CF_WDATA timing configuration, 5-19
CF_WMODE timing configuration, 5-20
configuration registers, 5-16
description, 1-4
features, 1-3
initialization of L2 cache, 5-3
response to bus operations, 5-6
signals, 2-12
tag RAM and data RAM addressing, 5-4
timing configuration, 5-17
timing diagrams
L2 cache burst read, 5-32
L2 cache burst read line update, 5-34
L2 cache burst write, 5-36
L2 cache hit following PCI read snoop, 5-29
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L2 cache line invalidate following PCI read MEMGO bit in MICR1, 3-27
snoop, 5-31 SDRAM power-on initialization, 6-24
L2 cache line push following PCI write Misaligned 60x data transfer, 4-15
snoop, 5-30 Misaligned data transfer, 4-17
L2 cache line update timing, 5-27 Mode-set command, SDRAM, 6-26, 6-30
L2 cache read hit timing, 5-24 Multiprocessor implementations
L2 cache write hit timing, 5-26 address pipelining/split-bus capability, 4-6
legend for timing diagrams, 5-24 multiprocessor configuration, 4-4
write-back operation, 5-1 Munging
write-through operation, 5-2 for 60x processors, B-1
Latency munged memory image in main memory, B-4
estimated memory latency, 6-18
Linear burst ordering, PCI, 7-7 N
Little-endian mode
accessing configuration registers, 3-9 Nap mode
byte ordering, B-4 overview, 1-7 X
LE MODE blt, 3-44 PMCR bit Setllngs, 3-19
PCI_bus, 7-2,B-1 power management, A-3
LOCK signal, 1-3, 2-26, 7-3 QREQ signal, A-1

special cycle, PCI, 7-19
NMI (nonmaskable interrupt) signal, 2-29, 9-4

M
MAO-MA11/AR8-AR19 signals, 2-19 0
Master-abort, PCI, 7-11 .
MCCRI register On-chip byte decode mode, 2-13, 3-47, 5-5
bit settings, 3-33
MCCR? register P
bit settings, 3-36 PAR (parity) signal, 2-24, 7-20
BUF blt.’ 6-3 PARO-PAR7/AR0-ART signals, 2-20
MCCRS register, 3-37 PCI (peripheral component interconnect) bus, 1-1, 7-1
MCC]}4 register PCI address bus decoding, 7-6, A-7
bit settings, 3-39 PCI data transfers
RCBUF bl!, 6-3 FRAME, IRDY, and TRDY signals, 7-4
WCBUF bit, 6-3 PCl interface

MCP (machine check) signal, 2-30, 4-20, 9-3
MEMACK (flush acknowledge) signal, 2-29, 7-21
Memory bank enable register, 3-32, 6-9
Memory boundary register, 3-27, 6-9
Memory interface

BUF bit in MCCR4, 6-3

configuration registers, 3-27

description, 1-5

error detection, 9-5

burst operation, 7-4

bus arbitration, 7-3

bus commands, 7-4

bus transactions
interrupt-acknowledge transaction, 7-18
legend for timing diagrams, 7-9
PCI read operation, timing, 7-10
PCI write operation, timing, 7-10
special-cycle transaction, 7-19

features, 1-3 ) byte alignment, 7-8
maximum supported memory size, 6-1 byte ordering, 7-2, B-1
overview, 6-1, 6-2 C/BE3-C/BEO signals, 7-20

power management support, 6-2, 6-20, 6-33 cache line toggle, 7-7

RCBUF bit in MCCR4, 6-3 CONFIG_ADDR register, 7-16
ROM interface, 6-34 CONFIG_DATA register, 7-16
signal buffering, 6-2 configuration cycles, 7-13
signals, 2—1’8' configuration header, 7-14
WCBUF bit in MCCR4, 6-3 description, 1-5

Memory maps, 3-1 DEVSEL signal, 2-26, 7-7

MICR registers . error detection and reporting, 7-20, 9-6
DRAM power-on initialization, 6-9
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error reporting signals, 9-3
exclusive access, 7-3
FLSHREQ signal, 2-29, 7-21
implementation of the PCI bus, 7-1
ISA_MASTER signal, 2-29, 7-21
linear burst ordering, 7-7
LOCK signal, 1-3, 2-26, 7-3
MEMACK signal, 2-29, 7-21
MPCI105 as PCI bus master, 7-2
MPCI10S5 as PCI target, 7-2
overview, 7-1
PCI bus error status register, 3-26, 9-7
PCI registers, 3-15, 7-14
PCI-to-ISA bridge, 7-21, 9-4
PCI registers
command register, 3-15, 3-16, 7-14
configuration header summary, 3-15, 7-14
status register, 3-15, 3-17, 7-14
PCI sideband signals, 2-28, 7-21
PCI special-cycle operations
power management, 7-19, A-7
PERR (PCI parity error) signal, 2-27, 7-21, 9-4
PICRI1 register
bit settings, 3-41
CF_BREAD_WS bit, 4-20
CF_LBA_EN bit, 4-21
LE_MODE (endian mode) bit, 3-44
MCP_EN bit, 4-20, 9-3
TEA_EN bit, 2-11, 4-20, 9-3, 9-5
XATS bit, 3-1
XIO_MODE bit, 3-1
PICR2 register
bit settings, 3-46
CF_APARK bit, 4-7
CF_BYTE_DECODE, 5-5

CF_DOE, 5-18

CF_FAST_CASTOUT, 5-17

CF_HOLD, 5-17

CF_L2_HIT_DELAY(1-0), 5-17
Pipelining

address pipelining, 4-6, 4-9
PLL (phase-locked loop), 1-7, 2-34
PLL configuration, encodings, 2-35
PLLO-PLL3 (clock mode) signals, 2-34
PMCR register
bit settings, 3-19
LP_REF_EN bit, A-7
power management support, A-6
refresh during power saving modes, 6-20, 6-33

Power management
clock configuration, A-6
doze mode, 1-7, A-3
DRAM refresh, 6-20
full-on mode, 1-7, A-3
memory interface, support, 6-2, 6-20, 6-33
memory refresh operations, A-7
modifying device drivers, A-8
nap mode, 1-7, 7-19, A-3
overview, 1-7
PCI address bus decoding, A-7
PCI special-cycle operations, 7-19, A-7
PM bit, 3-20
PMCR register, 3-18, 6-20, 6-33, A-1, A-6
PMCR, LP_REF_EN bit, A-7
PMCR, PM bit, A-1
power mode transition, A-1
power modes, A-1
processor bus request monitoring, A-7
QREQ signal, A-1
SDRAM power saving modes, 6-33
sleep mode, 1-7, 7-19, A-4
suspend mode, 1-8, A-5
systems using 601, 3-20, A-2
systems using 603, A-2
systems using 604, 3-20, A-2
Power mode transition
PICR1, PROC_TYPE bit, A-1
Power-on initialization
power-on reset (POR), 9-2
setting up MICR parameters, 6-9
Precharge-all-banks command, SDRAM, 6-26
Processor bus request monitoring
power management, A-7
Processor interface
60x bus accesses, 4-5
60x bus error status register, 3-26
60x bus slave support, 4-21
byte ordering, B-1
description, 1-4
error detection, 9-5
features, 1-2
implementation of the processor bus, 4-1
multiprocessor configuration, 4-4
PCI bus operations, 4-11
processor interface configuration registers
(PICRs), 3-41
secondary processor signals, 2-16
signals, 2-3
single-processor configuration, 4-1
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QACK (quiesce acknowledge) signal, 2-31, 3-20, A-1
QREQ (quiesce request) signal, 2-31, 3-20, A-1
Qualified bus grant, 4-6

RAS/CS0-RAS/CST signals, 2-18, 6-2, 6-22
RCSO0 signal

ROM bank 0 select, description, 2-22

ROM location configuration signal, 2-33, 6-34
Read-with-autoprecharge command, SDRAM, 6-26
Refresh

DRAM refresh, 6-18, 6-19

power management, refresh operations, 6-20,

6-33, A-7

refresh command, SDRAM, 6-26

SDRAM refresh, 6-31, 6-32
Registers, see Configuration registers, MPC105
REQ (PCI bus request) signal, 2-27, 7-3
Retry, PCI transaction, 7-12
ROM interface operation

16-Mbyte ROM system, 6-35

overview, 6-34

ROM burst read timing, 6-37

ROM nonburst read timing, 6-36
RTC signal, 1-6, 2-23, 6-20, A-5

S

SDCAS/ELE signal, 2-21, 6-4

SDRAM interface operation
128-Mbyte SDRAM system, 6-23
bank-activate command, 6-26
command encodings, 6-27
configurations supported, 6-24
JEDEC interface commands, 6-25
mode-set command, 6-26
overview, 6-22
power-on initialization, 6-24
precharge-all-banks command, 6-26
programmable parameters, 6-24
read-with-autoprecharge command, 6-26
refresh command, 6-26
refresh, SDRAM, 6-31
SDRAM burst-of-four read timing, 6-29
SDRAM burst-of-four write timing, 6-30
SDRAM self-refresh entry, 6-33
SDRAM self-refresh exit, 6-34
SDRAM single-beat read timing, 6-28
SDRAM single-beat write timing, 6-29
self-refresh command, 6-27
write-with-autoprecharge command, 6-26

SDRAS signals, 2-21

Secondary 60x processor, 1-4, 2-16, 4-1

Secondary cache interface see L2 interface
Self-refresh command, SDRAM, 6-27
SERR (system error) signal, 2-28, 7-21, 9-3
Signal buffering, memory interface

buffer configurations, 6-2
Signals

60x address arbitration, 4-6

60x data arbitration, 4-6

A0-A31,2-5

AACK, 2-7,4-17

AD31-ADO, 2-23,7-7

ADS/DALE, 2-12

ARTRY, 2-8, 4-17

BAA/BAL,2-13

BCTLO-BCTLI, 2-22, 6-2

BGO, 2-3, 4-6

BRO, BRI, 2-3, 4-6

C/BE3-C/BEO signals, 2-23, 7-8, 7-20

CAS/DQMO-CAS/DQM?7, 2-18, 6-7, 6-22

CI, 2-10

CK0/DWE3, 2-30, 5-5

CKE/DWET7, 2-13, 2-21, 5-5

configuration signals, MPC105, 2-33

data RAM write enable, L2 interface, 2-13

DBGO, 2-8, 4-6

DEVSEL, 2-26, 7-7

DHO0-DH31, DL0-DL31, 2-9

DIRTY_IN/BRI, 1-5, 2-17, 4-7

DIRTY_OUT/BGI, 1-5, 2-17

DLO, 2-33

DOE, 2-13

FLSHREQ, 2-29, 7-21

FNR/DWEQ, 2-33, 5-5

FOE/RCSI, 2-22, 6-37

FRAME, 2-25, 7-4

GBL, 2-10

GNT, 2-27,7-3

HIT, 2-14, 5-4

HRST, 2-30, 9-2, A-2

IEEE 1149.1 interface, 2-31

interrupt, clock, and power management, 2-29

IRDY, 2-25,7-4

ISA_MASTER, 2-29, 7-21

JTAG signals, 2-31, C-2

L2 cache interface signals, 2-12

LOCK, 2-26,7-3

MAO-MA11/AR8-AR19, 2-19

MCP (machine check) signal, 2-30, 4-20, 9-3

MEMACK, 2-29, 7-21

memory interface, 2-18

NMI (nonmaskable interrupt), 2-29, 9-4

PAR (parity), 2-24

PARO-PAR7/AR(0-AR?7, 2-20

PClI interface, 2-23
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PCI sideband, 2-28

PERR, 2-27, 7-21,9-4

PLLO-PLL3, 2-34

processor interface, 2-3

QACK, 2-31, 3-20, A-1

QREQ, 2-31, 3-20, A-1

RAS/CS0-RAS/CS7, 2-18, 6-22

RCSO signal
ROM bank 0 select, description, 2-22
ROM location configuration signal, 2-33,

6-34

REQ, 2-27,7-3

RTC, 1-6, 2-23, 6-20, A-5

SDCAS/ELE, 2-21, 6-4

SDRAS, 2-21

secondary processor signals, 2-16

SERR, 2-28, 7-21, 9-3

signal groupings, 2-2

STOP, 2-26

STOP signal, 7-8

SUSPEND, 2-31

SYSCLK, 2-30, 2-34

TA, 2-10

TALE/BAO, 2-14

TALOE, 2-14

TBST, 2-6, 4-12

TCK (JTAG test clock), 2-32, C-2

TDI (JTAG test data input), 2-32, C-2

TDO (JTAG test data output), 2-32, C-2

TEA (transfer error acknowledge) signal, 2-11,
4-20,9-3

TMS (JTAG test mode select), 2-32, C-2

TOE/DBGI, 1-5, 2-17

TRDY, 2-24, 7-4

TRST (JTAG test reset), 2-32, C-2

TS, 2-4

TSIZ0-TSI1Z2, 2-6, 4-12

TTO-TT4, 2-5, 4-9

TV (tag valid), 2-15

TV (tag valid) signal, 5-4

TWE, 2-15

TWE signal, 5-17

WE, 2-19, 6-27

WT, 2-10, 5-6

XATS, 2-4,2-33, 3-1, 3-43

Single-beat transactions

60x single-beat operations, 4-19

DRAM-based systems, 6-12, 6-15

SDRAM-based systems, 6-28, 6-29, 6-30

Single-beat transfer see Transfer

Sleep mode
description, A-4
overview, 1-7
PCI interface support, 7-1, 7-19
PMCR bit settings, 3-19
QREQ signal, 3-20, A-1
Snoop response, MPC105, 4-11, 4-17, 8-7
Split-bus transaction, 4-6
STOP signal, 2-26, 7-8
Suspend mode
description, A-5
overview, 1-8
PCl interface, 7-1
RTC input, 1-6, A-5
SUSPEND signal, 2-31
SYSCLK signal, 2-30, 2-34
System reset
HRST signal, 2-30, 9-2
initialization sequence, 6-25
system reset interrupt, 9-2

T

TA signal, 2-10
TALE/BAO signal, 2-14
TALOE signal, 2-14
Target disconnect, PCI transaction, 7-12, 8-4
Target-initiated termination
description, 7-12
PCI status register, 7-12
TBST signal, 2-6, 4-12
TCK (JTAG test clock) signal, 2-32, C-2
TDI (JTAG test data input) signal, 2-32, C-2
TDO (JTAG test data output) signal, 2-32, C-2
TEA (transfer error acknowledge) signal, 2-11, 4-20,
9-3
Termination
60x address tenure, 4-5
60x data tenure, 4-6
completion, PCI transaction, 7-11
master-abort, PCI, 7-11
normal termination, 4-19
retry, PCI, 7-12
target disconnect, PCI, 7-12
termination by TEA, 4-20
termination of PCI transaction, 7-11
timeout, PCI transaction, 7-11
Timeout, PCI transaction, 7-11
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Timing diagrams
60x single-beat/burst data transfers, 4-20
acronyms in DRAM timing diagrams, 6-10
CBR refresh timing, DRAM, 6-19
CBR refresh timing, SDRAM, 6-32
CF_DOE timing, L2 interface, 5-19

CF_L2_HIT_DELAY timing, L2 interface, 5-18

CF_WDATA timing, L2 interface, 5-19
CF_WMODE timing, L2 interface, 5-20
DRAM burst-of-four read, 6-13, 6-14
DRAM burst-of-four write, 6-16

DRAM RTC refresh in suspend mode, 6-22

DRAM single-beat read, 6-12
DRAM single-beat write, 6-15
Flash memory write, 6-41

Flash ROM burst read, 6-40

Flash ROM half-word read, 6-39
Flash ROM single-byte read, 6-39
legend for L2 interface timing, 5-24
PCI read operation, 7-10

PCI write operation, 7-10

ROM burst read timing, 6-37

ROM nonburst read timing, 6-36
SDRAM burst-of-four read, 6-29
SDRAM burst-of-four write, 6-30
SDRAM mode-set command timing, 6-30
SDRAM self-refresh entry, 6-33
SDRAM self-refresh exit, 6-34
SDRAM single-beat read, 6-28
SDRAM single-beat write, 6-29

self-refresh in sleep and suspend modes, 6-21

TMS (JTAG test mode select) signal, 2-32, C-2
TOE/DBGTI signal, 1-5, 2-16, 2-17
Transactions, 7-12
Transactions, PCI bus

PCI bus transactions, 7-9

termination, 7-11
Transfer

60x address tenure, 4-5

60x data tenure, 4-5

aligned data transfer, 60x, 4-13, 4-15
TRDY (target ready) signal, 2-24, 7-4, 7-11
TRST (JTAG test reset) signal, 2-32, C-2
TS signal, 2-4
TSIZ0-TSIZ2 signals, 2-6, 4-12
TTO-TT4 signals, 2-5, 4-9
TV (tag valid) signal, 2-15, 5-4
TWE signal, 2-15, 5-17

INDEX

w

WE signal, 2-19, 6-27
Write-back
L2 cache response, 5-6
support for L2 cache operation, 1-4, 5-1
write-back cache with 105, 5-1
Write-through
L2 cache response, 5-13
support for L2 cache operation, 1-4, 5-1
write-through cache with 105, 5-2
Write-with-autoprecharge command, SDRAM, 6-26
WT signal, 2-10, 5-6

X

XATS signal
as a configuration input, 2-33
description, 2-4
selection of memory maps, 3-1, 3-43
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UNITED STATES
ALABAMA, Huntsville

ALASKA
ARIZONA, Tempe

CALIFORNIA, Calabasas . ...
CALIFORNIA, Los Angeles ..

CALIFORNIA, Irvine ..

CALIFORNIA, San Diego . ...
CALIFORNIA, Sunnyvale ....

COLORADO,
Colorado Springs
COLORADO, Denver .
CONNECTICUT,
Wallingford
FLORIDA, Maitland

(205)464-6800
(800)635-8291
(602)302-8056
(818)878-6800
(818)878-6800
(714)753-7360
(619)541-2163
{408)749-0510

(719)599-7497
(303)337-3434

(203)949-4100
(407)628-2636

FLORIDA, Pompano Beach/

Ft. Lauderdale
FLORIDA, Clearwater
GEORGIA, Atlanta
IDAHO, Boise ..........
ILLINOIS, Chicago/

Schaumburg
INDIANA, Fort Wayne
INDIANA, Indianapolis
INDIANA, Kokomo
IOWA, Cedar Rapids .
KANSAS, Kansas City/

Mission
MARYLAND, Columbia
MASSACHUSETTS,

Mariborough
MASSACHUSETTS,

Woburn

MICHIGAN, Detroit
Literature

MINNESOTA, Minnetonka . . . .

MISSOURI, St. Louis .
NEW JERSEY, Fairfield
NEW YORK, Fairport .

NEW YORK, Hauppauge . . .

NEW YORK, Fishkill ..

NORTH CAROLINA,
Raleigh

OHIO, Cleveland

(305)351-6040
(813)538-7750
(404)729-7100
(208)323-9413

(708)413-2500
(219)436-5818
(317)571-0400
(317)455-5100
(319)378-0383

(913)451-8555
(410)381-1570

(508)481-8100

(617)932-9700
(810)347-6800
(800)392-2016
(612)932-1500
(314)275-7380
(201)808-2400
(716)425-4000
- (616)361-7000
(914)896-0511

(919)870-4355
(216)349-3100

OHIO, Columbus/Worthington (614)431-8492

SALES OFFICES

OHIO, Dayton .............. (513)438-6800
OKLAHOMA, Tulsa ... . (918)459-4565
OREGON, Portland (503)641-3681
PENNSYLVANIA, Colmar ... . (215)997-1020

Philadelphia’/Horsham (215)957-4100
TENNESSEE, Knoxville (615)584-4841
TEXAS, Austin (612)502-2100
TEXAS, Houston (713)783-6400
TEXAS, Piano (214)516-5100
VIRGINIA, Richmond (804)285-2100
UTAH, CSI @ (801)561-5099
WASHINGTON, Bellevue ... . (206)454-4160

Seattle Access (206)622-9960

WISCONSIN, Milwaukee/
Brookfield

(414)792-0122

Field Applications Engineering Available
Through All Sales Offices

CANADA
BRITISH COLUMBIA,

Vancouver ................ (604)293-7650
ONTARIO, Toronto ......... (416)497-8181

ONTARIO, Ottawa . ..........
QUEBEC, Montreal

INTERNATIONAL
AUSTRALIA, Melbourne ... (61-3)887-0711

AUSTRALIA, Sydney ....... 61(2)906-3855
BRAZIL, Sao Paulo 55(11)815-4200

(613)226-3491
(514)333-3300

CHINA, Beijing .............. 86-505-2180
FINLAND, Helsinki ....... 358-0-351 61191
carphone ............... 358(49)211501
FRANCE, Paris ............ 33134 635900
GERMANY, Langenhagen/
Hannover ............... 49(511)786880

GERMANY, Munich 49 89 92103-0
GERMANY, Nuremberg . ... 49 911 96-3190
GERMANY, Sindelfingen . ... 49703179710
GERMANY, Wiesbaden ..... 49 611 973050
HONG KONG, Kwai Fong .... 852-6106888

TaiPo ... 852-6668333
INDIA, Bangalore (91-812)627094
ISRAEL, Herzlia 972-9-590222
ITALY, Milan ................. 39(2)82201
JAPAN, Fukuoka 81-92-725-7583

411195

JAPAN, Gotanda .......... 81-3-5487-8311
JAPAN, Nagoya .... . 81-52-232-3500
JAPAN, Osaka ............. 81-6-305-1802
JAPAN, Sendai ........... 81-22-268-4333
JAPAN, Takamatsu ........ 81-878-37-9972

JAPAN, Tokyo
KOREA, Pusan
KOREA, Seoul
MALAYSIA, Penang
MEXICO, Mexico City
MEXICO, Guadalajara

............ 81-3-3440-3311

........... 82(51)4635-035
82(2)554-5118
60(4)374514
....... 52(5)282-0230
52(36)21-8977

Marketing ................ 52(36)21-2023
Customer Service ........ 52(36)669-9160
NETHERLANDS, Best .. .. (31)4998612 11
PUERTO RICO, San Juan ... (809)793-2170
SINGAPORE ............... (65)4818188
SPAIN, Madrid ......... .. 34(1)457-8204

34(1)457-8254
46(8)734-8800

SWEDEN, Solna

SWITZERLAND, Geneva .. 41(22)799 11 11
SWITZERLAND, Zurich ... .. 41(1)730-4074
TAIWAN, Taipei ........... 886(2)717-7089
THAILAND, Bangkok ....... 66(2)254-4910
UNITED KINGDOM,

Aylesbury ............... 44(296)395-252

FULL LINE REPRESENTATIVES
CALIFORNIA, Loomis

Galena Technology Group . . . (916)652-0268
NEVADA, Reno

Galena Tech. Group
NEW MEXICO, Albuquerque

S&S Technologies, Inc. .. .. (602)414-1100
UTAH, Salt Lake City

Utah Comp. Sales, Inc. .. ...
WASHINGTON, Spokane

Doug Kenley

HYBRID/MCM COMPONENT
SUPPLIERS

(702)746-0642

(801)561-5099

(509)924-2322

Chip Supply (407)298-7100
Elmo Semiconductor (818)768-7400
Minco Technology Labs Inc. .. (512)834-2022
SemiDicelnc. ............. (310)594-4631

For changes to this information contact Technical Publications at FAX (602) 244-6561
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MOTOROLA DISTRIBUTOR AND WORLDWIDE SALES OFFICES
AUTHORIZED NORTH AMERICAN DISTRIBUTORS

UNITED STATES
ALABAMA
Huntsville
Arrow/ r Electronics . ... (205)837-6955
Future Electronics . . . . (205)830-2322
Hamilton Hallmark . . (205)837-8700
Newark ........ . (205)837-9091
Time Electronics 1-800-789-TIME
Wyle Laboratories . . . . (205)830~-1119
ARIZONA
Phoenix

Future Electronics ...
Hamiton Hallmark .

. (602)968-7140
(602)437-1200

Wyle Laboratories . .. . (602)437-2088
Tempe

Arrow/Schweber Electronics . ... (602)431-0030

Newark . (602)966-6340

Time Electronics . 1-800-789-TIME
CALIFORNIA
Agoura Hills
ime Electronics Corporate . ... 1-800-789-TIME
Belmont
Richardson Electronics ....... (415)592-9225
Calabassas
Arrow/Schweber Electronics .... (818)880-9686
Wyle Laboratories ............ (818)880-8000
Chatsworth
Future Electronics ............ (818)865-0040

Time Electronics ............ 1-800-789-TIME

Costa Mesa
Hamilton Hallmark

Culver CI:Y
Hamilton Hallmark ............

Garden Grove

(714)641-4100

(213)558-2000

Newark ..........ooooviinn (714-893-4909
Irvine

Arrow/Schweber Electronics ... (714)587-0404

Future Electronics ............ (714)250-4141

Wyle Laboratories Corporate .... (714)753-9953

Wyle Laboratories ............ (714)863-9953
Los Angeles

Wyle Laboratories ............ (818)880-9000

Mountain View

Richardson Electronics (415)960-6900

Orange

Newark .................oooo. (714)634-8224
Palo Alto

Newark ..............cooiin (415)812-6300
Rocklin

Hamilton Hallmark ........... (916)624-9781
Sacramento

Newark ........ . (916)721-1633

Wyle Laboratories (916)638-5282
San Diego

Arrow/Schweber Electronics ... (619)565-4800

Future Electronics ............ (619)625-2800

Hamilton Hallmark
Newark ..........

(619)571-7540
.. (619)4563-8211

Wyle Laboratories (619)565-9171
San Jose

Arrow/Schweber Electronics . ... (408)441-9700

Arrow/Schweber Electronics . ... (408)428-6400

Future Electronics ............. (408)434-1122
Santa Clara

Wyle Laboratories ............ (408)727-2500
Sunnyvale

Hamilton Hallmark ............ (408)435-3500

Time Electronics 1-800-789-TIME

Torrance

Time Electronics ............ 1-800-789-TIME
Tustin

Time Electronics ............ 1-800-789-TIME
West Hills

Newark ...........ocoooues (818)888-3718

Woodland Hills

Hamilton Hallmark .. (818)594-0404
Richardson Electronics .. . (616)594-5600
COLORADO

Lakewood

Future Electronics . . . .. (303)232-2008
Denver

Newark ..................... (303)757-3351
Englewood

Arrow/Schweber Electronics
Hamilton Hallmark
Time Electronics
Thornton
Wyle Laboratories ............
CONNECTICUT
Bloomfield
Newark ..
Chesire
Future Electronics . . .
Hamilton Hallmark ..

... (303)799-0258
(308)790-1662
1-800-789-TIME

(303)457-9953

. (203)243-1731

. (208)250-0083
. (208)271-2844

Southbury

Time Electronics ............ 1-800-789-TIME
Wallingfort

Arrow/Schweber Electronics .... (203)265-7741

FLORIDA

Altamonte Springs

Future Electronics . . . . (407)767-8414
Clearwater

Future Electronics ............ (813)530-1222
Deerfield Beach

Arrow/Schweber Electronics .... (305)429-8200

Wyle Laboratories . .. . (305)420-0500

Ft. Lauderdale

Future Electronics . .. . (305)436-4043

Hamilton Hallmark . . (305)484-5482

Time Electronics ... .. 1-800-789-TIME
Lake Mary

Arrow/Schweber Electronics .... (407)333-9300

Largo/Tampa/St. Petersburg
Hamilton Hallmark . . (813)541-7440
Newark . (813)287-1578

Wyle Laboratories ............ (813)576-3004
Orlando

Newark ... (407)896-8350

Time Electronics .. . 1-800-789-TIME
Plantation

Newark ..................... (305)424-4400
Winter Park

Hamilton Hallmark
Richardson Electronics ..

. (407)657-3300
. (407)644-1453

GEORGIA
Atlanta
Time Electronics .. .. .. 1-800-789-TIME
Wyle Laboratories . . . . (404)441-9045
Duluth
Arrow/Schweber Electronics ... (404)497-1300
Hamilton Hallmark ........... (404)623-5475
Norcross
Future Electronics . .. (404)441-7676
Newark .. . (404)448-1300
Wyle Laboratories . . (404)441-9045
ILLINOIS
Addison
Wyle Laboratories . . . . (708)620-0969
Bensenville
Hamilton Hallmark ............ (708)860-7780
Chicago
Newark Electronics Corp. . .... (312)784-5100

Hoffman Estates

Future Electronics ............ (708)882-1255

Itasca
Arrow/Schweber Electronics ... (708)250-0500

LaFox
Richardson Electronics ....... (708)208-2401
Schaumburg
Newark .............o.ooel (708)310-8980
Time Electronics 1-800-789-TIME
INDIANA
Indianapolis
Arrow/Schweber Electronics .... (317)299-2071

Hamilton Hallmark (317)575-3500

Future Electronics . . ... (317)469-0447
Future FAI .... .. (317)469-0441
Newark ..... .. (317)259-0085
Time Electronics . . 1-800-789-TIME
Ft. Wayne
Newark ..................... (219)484-0766
IOWA
Cedar Rapids
Newark (319)393-3800
Time Electronics . 1-800-789-TIME
KANSAS
Lenexa
Armrow/Schweber Electronics . ... (913)541-9542

Hamilton Hallmark

Overland Park
Future Electronics ............

(913)888-4747

(913)649-1531

Newark ......... .. (913)677-0727

Time Electronics 1-800-789-TIME
MARYLAND
Columbia

Arrow/Schweber Electronics .... (301)596-7800

Future Electronics . .
Hamilton Hallmark
Time Electronics

.. (410)290-0600
.. (410)988-9800
1-800-789-TIME

Wyle Laboratories ............ (410)312-4844
Hanover
Newark .........oooevue.... (410)712-6922
MASSACHUSETTS
Boston
Arrow/Schweber Electronics .... (617)271-9953
Bolton
Future Corporate ............. (508)779-3000
Burlington
Wyle Laboratories ............ (617)271-9953
Norwell
Richardson Electronics ....... (617)871-5162
Peabod
Time Electronics ............ 1-800-789-TIME
Hamiltion Hallmark ........... (508)532-3701
Woburn
Newark ..............oo.oo0 (617)935-8350
MICHIGAN
Detroit
Newark ..................... (313)967-0600
Grand Rapids
Future Electronics ............ (616)698-6800
Livonia
Arrow/Schweber Electronics . ... (313)462-2290
Future Electronics ........ . (313)261-5270
Hamilton Hallmark ........... (313)347-4020
Time Electronics ............ 1-800-789-TIME
MINNESOTA
Bloomington
Wyle Laboratories ............. (612)853-2280
Eden Prairie
Arrow/Schweber Electronics ... (612)941-5280

Future Electronics
Hamilton Hallmark .
Time Electronics
Minneapolis
Newark .....................
Earth City
Hamilton Hallmark

.. (612)944-2200
.. (612)881-2600
1-800-789-TIME

(612)331-6350

{314)291-5350

For changes to this information contact Technical Publications at FAX (602) 244-6561
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AUTHORIZED DISTRIBUTORS - continued

UNITED STATES - continued
MISSOURI
St. Louis
Arrow/Schweber Electronics . ... (314)567-6888
Future Electronics . (314)469-6805

Newark ...........c.ocooiunn (314)298-2505
Time Electronics ............ 1-800-789-TIME
NEW JERSEY
Cherry Hill

Hamilton Hallmark
East Brunswick
Newark
Marlton
Arrow/Schweber Electronics . ...
Future Electronics ............
Pinebrook
Arrow/Schweber Electronics . ...
Wyle Laboratories
Parsippany
Future Electronics ............

. (609)424-0100

(908)937-6600

(609)596-8000
(609)596-4080

(201)227-7880
(201)882-8358

(201)299-0400

Hamilton Hallmark ........... (201)515-1641
Wayne
Time Electronics ............ 1-800-789-TIME
NEW MEXICO

Albuquerque
Alliance Electronics
Hamilton Hallmark .
Newark .....................

(505)292-3360
. (505)828-1058
(505)828-1878

NEW YORK

Commack

Newark ..................... (516)499-1216
Hauppauge

Arrow/Schweber Electronics .... (516)231-1000

Future Electronics . ........... (516)234-4000

HamiltonHallmark ........... (516)434-7400
Konkoma

HamiltonHallmark ........... (516)737-0600
Melville

Wyle Laboratories ............ (516)293-8446
Pittsford

Newark .. (716)381-4244

Rochester
Arrow/Schweber Electronics . ... (716)427-0300
Future Electronics ....... .. (716)272-1120
Hamilton Hallmark ... . (716)475-9130
Richardson Electronics .. (716)264-1100
Time Electronics 1-800-789-TIME
Rockville Centre
Richardson Electronics
Syracuse
Future Electronics ............ (315)451-2371
Time Electronics ..... . 1-800-789-TIME
NORTH CAROLINA
Charlotte
Future Electronics ............ (704)455-9030
Richardson Electronics . (704)548-9042

(516)872-4400

Raleigh
Arrow/Schweber Electronics .... (919)876-3132
Future Electronics ............. (919)790-7111

Hamilton Hallmark
Newark ..........
Time Electronics ............

(919)872-0712
. (919)781-7677
1-800-789-TIME

OHIO
Centerville
Arrow/Schweber Electronics . ... (513)435-5563
Cleveland
Newark .........oooeuvninnn. (216)391-9330
Time Electronics ............ 1-800-789-TIME
Columbus
Newark ..................... (614)326-0352
Time Electronics . 1-800-789-TIME
Dayton

Future Electronics ............ (513)426-0090
Hamilton Hallmark . (5613)439-6735
Newark ...... . (513)294-8980
Time Electronics ............ 1-800-789-TIME

Mayfield Heights
Future Electronics ............
Solon
Arrow/Schweber Electronics .... (216)248-3990
Hamilton Hallmark ............ (216)498-1100

(216)448-6996

Worthington
Hamilton Hallmark ........... (614)888-3313
OKLAHOMA
Tuisa
Hamilton Hallmark ............ (918)254-6110
Newark ..................... (918)252-5070
OREGON
Beaverton
Arrow/Almac Electronics Comp. .. (503)629-8090
Future Electronics ............ (503)645-9454
Hamilton Halimark ........... (503)528-6200

Wyle Laboratories ............ (503)643-7900

Portland
NeWark .......oovveeennenn. (503)297-1984
Time Electronics ............ 1-800-789-TIME
PENNSYLVANIA
Ft. Washington
Newark ..............ooo.ue (215)654-1434
Mt. Laurel
Wyle Laboratories ............. (609)439-9110

Montgomeryville
Richardson Electronics
Philadelphia
Time Electronics ...

(215)628-0805

1-800-789-TIME

Wyle Laboratories . . (609)439-9110
Pittsburgh
Arrow/Schweber Electronics . ... (412)963-6807
Newark ......... .. (412)788-4790
Time Electronics ............ 1-800-789-TIME
TENNESSEE
Franklin
Richardson Electronics ....... (615)791-4900
Knoxville
Newark ............coooioee (615)588-6493
TEXAS
Austin
Arrow/Schweber Electronics .... (512)835-4180
Future Electronics ....... .. (512)502-0991
Hamilton Hallmark .. (512)258-8818
Newark ........ .. (612)338-0287
Time Electronics 1-800-789-TIME
Wyle Laboratories ............ (512)345-8853
Caroliton
Arrow/Schweber Electronics .... (214)380-6464
Dallas
Future Electronics ............ (214)437-2437
Hamilton Hallmark . . (214)553-4300

Richardson Electronics .
Time Electronics

.. (214)239-3680
- '1-800-789-TIME

Wyle Laboratories . (214)235-9953
Ft. Worth

Allied Electronics ............. (817)336-5401
Houston

Arrow/Schweber Electronics ... (713)530-4700
Future Electronics ... .. .. ... (713)785-1155
Hamilton Hallmark . .. (713)781-6100
. (713)270-4800

Newark ........ .
Time Electronics . 1-800-789-TIME
Wyle Laboratories . . (713)879-9953
Richardson
Newark ...............oo.e. (214)235-1998
UTAH
Salt Lake City
Arrow/Schweber Electronics .... (801)973-6913

. (801)467-4448
(801)266-2022

Future Electronics
Hamitton Hallmark

Newark (801)261-5660

Wyie Laboratories (801)974-9953
West Valley City

Time Electronics ............ 1-800-789-TIME

Wyle Laboratories (801)974-9953

WASHINGTON
Bellevue
Almac Electronics Corp. ..
Newark .............
Richardson Electronics ...
Bothell
Future Electronics ............
Redmond
Hamilton Hallmark ...
Time Electronics
Wyle Laboratories
Seattle
Wyle Laboratories. ............. (206)881-1150
Spokane
Arrow/Almac Electronics Corp. ..
WISCONSIN
Brookfield
Amow/Schweber Electronics ... (414)792-0150
Future Electronics . ........... (414)879-0244

.. (206)643-9992
. (206)641-9800
. (206)646-7224

(206)489-3400

(206)881-6697
1-800-789-TIME
... (206)881-1150

(509)924-9500

Milwaukee
Time Electronics ............ 1-800-789-TIME
New Berlin
Hamilton Hallmark ........... (414)780-7200
Wauwatosa
Newark ..................... (414)453-9100
Waukesha
Wyle Laboratories ............ (414)879-0434
CANADA
ALBERTA
All Provinces — Newark ....... (800)463-9275
Calga
Electro SonicInc. ........... (403)255-9550
Future Electronics . (403)250-5550

HamittorvHallmark
Edmonton

. (800)663-5500

Future Electronics ............ (403)438-2858
Hamilton/Hallmark ........... (800)663-5500
Saskatchewan
Hamilton/Hallmark ........... (800)663-5500
BRITISH COLUMBIA
Vancouver

Arrow Electronics
Electro SonicInc. ......
Future Electronics

. (604)421-2333
.. (604)273-2911
.. (604)294-1166

HamiltorvHallmark . (604)420-4101
MANITOBA
Winnipeg
Electro SonicInc. ...... . (204)783-3105
Future Electronics .. (204)944-1446
HamittorvHallmark ............ (800)663-5500
ONTARIO
Ottawa
Arrow Electronics .. . (613)226-6903
Electro Sonic Inc. .. . (613)728-8333
Future Electronics . . . (613)820-8313
HamiltorvHallmark ... .. . (613)226-1700
Toronto

Arrow Electronics
Electro Sonic Inc.
Future Electronics
Hamitton Hallmark

... (905)670-7769
... (416)494-1666
... (905)612-9200
. (905)564-6060

Newark . (519)685-4280
(905)670-2888
(800)453-9275
Richardson Electronics . ... (905)795-6300

... (905)612-9888

QUEBEC
Montreal
Arrow Electronics
Future Electronics . .
Hamilton Hallmark ..
Richardson Electronics .
Quebec City
Future Electronics ............

............. (614)421-7411

... (514)694-7710
. (514)335-1000
... (614)748-1770

(418)877-6666
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