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PowerPC 403GCX
32-Bit RISC
Embedded Controller

Features

* PowerPC™ RISC CPU and instruction set
architecture

* Glueless interfaces to DRAM, SRAM,
ROM, and peripherals, including byte and
half-word devices

* 16KB instruction cache and 8KB write-
back data cache, two-way set-associative

* Memory management unit
—64-entry, fully associative TLB array
—Variable page size (1KB-16MB)
—Flexible TLB management

® [ndividually programmable on-chip control-
lers for:
—Four DMA channels
-DRAM, SRAM, and ROM banks
—External interrupts

® Flexible interface to external bus masters

® CPU core can run at 2X the external bus
speed

® Thirty-two 32-bit general purpose registers

Applications

* Set-top boxes and network computers

® Consumer electronics and video games
® Telecommunications and networking

® Office automation (printers, copiers, fax)

Specifications

* CPU core frequencies of 50, 60, and 66
MHz, 1/0s to 25, 30, and 33 MHz

* Interfaces to both 3V and 5V technologies

* Low-power 3.3V operation with built-in
power management and stand-by mode

* Low-cost 160 lead PQFP package
® 0.45 pm triple-level-metal CMOS
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Overview

The PowerPC 403GCX 32-bit RISC embedded
controller offers high performance and functional
integration with low power consumption. The
403GCX RISC CPU executes at sustained
speeds approaching one cycle per instruction.
On-chip caches and integrated DRAM and
SRAM control functions reduce chip count and
design complexity in systems, while improving
system throughput.

External I/O devices or SRAM/DRAM memory
banks can be directly attached to the 403GCX
bus interface unit (BIU). Interfaces for up to eight
memory banks and I/O devices, including a max-
imum of four DRAM banks, can be configured
individually, allowing the BIU to manage devices
or memory banks with differing control, timing, or
bus width requirements.
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IBM PowerPC 403GCX

The 403GCX RISC controller consists of a pipe-
lined RISC processor core and several peripheral
interface units: BIU, DMA controlier, asynchro-
nous interrupt controller, serial port, and JTAG
debug port.

The RISC processor core includes the internal
16KB instruction cache and 8KB data cache,
reducing overhead for data transfers to or from
external memory. The instruction queue logic
manages branch prediction, folding of branch
and condition register logical instructions, and
instruction prefetching to minimize pipeline
stalls.The integrated memory management unit
provides robust memory management and pro-
tection functions, optimized for embedded envi-
ronments.

RISC CPU

The RISC core comprises four tightly coupled
functional units: the execution unit (EXU), the
memory management unit (MMU), the data
cache unit (DCU), and the instruction cache unit
(ICU). Each cache unit consists of a data array,
tag array, and control logic for cache manage-
ment and addressing. The execution unit con-
sists of general purpose registers (GPR), special
purpose registers (SPR), ALU, multiplier, divider,
barrel shifter, and the control logic required to
manage data flow and instruction execution
within the EXU. The 403GCX core can operate at
either 1X or 2X the speed of the external buses,
which run at the SysClk input rate.

The EXU handles instruction decoding and exe-
cution, queue management, branch prediction,
and branch folding. The instruction cache unit
passes instructions to the queue in the EXU or, in
the event of a cache miss, requests a fetch from
external memory through the bus interface unit.
The MMU provides translation and memory pro-
tection for instruction and data accesses, using a
unified 64-entry, fully associative TLB array.

General Purpose Registers

Data transfers to and from the EXU are handled
through the bank of 32 GPRs, each 32 bits wide.
Load and store instructions move data operands
between the GPRs and the data cache unit,
except in the cases of noncacheable data or
cache misses. In such cases the DCU passes
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the address for the data read or write to the BIU.
When noncacheable operands are being trans-
ferred, data can pass directly between the EXU
and the BIU, which interfaces to the external
memory being accessed.

Special Purpose Registers

Special purpose registers are used to control
debug facilities, timers, interrupts, the protection
mechanism, memory cacheability, and other
architected processor resources. SPRs are
accessed using move to/from special purpose
register (mtspr/mfspr) instructions, which move
operands between GPRs and SPRs.

Supervisory programs can write the appropriate
SPRs to configure the operating and interface
modes of the execution unit. The condition regis-
ter (CR) and machine state register (MSR) are
written by internal control logic with program exe-
cution status and machine state, respectively.
Status of external interrupts is maintained in the
external interrupt status register (EXISR). Fixed-
point arithmetic exception status is available from
the exception register (XER).

Device Control Registers

Device control registers (DCR) are used to man-
age /O interfaces, DMA channels, SRAM and
DRAM memory configurations and timing, and
status/address information regarding bus errors.
DCRs are accessed using move to/from device
control register (mtder/mfdcr) instructions, which
move operands between GPRs and DCRs.

Instruction Set

Table 1 summarizes the 403GCX instruction set
by categories of operations. Most instructions
execute in a single cycle, with the exceptions of
load/store multiple, load/store string, multiply,
and divide instructions. '

Bus Interface Unit

The bus interface unit integrates the functional
controls for data transfers and address opera-
tions other than those which the DMA controller
handles. DMA transfers use the address logic in
the BIU to output the memory addresses being
accessed.
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Control functions for direct-connect I/O devices
and for DRAM, SRAM, or ROM banks are pro-
vided by the BIU. Burst access for SRAM, ROM,
and page-mode DRAM devices is supported for
cache fill and flush operations.

The BIU controls the transfer of data between the
external bus and the instruction cache, the data
cache, or registers internal to the processor core.
The BIU also arbitrates among external bus mas-
ter and DMA transfers, the internal buses to the
cache units and the register banks, and the serial
port on the on-chip peripheral bus (OPB).

Memory Addressing Regions

The 403GCX can address an effective range of
four gigabytes, mapped to 3.5GB (256MB for
SRAM/ROM or other I/O, 256MB DRAM, and
3GB OPB/reserved) of physical address space
containing twenty-eight 128MB regions. Cache-
ability with respect to the instruction or data
cache is programmed via the instruction and data
cache control registers, respectively.

Within the DRAM and SRAM/ROM regions, a
total of eight banks of devices are supported.
Each bank can be configured for 8-, 16-, or 32-bit
devices.

For individual DRAM banks, the number of wait
states, bank size, RAS-to-CAS timing, use of an
external address multiplexer (for external bus

IBM PowerPC 403GCX

masters), and refresh rate are user-programma-
ble. For each SRAM/ROM bank, the bank size,
bank location, number of wait states, and timings
of chip selects, byte enables, and output enables
are all user-programmabile.

Memory Management Unit

The memory management unit (MMU) supports
address translation and protection functions for
embedded applications. When used with appro-
priate system level software, the MMU provides
the following functions: translation of 4GB logical
address space into physical addresses, indepen-
dent enabling of instruction and data translation/
protection, page level access control via the
translation mechanism, software control of page
replacement strategy, and additional control over
protection via zones.

The fully associative 64-entry TLB array handles
both instruction and data accesses. The transla-
tion for any virtual address can be placed in any
one of the 64 entries, allowing maximum flexibil-
ity by TLB management software. Each TLB
entry contains a translation for a page that can
be any one of eight sizes from 1KB to 16MB,
incrementing by powers of 4.

The TLB can simultaneously contain any mix of
page sizes. This feature enables the use of small
pages when maximum granularity is required,

Table 1. 403GCX Instructions by Category

Category

Base Instructions

Data Movement load, store

Arithmetic / Logical add, subtract, negate, multiply, divide, and, or, xor, nand, nor, xnor, sign
extension, count leading zeros

Comparison compare, compare logical, compare immediate

Branch branch, branch conditional

Condition condition register logical

Rotate/Shift rotate, rotate and mask, shift left, shift right

Cache Control

invalidate, touch, zero, flush, store

Interrupt Control

write to external interrupt enable bit, move to/from machine state register,

return from interrupt, return from critical interrupt

Processor Management

system call, synchronize, move to/from device control registers, move to/

from special purpose registers
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reducing the amount of wasted memory when
compared to the more common fixed 4KB page
size.

Instruction Cache Unit

The instruction cache unit (ICU) is a two-way set-
associative 16KB cache memory unit with
enhancements to support branch prediction and
folding. The ICU is organized as 512 sets of 2
lines, each line containing 16 bytes. A separate
bypass path is available to handle cache-inhib-
ited instructions and to improve performance dur-
ing line fill operations.

The cache can send two cached instructions per
cycle to the execution unit, allowing instructions
1o be folded out of the queue without interrupting
normal instruction flow. When a branch instruc-
tion is folded and executed in parallel with
another instruction, the ICU provides two more
instructions to replace both of the instructions
just executed so that bandwidth is balanced
between the ICU and the execution unit.

Data Cache Unit

The data cache unit is provided to minimize the
access time of frequently used data items in
main store. The 8KB cache is organized as a
two-way set associative cache. There are 256
sets of 2 lines, each line containing 16 bytes of
data. The cache features byte-writeability to
improve the performance of byte and halfword
store operations.

Cache operations are performed using a write-
back strategy. A write-back cache only updates
locations in main storage that corresponds to
changed locations in the cache. Data is flushed
from the cache to main storage whenever
changed data needs to be removed from the
cache to make room for other data.

The data cache may be disabled for a 128MB
memory region via control bits in the data cache
control register. A separate bypass path is avail-
able to handle cache-inhibited data operations
and to improve performance during line fill opera-
tions.

Cache flushing and filling are triggered by load,
store, and cache control instructions executed by

the processor. Cache blocks are loaded starting
at the requested fullword, continuing to the end of
the block and then wrapping around to fill the
remaining fullwords at the beginning of the block.

DMA Controller

The four-channel DMA controller manages block
data transfers in buffered, fly-by and memory-to-
memory transfer modes with options for burst-
mode operation. In fly-by and buffered modes,
the DMA controller supports transactions
between memory and peripheral devices.

Each DMA channel provides a control register, a
source address register, a destination address
register, a transfer count register, and a chained
count register. Peripheral set-up cycles, wait
cycles, and hold cycles can be programmed into
each DMA channel control register. Each chan-
nel supports chaining operations. The DMA sta-
tus register holds the status of all four channels.

Exception Handling

Table 2 summarizes the 403GCX exception prior-
ities, types, and classes. Exceptions are gener-
ated by interrupts from internal and external
peripherals, instructions, the internal timer facility,
debug events or error conditions. Six external
interrupt signals are provided on the 403GCX:
one critical and five general-purpose, all individu-
ally maskable.

All exceptions fall into three basic classes: asyn-
chronous imprecise exceptions, synchronous
precise exceptions, and asynchronous precise
exceptions. Asynchronous exceptions are
caused by events external to processor execu-
tion, while synchronous exceptions are caused
by instructions.

Except for a system reset or machine check, all
403GCX exceptions are handled precisely. Pre-
cise handling implies that the address of the
excepting instruction (synchronous exceptions
other than system call) or the address of the next
sequential instruction (asynchronous exceptions
and system call) is passed to the exception han-
dling routine. Precise handling also implies that
all instructions prior to the excepting instruction
have completed execution and have written back
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their results.

Asynchronous imprecise exceptions include sys-
tem resets and machine checks. Synchronous
precise exceptions include most debug excep-
tions, program exceptions, data storage viola-
tions, TLB misses, system calls, and alignment
error exceptions. Asynchronous precise excep-
tions include the critical interrupt exception,
external interrupts, and internal timer facility
exceptions and some debug events.

Only one exception is handled at a time. If multi-
ple exceptions occur simultaneously, they are
handled in priority order.

The 403GCX processes exceptions as reset,
critical, or noncritical. Four exceptions are
defined as critical: machine check exceptions,
debug exceptions, exceptions caused by an
active level on the critical interrupt pin, and the
first time-out from the watchdog timer.

When a nongcritical exception is taken, special
purpose register Save/Restore 0 (SRRO0) is
loaded with the address of the excepting instruc-
tion (synchronous exceptions other than system
call) or the next sequential instruction to be pro-
cessed (asynchronous exceptions and system
call). If the 403GCX is executing a multicycle
instruction (load/store multiple, load/store string,
multiply or divide), the instruction is terminated
and its address stored in SRRO. Save/Restore

IBM PowerPC 403GCX

Register 1 (SRR1) is loaded with the contents of
the machine state register. The MSR is then
updated to reflect the new context of the
machine. The new MSR contents take effect
beginning with the first instruction of the excep-
tion handling routine.

At the end of the exception handling routine, exe-
cution of a return from interrupt (rfi) instruction
forces the contents of SRR0 and SRR1 to be
loaded into the program counter and the MSR,
respectively. Execution then begins at the
address in the program counter.

The four critical exceptions are processed in a
similar manner. When a critical exception is
taken, SRR2 and SRR3 hold the next sequential
address to be processed when returning from the
exception and the contents of the machine state
register, respectively. After the critical exception
handling routine, return from critical interrupt
(rfci) forces the contents of SRR2 and SRR3 to
be loaded into the program counter and the
MSR, respectively.

Timers

The 403GCX contains four timer functions: a
time base, a programmable interval timer (PIT), a
fixed interval timer (FIT), and a watchdog timer.
The time base is a 64-bit counter incremented at
the timer clock rate. The timer clock may be
driven by either an internal signal equal to the

Table 2. 403GCX Exception Priorities, Types and Classes

Priority Exception Type Exception Class
1 System Reset Asynchronous imprecise
2 Machine Check Asynchronous imprecise
3 Debug Synchronous precise
(except UDE and EXC)

4 Critical Interrupt Asynchronous precise

5 WatchdogTimer Time-out Asynchronous precise

6 Program Exception, Data Storage Exception, TLB Miss, and Synchronous precise

System Calis

7 Alignment Exceptions Synchronous precise

8 External Interrupts Asynchronous precise

9 Fixed Interval Timer Asynchronous precise
10 Programmabile Interval Timer Asynchronous precise
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processor clock rate or by a separate external
timer clock pin. No interrupts are generated when
the time base rolls over.

The programmable interval timer is a 32-bit regis-
ter that is decremented at the same rate as the
time base is incremented. The user preloads the
PIT register with a value to create the desired
delay. When the register is decremented to zeros,
the timer stops decrementing, a bit is setin the
timer status register (TSR), and a PIT interrupt is
generated. Optionally, the PIT can be pro-
grammed to reload automatically the last value
written to the PIT register, after which the PIT
begins decrementing again.The timer control
register (TCRY) contains the interrupt enable for
the PIT interrupt.

The fixed interval timer generates periodic inter-
rupts based on selected bits in the time base.
Users may select one of four intervals for the
timer period by setting the correct bits in the
TCR. When the selected bit in the time base
changes from O to 1, a bitis setinthe TSR and a
FIT interrupt is generated. The FIT interrupt
enable is contained in the TCR.

The watchdog timer generates a periodic inter-
rupt based on selected bits in the time base.
Users may select one of four time periods for the
interval and the type of reset generated if the
watchdog timer expires twice without an interven-
ing clear from software. If enabled, the watchdog
timer generates a system reset unless an excep-
tion handler updates the watchdog timer status
bit before the timer has completed two of the
selected timer intervals.

Serial Port

The 403GCX serial port is capable of supporting
RS5232 standard serial communication, as well as
high-speed execution (bit speed at a maximum of
one-sixteenth of the SysClk processor clock
rate). The serial clock which drives the serial port
can come from the internal SysCIk or an external
clock source at the external serial ciock pin (max-
imum of one-half the SysClk rate).

The 403GCX serial port contains many features
found only on advanced communications control-
lers, including the capability of being a peripheral
for DMA transfers. An internal loopback mode

6

supports diagnostic testing without requiring
external hardware. An auto echo mode is
included to retransmit received bits to the exter-
nal device. Auto-resynchronization after a line
break and false start bit detection are also pro-
vided, as well as operating modes that allow the
serial port to react to handshaking line inputs or
control handshaking line outputs without soft-
ware interaction. Program generation mode
allows the serial port transmitter to be used for
pulse width modulation with duty cycle variation
controlled by frame size, baud rate, and data pat-
tern.

JTAG Port

The JTAG port has been enhanced to aliow it to
be used as a debug port. Through the JTAG test
access port, debug software on a workstation
can single-step the processor and interrogate
internal processor state to facilitate software
debugging. The standard JTAG boundary-scan
register allows testing of circuitry external to the
chip, primarily the board interconnect. Alterna-
tively, the JTAG bypass register can be selected
when no other test data register needs to be
accessed during a board-level test operation.

Real-Time Debug Port

The real-time debug port supports tracing the
instruction stream being executed out of the
instruction cache in real time. The trace status
signals provide trace information while in real-
time trace debug mode. This mode does not alter
the performance of the processor.

P/N Code
Table 3. PPC403GCX Part Number
MHz Part Number

50 PPC403GCX-JA50C2
60 PPC403GCX-JA60C2

€6 PPC403GCXJA66C2A

Notes:

1. The dash number indicates the speed version.

2. The characters in the dash number indicate
package type (J), revision level (A), commercial ver-
sion (C), maximum internal CPU core clock rate (2
times the maximum extemnal bus clock rate) and
application relief (A).
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Logic Symbol

Signals in brackets are multiplexed.

SYSCLK
SERCLK
DSR[CTS)
DTRIRTS]
RECVD
XMITD

HOLDREQ

HOLDACK

BUSREQ/
[DMADXFER]

TIMERCLK

CINT
INTO

INT4

READY
BUSERROR

ERROR

RESET

BOOTW

TESTC/
[HOLDPRI]

TS0
TS
TS2

TS3[DP3]
TS4[DP2]

TS5[DP1]
TS6[DPO0}
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7
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Pin Functional Descriptions

Active-low signals are shown with overbars: DMARO. Multiplexed signals are alphabetized under the first
(unmultiplexed) signal names on the same pins. The logic symbol on the preceding page shows all
403GCX signals arranged by functional groups.

Table 4. 403GCX Signal Descriptions

Signal Name| Pin Tl\l[ge Function

A6 92 VO | Address Bus Bit 6. When the 403GCX is bus master, this is an
address output from the 403GCX. When the 403GCX is not bus
master, this is an address input from the external bus master, to
determine bank register usage.

A7 93 Ile] Address Bus Bit 7. See description of A6

A8 94 e Address Bus Bit 8. See description of A6

A9 95 110 Address Bus Bit9. See description of A6

A10 96 Vo Address Bus Bit 10. See description of A6

Al 97 1710 Address Bus Bit 11. See description of A6

A2 98 © Address Bus Bit 12. When the 403GCX is bus master, this is an
address output from the 403GCX.

A13 99 O Address Bus Bit 13. See description of A12

Al4 103 0] Address Bus Bit 14. See description of A12

A15 104 O Address Bus Bit 15. See description of A12

Al6 105 @) Address Bus Bit 16. See description of A12

A17 106 O Address Bus Bit 17. See description of A12

A18 107 (0] Address Bus Bit 18. See description of A12

A19 108 0O Address Bus Bit 19. See description of A12

A20 109 o Address Bus Bit 20. See description of A12

A21 110 o) Address Bus Bit 21. See description of A12

A22 12 /o Address Bus Bit 22. When the 403GCX is bus master, this is an
address output from the 403GCX. When the 403GCX is not bus
master, this is an address input from the external bus master, to
determine page crossings.

A23 113 /O Address Bus Bit 23. See description of A22

A24 114 110 Address Bus Bit 24. See description of A22

A25 115 Vo Address Bus Bit 25. See description of A22

A26 116 Vo Address Bus Bit 26. See description of A22

A27 117 /0 Address Bus Bit 27. See description of A22

A28 118 110 Address Bus Bit 28. See description of A22

8
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Table 4. 403GCX Signal Descriptions

Signal Name

Pin

Vo
Type

Function

A29

119

e

Address Bus Bit 29. See description of A22

AMuxCAS

139

o)

DRAM External Address Multiplexer Select. AMuxCAS controls
the select logic on an external multiplexer. If AMuxCAS is low, the
multiplexer should select the row address for the DRAM and when
AMuxCAS is 1, the multiplexer should select the column address.

BootwW

Boot-up ROM Width Select. BootW is sampled while the Reset pin
is active and again after Reset becomes inactive to determine the
width of the boot-up ROM. If this pin is tied to logic 0 when sampled
on reset, an 8-bit boot width is assumed. If BootW is tied to 1, a 32-
bit boot width is assumed. For 16-bit boot widths, this pin shouid be
tied to the RESET pin.

BusError

12

Bus Error Input. A logic 0 input to the BusError pin by an external
device signals to the 403GCX that an error occurred on the bus
transaction. BusError is only sampled during the data transfer cycle
or the last wait cycle of the transfer.

BusReq/
DMADXFER

135

Bus Request. While HoldAck is active, BusReq is active when the
403GCX has a bus operation pending and needs to regain control of
the bus.

DMA Data Transfer. When HoldAck is not active, DMADXFER indi-
cates a valid data transfer cycle. For DMA use, DMADXFER controls
burst-mode fly-by DMA transfers between memory and peripherals.
DMADXFER is not meaningful unless a DMA Acknowledge signal
(DMAAG:3) is active. For transfer rates slower than one transfer per
cycle, DMADXFER is active for one cycle when one transfer is com-
plete and the next one starts. For transfer rates of one transfer per
cycle, DMADXFER remains active throughout the transfer.

142

DRAM Column Address Select 0. TASO is used with byte 0 of all
DRAM banks.

143

DRAM Column Address Select 1. TAST is used with byte 1 of all
DRAM banks.

144

DRAM Column Address Select2. TAS2 is used with byte 2 of all
DRAM banks.

145

DRAM Column Address Select 3. TAS3 is used with byte 3 of all
DRAM banks.

36

Critical Interrupt.  To initiate a critical interrupt, the user must main-
tain a logic 0 on the CINT pin for a minimum of one SysClk clock
cycle followed by a logic 1 on the CINT pin for at least one SysClk
cycle.

| 4

155

SRAM Chip Select 0. Bank register 0 controls an SRAM bank,
CS0 is the chip select for that bank.

0
@

154

SRAM Chip Select1. See description of CS0 but controls bank 1.
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Table 4. 403GCX Signal Descriptions

Signal Name| Pin nge Function

CSs2 153 0 SRAM Chip Select2. See description of CS0 but controls bank 2.

Cs3 152 (0] SRAM Chip Select 3. See description of CS0 but controls bank 3.

CS4/RAS3 | 151 (0] Chip Select 4/ DRAM Row Address Select 3. When bank register
4 is configured to control an SRAM bank, TS4/RAS3 functions as a
chip select. When bank register 4 is configured to control a DRAM
bank, CTS4/RAS3 is the row address select for that bank.

CS5/RASZ | 148 (0] Chip Select 5/ DRAM Row Address Select2. See description of
CS4/RAS3 but controls bank 5.

CS6/RAST |147 o Chip Select 6/ DRAM Row Address Select 1. See description of
CS4/RAS3 but controls bank 6.

CS7/RAS0  |146 (o] Chip Select 7/ DRAM Row Address Select 0. See description of
CS4/RAS3 but controls bank 7.

DO 42 110 Data bus bit 0 (Most significant bit)

D1 43 7{®) Data bus bit1

D2 44 Vo Data bus bit 2

D3 45 1o Data bus bit 3

D4 46 /1O Data bus bit 4

DsS 47 I{e] Data bus bit 5

D6 48 170 Data bus bit 6

D7 51 Ile] Data bus bit 7

D8 52 Vo Data bus bit 8

D9 53 110 Data bus bit 9

D10 54 1O Data bus bit 10

D11 55 1O Data bus bit 11

D12 56 /0 Data bus bit 12

D13 57 /0 Data bus bit 13

D14 58 17O Data bus bit 14

D15 62 170 Data bus bit 15

D16 63 11O Data bus bit 16

D17 64 110 Data bus bit 17

D18 65 1O Data bus bit 18

D1g 66 1O Data bus bit 19

D20 67 170 Data bus bit 20

D21 68 /o Data bus bit 21

10
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Table 4. 403GCX Signal Descriptions

Vo

Signal Name| Pin Type Function

D22 71 110 Data bus bit 22

D23 72 1o Data bus bit 23

D24 73 YO Data bus bit 24

D25 74 e} Data bus bit 25

D26 75 J{0] Data bus bit 26

D27 76 o Data bus bit 27

D28 77 I[®] Data bus bit 28

D29 78 110 Data bus bit 29

D30 79 o) Data bus bit 30

D31 82 o Data bus bit 31

DMAAOD 156 0 DMA Channel 0 Acknowledge. DMAAD has an active level when a
transaction is taking place between the 403GCX and a peripheral.

DMAA1 157 O DMA Channel 1 Acknowledge. See description of DMAAGO.

DMAAZ 158 o) DMA Channel 2 Acknowledge. See description of DMAAG.

—-CRQXAAS / 159 0o DMA Channel 3 Acknowledge / External Master Transfer Acknowl-
edge. When the 403GCX is bus master, this signal is DMAA3; see
description of DMAAO. When the 403GCX is not the bus master, this
signal is XACK, an output from the 403GCX which has an active
level when data is valid during an external bus master transaction.

DMARO 2 1 DMA Channel 0 Request. External devices request a DMA trans-
fer on channel 0 by putting a logic 0 on DMARO.

DMAR1 3 1 DMA Channel 1 Request. See description of DMARG

DMARZ 1 DMA Channel 2 Request. See description of DMARO

DMAR3/ 5 | DMA Channel 3 Request. When the 403GCX is the bus master,

XREQ external devices request a DMA transfer on channel 3 by putting a
logic 0 on DMAR3. See description of DMARO.

When the 403GCX is not the bus master, DMARS is used as the
XREQ input. The external bus master places a logic 0 on XREQ to
initiate a transfer to the DRAM controlled by the 403GCX DRAM
controller.

DRAMOE 137 O DRAM Output Enable.  DRAMOE has an active level when either
the 403GCX or an external bus master is reading from a DRAM
bank. This signal enables the selected DRAM bank to drive the data
bus.

DRAMWE 138 O DRAM Write Enable. DRAMWE has an active level when either
the 403GCX or an external bus master is writing to a DRAM bank.

11
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Table 4. 403GCX Signal Descriptions

Signal Name

Pin

Vo
Type

Function

DSR/CTS

28

Data Set Ready/ Clear to Send. The function of this pin as either
DSR or CTS is selectable via the Serial Port Configuration bit in the
IOCR.

DTR/RTS

88

Data Terminal Ready /Request to Send. The function of this pin as
either DTR or RTS is selectable via the Serial Port Configuration bit
in the IOCR.

EOTO/TCO

128

IO

End of Transfer 0 / Terminal Count 0. The function of the EQT0/
TCO is controlled via the EOT/TC bit in the DMA Channel 0 Control
Register. When EOTO/TCO is configured as an End of Transfer pin,
external users may stop a DMA transfer by placing a logic 0 on this
input pin. When configured as a Terminal Count pin, the 403GCX
signals the completion of a DMA transfer by placing a logic 0 on this
pin.

EOT1/TCT

131

/o]

End of Transfer 1 / Terminal Count 1. See description of EOTO/TCO

EOT2/TC2

132

le}

End of Transfer 2 / Terminal Count 2. See description of EOT0/TCO

EOT3/TC3/
X8ize0

133

e}

End of Transfer 3 / Terminal Count 3 / External Master Transfer Size
0.When the 403GCX is bus master, this pin has the same function
as EOTO/TCO.

When the 403GCX is not bus master, EOT3/TC3/XSize0 is used as
one of two external transfer size input bits, XSize0:1.

Error

136

System Error.  Error goes to a logic 1 whenever a machine check
error is detected in the 403GCX. The Error pin then remains a logic
1 until the machine check error is cleared in the Exception Syn-
drome Register and/or Bus Error Syndrome Register.

12
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Table 4. 403GCX Signal Descriptions

Signal Name | Pin nge Function
1 Ground. All ground pins must be used.
10 Ground. All ground pins must be used.
15 Ground. All ground pins must be used.
29 Ground. All ground pins must be used.
30 Ground. All ground pins must be used.
41 Ground. All ground pins must be used.
50 Ground. All ground pins must be used.
59 Ground. All ground pins must be used.
60 Ground. All ground pins must be used.
GND 70 Ground. All ground pins must be used.
81 Ground. All ground pins must be used.
90 Ground. All ground pins must be used.
101 Ground. All ground pins must be used.
102 Ground. All ground pins must be used.
111 Ground. All ground pins must be used.
121 Ground. All ground pins must be used.
130 Ground. All ground pins must be used.
141 Ground. All ground pins must be used.
150 Ground. All ground pins must be used.

Halt 9 [ Halt from external debugger, active low.

HoldAck 134 o) Hold Acknowledge. HoldAck outputs a logic 1 when the 403GCX
relinquishes its external buses to an external bus master. HoldAck
outputs a logic 0 when the 463GCX regains control of the bus.

HoldReq 14 | Hold Request. External bus masters can request the 403GCX bus
by placing a logic1 on this pin. The external bus master relinquishes
the bus to the 403GCX by deasserting HoldReq.

INTO 31 | Interrupt 0. INTO is an interrupt input to the 403GCX and users
may program the pin to be either edge-triggered or level-triggered
and may also program the polarity to be active high or active low.
The IOCR contains the bits necessary to program the trigger type
and polarity.

INT1 32 | Interrupt 1. See description of INTO

INT2 33 I Interrupt 2. See description of INTO

INT3 34 I Interrupt 3. See description of INTO

INT4 35 | Interrupt 4. See description of INTO

13
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Table 4. 403GCX Signal Descriptions

1o

Signal Name| Pin Function
9 Type

IVR 39 1 Reserved for manufacturing test. Tied high for normal operation.

OE / XSize1/ | 126 O/I/O | Output Enable / External Master Transfer Size 1 /BLast. When the

BLast 403GCX is bus master, OE enables the selected SRAMs to drive the
data bus. The timing parameters of OE relative to the chip select,
CS, are programmable via bits in the 403GCX bank registers.
When the 403GCX is not bus master, OE/XSize1 is used as one of
two external transfer size input bits, XSize0:1
In Byte Enable mode, Burst Last (BLast) goes active to indicate the
last ransfer of a memory access, whether burst or nonburst.

Ready 13 | Ready. Ready is used to insert externally generated (device-
paced) wait states into bus transactions. The Ready pin is enabled
via the Ready Enable bitin 403GCX bank registers.

RecvD 27 | Saerial Port Receive Data.

Reset 91 1o Reset. A logic O input placed on this pin for SysClk cycle causes

the 403GCX to begin a system reset. When a system reset is
invoked, the Reset pin becomes a logic 0 output for SysClk cycles.

R/W 127 Yo Read /Write. When the 403GCX is bus master, R/W is an output
which is high when data is read from memory and low when data is
written to memory. R/W is driven with the same timings as the
address bus.

When the 403GCX is not bus master, RW is an input from the
external bus master which indicates the direction of data transfer.

SerClk 26 | Serial Port Clock. Through the Serial Port Clock Source bit in the
Input/Output Configuration register (IOCR), users may choose the
serial port clock source from sither the input on the SerClk pin or
processor SysClk. The maximum allowable input frequency into Ser-
Clk is half the SysClk frequency.

SysCik 22 ! SysClk is the processor system clock input. SysClk supports a 50/
50 duty cycle clock input at the rated chip frequency. The 403GCX
can also be programmed to operate at a 2X internal clock rate while
the external bus interface runs at the SysClk input rate.

TCK 6 ! JTAG Test Clock Input. TCK is the clock source for the 403GCX
test access port (TAP). The maximum clock rate into the TCK pin is
one half of the processor SysCIk clock rate.

TDI 8 | Test Data in. The TDI is used to input serial data into the TAP.
When the TAP enables the use of the TDI pin, the TDI pin is sampled
on the rising edge of TCK and this data is input to the selected TAP
shift register.

TDO 16 0 Test Data Output. TDO is used to transmit data from the 403GCX
TAP. Data from the selected TAP shift register is shifted out on TDO.
TestA 23 I Reserved for manufacturing test. Tied low for normal operation,
TestB 24 | Reserved for manufacturing test. Tied high for normal operation.
14
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Table 4. 403GCX Signal Descriptions

Vo

Signal Name| Pin T Function
ype
;e.StC/ Hold- |37 ' TestC. Reserved for manufacturing test during the reset interval.
n While Reset is active, this signal should be tied low for normal

operation.
HoldReq Priority. When Reset is not active, this signal is sampled
to determine the priority of the external bus master signal HoldReq.
If HoldPri = 0 then the HoldReq signal is considered high priority,
otherwise HoldReq is considered low priority.

TestD 38 1 Reserved for manufacturing test. Tied low for normal operation.

TimerClk 25 | Timer Facility Clock. Through the Timer Clock Source bit in the

Input/Output Configuration register (IOCR), users may choose the
clock source for the Timer facility from either the input on the Timer-
Clk pin or processor SysClk. The maximum input frequency into
TimerCik is half the SysClk frequency.

TMS 7 | Test Mode Select. The TMS pin is sampled by the TAP on the ris-
ing edge of TCK. The TAP state machine uses the TMS pin to deter-
mine the mode in which the TAP operates.

TSO 17 (0] Trace Status 0
TS1 18 O Trace Status 1
TS2 19 (o) Trace Status 2

TS3/DP3 86 O//O | Trace Status 3 / Data Parity 3. When parity checking and generation
are enabled, this signal represents odd parity for read/write opera-
tions using byte 3 (D24:31) of the data bus. The Parity Error status
bit is set in the BESR when a parity error is detected.

TS4/DP2 85 OMNO | Trace Status 4 / Data Parity 2 for byte 2 (D16:23). See TS3/DP3
description above.

TS5/DP1 84 O/I/O | Trace Status 5 / Data Parity 1 for byte 1 (D8:15). See TS3/DP3
description above.

TS6/DPO 83 ON/O | Trace Status 6 / Data Parity O for byte 0 (D0:7). See TS3/DP3
description above.

15
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Table 4. 403GCX Signal Descriptions

Signal Name| Pin TI)I(ge Function
20 Power. All power pins must be connected to 3.3V supply.
21 Power. All power pins must be connected to 3.3V supply.
40 Power. All power pins must be connected to 3.3V supply.
49 Power. All power pins must be connected to 3.3V supply.
61 Power. All power pins must be connected to 3.3V supply.
69 Power. All power pins must be connected to 3.3V supply.
80 Power. All power pins must be connected to 3.3V supply.

Voo 89 Power. All power pins must be connected to 3.3V supply.
100 Power. All power pins must be connected to 3.3V supply.
120 Power. All power pins must be connected to 3.3V supply.
129 Power. All power pins must be connected to 3.3V supply.
140 Power. All power pins must be connected to 3.3V supply.
149 Power. All power pins must be connected to 3.3V supply.
160 Power. All power pins must be connected to 3.3V supply.

WBEOG/A4/ 122 oN/o

Write Byte Enable 0 / Address Bus Bit 4 / Byte Enable 0. When the
403GCX is bus master, the write byte enable outputs, WBE(:3,
select the active byte(s) in a memory write access to SRAM.

The byte enables can also be programmed as read/write byte
enables, depending on the mode set in the IOCR. Note 4 on page
34 summarizes the functional and timing differences in these signals
when programmed as read/write byte enables.

For 8-bit memory regions, WBE2 and WBE3 become address bits
30 and 31 and WBEOQ is the byte-enable line. For 16-bit memory
regions, WBE2 and WBES3 become address bits 30 and 31 and
WBEO and WBET are the high byte and low byte enables, respec-
tively. For 32-bit memory regions, WBEOQ:3 are byte enables for
bytes 0-3 on the data bus, respectively. When the 403GCX is not
bus master, WBEO:1 are used as the A4:5 inputs (for bank register
selection) and WBEZ2:3 are used as the A30:31 inputs (for byte
selection and page crossing detection).

ey
M
O

WBE1/A5/ (123 O//O | Write Byte Enable 1/ Address Bus Bit5/ Byte Enable 1. See

E1 description of WBEG / A4 above.
WBEZ2/A30/ | 124 O//O | Write Byte Enable 2 / Address Bus Bit 30 / Byte Enable 2. See
E2 description of WBEO / A4 above
WBE3/A31 [125 O/l/O | Write Byte Enable 3 / Address Bus Bit 31 / Byte Enable 3. See
BE3 description of WBEOQ / A4 above
XmitD 87 0] Serial port transmit data
16
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Table 5. Signals Ordered by Pin Number

Pin| Signal Names | Pin |Signal Names| Pin 3;?::; Pin SL?::; Pin Signal Names
1 |GND 33 |INT2 65 {D18 97 A1 129 | Vpp
2 |DMARDO 34 |INT3 66 | D19 98 A12 130 {GND
3 |DMART 35 |INT4 67 | D20 99 A13 131 |EOTIACT
4 |DMAR2 36 |CINT 68 | D21 100 | Vpp 132 | EOT2/TC2
5 |DMAR3/XREQ | 37 | TestC/HoldPri | 69 |Vpp 101 |GND 133 | EOT3/TC3/XSize0
6 | TCK 38 | TestD 70 |GND 102 |GND 134 | HoldAck
7 | TMS 39 |IVR 71 (D22 103 [A14 135 gﬁ:DﬂXF 5
8 | TDI 40 | Vpp 72 | D23 104 |A15 136 | Error
9 |Halt 41 |GND 73 | D24 105 [A16 137 | DRAMOE
10 | GND 42 | DO 74 | D25 106 (A17 138 | DRAMWE
11 | BootW 43 | D1 75 | D26 107 [A18 139 | AMuxCAS
12 | BusError 44 | D2 76 | D27 108 | A19 140 {Vpp
13 | Ready 45 (D3 77 D28 109 (A20 141 |GND
14 | HoldReqg 46 | D4 78 | D29 110 [ A21 142 |CASO
15 | GND 47 {D5 79 1 D30 111 |GND 143 |CAST
16 | TDO 48 | D6 80 | Voo 112 A22 144 |CASZ
17 | TSO 49 |Vpp 81 |GND 113 | A23 145 |CAS3
18 | TSt 50 |GND 82 D31 114 1 A24 146 |CS7/RAS0
19| TS2 51 |D7 83 | TS6/DPO 115 [A25 147 |CS6/RAST
20 | Vpp 52 | D8 84 |TSS/DP1 | 116 |A26 148 | CS5/RAS2
21 |Vpp 53 | D9 85 |TS4/DP2 | 117 |A27 149 |Vpp
22 | SysClk 54 1 D10 86 | TS3/DP3 | 118 | A28 150 | GND
23 | TestA 55 | D11 87 | XmitD 119 | A29 151 |CS4/RAS3
24 | TestB 56 | D12 88 |DTR/HTS | 120 | Vpp 152 |CTS3
25 | TimerClk 57 |D13 89 |Vpp 121 |GND 153 |CS2
26 | SerClk 58 {D14 90 |GND 122 | WBEO/A4/ 154 {CST

BED
27 | RecvD 59 |GND 91 | Reset 123 | WBE1/A5/ 155 | CS0

BET
28 |DSR/CTS 60 | GND 92 |AB 124 \éV_EBEZ/ASOI 156 | DMAAO

2

29 |GND 61 | Vpp 93 |A7 125 ‘é_VEBTsES/Am 157 | DMAA1
30 | GND 62 |D15 94 | A8 126 | OE/XSize1/ | 158 | DMAAZ

Blast
31 [INTO 63 | D16 95 | A9 127 |[RW 159 | DMAA3 / XACK
32 [ INT1 64 |D17 96 |A10 128 |EOTO/TCO | 160 (Vpp

* M 900kl4b 0009k2L LT N
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PQFP Mechanical Drawing (Top View)
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Package Thermal Specifications

The 403GCX is designed to operate within the
case temperature range from 0°C to 120°C. Ther-
mal resistance values for the 160 PQFP are
shown in Table 6:

Table 6. Thermal Resistance ("C/Watt)

Airflow-ft/min (m/sec)
Parameter 0 100 200
0 (0.51) (1.02)

IBM PowerPC 403GCX

Operating Conditions

The 403GCX can interface to either 3V or 5V
technologies. The range for supply voltages is
specified for five-percent margins relative to a
nominal 3.3V power supply.

Device operation beyond the conditions specified
in Table 8 is not recommended. Extended opera-
tion beyond the recommended conditions may
affect device reliability:

Table 8. Operating Conditions

0,¢c Junction to case 2 2 2

Symbol Parameter Min Max Unit

6cs Casetoambient 372 316 29.8
(without heatsink)

Notes:

1. Case temperature Tmg is measured at top center of
case surface with device soldered to circuit board.

2. Tmy = Tmg —~ PXO,, where Tmy is ambient tem-
perature.

3. Tmgpax = TMypyax — PXOc, where Tmyy,,, is maxi-
mum junction temperature and P is power con-
sumption.

4. The above assumes that the chip is mounted on a
card with at least one signal and two power planes.

ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

The absolute maximum ratings in Table 7 below
are stress ratings only. Operation at or beyond
these maximum ratings may cause permanent
damage to the device.

Table 7. 403GCX Maximum Ratings

Parameter Maximum Rating
Supply voltage with -0.5V to +3.8V
respect to GND
Voltage on other pins -0.5V to +5.5V

with respect to GND

Case temperature under 0°Cto +120°C

bias

Storage temperature -65°C to +150°C

Vpn  Supply voltage:
403GCX-JA50/60 3.14 347 V

403GCXJAB6A 3.30 347

Fe Clock frequency:
403GCX-JA50 24 25 MHz
403GCX-JA60 29 30

403GCXJABBA 32 33

Tme Case temperature under bias
403GCX-JA50/60 0] 85 °C
403GCXJAG6A 0 70

Power Considerations

Power dissipation is determined by operating fre-
quency, temperature, and supply voltage, as well
as external source/sink current requirements.
Typical power dissipation is 0.34 W at 25/50 or
0.42 W at 33/66 MHz, Tm¢ = 55 °C, and

Ve = 3.3V, with an average 10pF capacitive
load.

Derating curves are provided in the section, “Out-

put Derating for Capacitance and Voltage," on
page 26.

Recommended Connections

Power and ground pins should all be connected
to separate power and ground planes in the cir-
cuit board to which the 403GCX is mounted.
Unused input pins must be tied inactive, either
high or low.

19
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DC Specifications
Table 9. 403GCX DC Characteristics
Symbol Parameter Min Max Units
Vi Input low voltage (except for SysClk) GND - 0.1 0.8 A
Viee Input low voltage for SysClk GND - 0.1 0.8 A
Vi Input high voltage (except for SysClk) 2.0 51 A
Ve Input high voltage for SysClk 2.0 51 A
Vo Output low voltage 0.4 \
Vou Output high voltage 24 Voo Vv
lon Output high current 2 mA
loL Output low current 4 mA
Iy Input leakage current 50 HA
Lo Output leakage current 10 UA
Supply current (e pmax at Foore 0f 50MHZ) 200 mA
lee Supply current (g pax at Foore ©f 60MHZ) 260 mA
Supply current (I pmax at Feere Of 66MHZ) 260 mA
Notes:

1. The 403GCX drives its outputs to the level of Vpp, and, when not driving, the 403GCX outputs can be pulled up to
5V by other devices in a system.

2. lcc max is measured at worst-case recommended operating conditions for temperature, frequency and voltage a
specified in Table 8 on page 19, and a capacitive load of 50 pF.

Table 10. 403GCX |/O Capacitance

Symbol Parameter Min Max Units
Cin Input capacitance (except for SysClk) 5 pF
Cinc  Input capacitance for SysClk 15 pF
Cour  Output capacitance’ 7 pF
Cuo I/0 pin capacitance 8 pF
Note:

1. Co, is specified as the load capacitance of a floating output in high impedance.
AC Specifications

Clock timing and switching characteristics are specified in accordance with

recommended operating conditions in Table 8. AC specifications are tested at Output

Vpp = 3.14V and T, = 85°C with the 50pF test load shown in the figure at Pin l

right. Derating of outputs for capacitive loading is shown in the figure "Output c

Derating for Capacitance and Voltage," on page 26. l t
Cy =50 pf for all signals

20

I 900bkl4b 0009L29 305 A




SysClk Timing

IBM PowerPC 403GCX

Table 11. 403GCX System Clock Timing
25 MHz 30 MHz 33 MHz
Symbol Parameter Units
Min Max Min Max Min Max
Fe SysClk clock input frequency 24 25 29 30 32 33 MHz
Tc SysClIk clock period 40.0 4.7 33.3 34.5 30.0 31.3 ns
Tes  Clock edge stability’ 0.2 0.2 0.2 ns
Ten  Clock input high time 16 13 13 ns
Ter  Clock input low time 16 13 13 ns
Tecr  Clock input rise time? 0.5 25 0.5 25 05 25 ns
Ter  Clock input fall time? 0.5 2.5 0.5 2.5 0.5 25 ns
Notes:
1. Cycle-to-cycle jitter allowed between any two edges.
2. Rise and fall times measured between 0.8V and 2.0V.
Timer Clock and Serial Port Timing Characteristics
Table 12. 403GCX Timer Clock and Serial Clock Timings
Symbol Parameter Min Max Units
Fsc TimerClk, SerClk input frequency 0.5F¢ MHz
Tgc TimerClk, SerClk period 2T¢ ns
Tscn  TimerClk, SerClk input high time 1/Fc ns
Tsc  TimerClk, SerClk input low time 1/Fe ns

Notes:

1. Maximum input frequency of TimerClk and SerClk must be less than or equal to half of SysClk input frequency
2. TimerClk and SerClk input high times must be greater than or equal to SysClk period Te.
3. TimerClk and SerClk input low times must also be greater than or equal to SysClk period Te.

B 900bl4t 0009L30 027 WA
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Table 13. 403GCX Serial Port Output Timings

25 MHz 30 MHz 33 MHz
Symbol Parameter Units

Toumin Tovmax Toumin Tovmax Tommin Tovmax

Ton, Tov Output hold, output valid

Torn, Tovs DTRATS 14 13 13 ns
Totz, Tova XmitD 12 11 11

Note:
1. Output times are measured with a standard 50 pF capacitive load, unless otherwise noted.

Input Setup and Hold Waveform

(o

@
\\\ \xi\ V:LID \\R\\\\ E
M'N @MlN E

1 VALID

inputs

Data Bus
D0:31
(Inputs)

CASO:3
Outputs

Notes:

1. The 403GCX may be programmed to latch data from the data bus with respect to SysClk, or with respect to TAS.
When bit 26 of the I/O control register (IOCR) is set to 1, the 403GCX is programmed to latch data on the rise of
CAS. When bit 16 of the IOCR is set to 1, the 403GCX is programmed to latch data on either the fall of CAS or the
fall of SysClIk, depending on the parameters set in the bank register and the type of transfer. When neither of these
special modes are set, the 403GCX will latch data on the rise of SysClk.

2. Tcasecik 2 13.5 ns. The capacitive load on the TAS outputs must not delay the CAS transition such that the
period from the CAS data latching edge to the next SysClk rising edge becomes less than 13.5 ns. The maximum
value of CAS capacitive loading can be determined by using the output time for CAS from Table 16 on page 25,

and applying the appropriate derating factor for your application. See the figure, "Output Derating for Capacitance
and Voltage," on page 26.
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All T\ and Ty timings in Table 14 are specified with respect to the rise of the external SysClk signal.

Internal system clocks are duty-cycle corrected so the falling edge of the external SysClk signal may not
be the same as the falling edge of the internally corrected system clock.

Table 14. 403GCX Synchronous Input Timings

25 MHz 30 MHz 33 MHz
Symbol Parameter Units
Min Max Min Max Min ax

Ts Input setup:

Tis1 A4:11,A22:31 3 3 3
Tisz BusError 5 5 5
Tisa D0:31 (to SysClk) 4 4 4
Tiseno DO:31 (to SysClk) 24 21 19
Tiscas D0:31 (o CAS) 3 3 3
Tisa HoldPri 3 3 3 ns
Tiss HoldReq 3 3 3
Tiss RW 3 3 3
Tis7 Ready 6 5 5
Tiss Ready(SOR mode) 12 11 11
Tise XReq 5 4 4
Tisto XSize0:1 4 3 3
Ty Input hold:

Ty A4:11,A22:31 2 2 2
Tihz BusError 2 2 2
TiHa DO0:31 (after SysClk) 3 3 3
TiHEDO D0:31 (after SysClk) -17 -14 -12
Tihcas D0:31 (after m) 3 3 3
TiHa HoldPri 2 2 2 ns
TIH5 HO'dReq 2 2 2
™ RW 2 2 2
Tz Ready 2 2 2
Tine Ready(SOR mode) 2 2 2
Tihe XReq 2 2 2
TIH10 XSize0:1 2 2 2

Tr,Tr  Input rise/fall time 0.5 25 05 2.5 0.5 2.5 ns

Note:

1. Parity setup and hold times are the same as for the data bus.

2. For detailed EDO DRAM timing waveforms, refer to "EDO DRAM 2-1-1-1 Burst Read Followed by Single Transfer
Read,” on page 38 and "EDO DRAM 3-1-1-1 Burst Read Followed by Single Transfer Read," on page 40.
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Table 15. 403GCX Asynchronous Input Timings

25 MHz 30 MHz 33 MHz
Symbol Parameter Units
Min Max Min Max Min Max
Tis Input setup time
Tis11 DMARO:3 3 3 3
T|s1 2 EG I 0:3 3 3 3 ns
Tis13 HALT 3 3 3
TIS14 INTO:4 6 5 5
Tists Ready 6 5 5
TiH Input hold time
Tihto CINT Tc Tc Tc
Ti11 DMARG:1 Te Tc Tc
T|H12 EUI 0:1 TC TC TC
T|H13 HALT Te TC Tc
T|H14 INTO:4 TC TC Tc
Tis Reset Note 1, Note 1, Note 1,
Tie Ready 2 2 2
Tc Tc Tc

Notes:

1. During a system-initiated reset, Reset must be taken low for a minimum of eight SysClk cycles.
2. The BootW input has a maximum rise time requirement of 10 ns when it is tied to Resst.
3. Input hold times are measured at 3.47V and T = 10°C.

Output Delay and Float Timing Waveform
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All Toy and Ty timings in Table 16 are specified with respect to the rise of the extemnal SysClk signal.
Internal system clocks are duty-cycle corrected so the falling edge of the external SysClk signal may not
be the same as the falling edge of the internally corrected system clock. Ton/Tovyxr SPecifications are for
signals which transition relative to the rising edge of SysClk, while Top/Tovx apply to falling edge tran-

sitions. Refer to the appropriate timing diagram to determine the appropriate clock edge for signal transi-
tions.

Table 16. 403GCX Synchronous Qutput Timings

25 MHz 30 MHz 33 MHz
Symbol Parameter Units
Toumin Tovmax Tonmin Tovmax Tormin Tovmax
Ton Toy Quiput hold, output valid
oo oH1r, Tovir A6:312 3 11 3 10 3 10
Torn, Tovst A6:312 o3 31 20 27 18 25
Totz, Tova AMuxCAS 3 10 3 9 3 9
Tons, Tova BusReq 3 11 3 10 3 10
Tonae, Tovar CASO:E 4 11 4 10 4 10
Tonat, Tovat CASO:3 24 31 21 27 19 25
Tous, Tovs CS80:7 3 10 3 9 3 9
Tons, Tove D031 3 14 3 13 3 13
Iom, $0v7 DMlil\lg/)\(égg 3 10 3 9 3 9
OHs, 'ove 3 11 3 10 3 10
Toner, Tover DRAMOE? 3 10 3 9 3 9
Towat, Tovet DRAMOE? 23 30 20 26 18 24
Tor1o, Tovio DRAMW 3 10 3 9 3 9 ns
TOH11, Tovi1 Error 3 11 3 10 3 10
Tohiz, Toviz HoldAck 3 11 3 10 3 10
Ton1z, Tovia OE 3 1 3 10 3 10
Torar, Toviar RASO3(mon)* 23 30 20 27 18 25
Tomtar, Toviar RASO:3(um-off)* 3 10 3 10 3 10
Totts, Tovis RASO:3(Early, tum-on)®> 14 21 11 20 11 19
Ton1s, Tovie Reset 3 12 3 11 3 11
Toniz, Toviz RW g3 10 3 e} 3 9
Toris, Tovia TCO3 3 11 3 10 3 10
Toris, Tovis Parity(DMA)® 4 17 4 16 4 16
Tonzo, Tovze WBEO:3(BEQ:3) 3 10 3 9 3 9
Totz1, Tovat XAck 3 12 3 11 3 11
Tonze, Tovez BLAST 4 18 4 17 4 17
Tor Output float time Min Max Min Max Min Max
Tors A6:31 2 8 2 8 2 8
Tors Cs07 3 10 3 10 3 10
Tors D0:31 3 10 3 10 3 10
Tora OFE 3 9 3 9 3 9
Tors Reset 2 9 2 9 2 9 ns
Tore RW 3 9 3 9 3 9
Torr WBEO3(BEO:3) 3 9 3 9 3 9
Tors RASO3 3 10 3 10 3 10
Tors CASO3 3 10 3 10 3 10
Torto DRAMOE 3 9 3 9 3 9
Tor11 DRAMWE 3 9 3 9 3 9
25
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Table 16. 403GCX Synchronous Output Timings

25 MHz 30 MHz 33 MHz
Symbol Parameter Units
Toumin TovMax Tormin Tovmax ToHmin TovmMax
T Available CAS Min Max Min Max Min Max
CAS accesstime

2-1-1-1 access 0.5T¢ -2.5 0.5T¢-2.5 0.5T¢ -2.56 ns
3-2-2-2 access 15T -2.5 1.5T¢-2.5 1.5T¢g-25
3-1-1-1 access 0.5T¢-2.5 0.5T¢ -2.5 0.5T¢ -2.5

Notes:

1. For all output timing, Toy and Ty are relative to the rising edge of SysClk.

2. For detailed EDO DRAM timing waveforms, refer to "EDO DRAM 2-1-1-1 Burst Read Followed by Single Transfer
Read," on page 38 and "EDO DRAM 3-1-1-1 Burst Read Followed by Single Transfer Read,” on page 40.

3. In early RAS mode, the RAS output delay varies with the 403GCX operating frequency. Use the following equation
to determine the worst-case output delay for this signal: ToyMax = 11 ns + Tc/4; TgMin remains unchanged. Valid

for Tc greater than 30 ns and less than 80 ns.

oo h

measured as Toymi, at 3.47V and Tj=10°C.

Output Derating for Capacitance and Voltage

Derating Equations for Output Delays:

1. Atpy(Cy, V) = tPiiac + tPuiav
2. Atpy (CL, V) = tPuiac + tPriav

3. Atpsv(Cy, V) = tPziac + tPhiav

26

A Output Delay (ns)

+20

+10

In normal RAS mode, Ty timing varies with frequency: Tovmax = 10 ns + 0.5 T¢. Topmin is unchanged.
Parity timings are for DMA buffered mode. For normal memory accesses, use the above data bus timings for parity.
Output times are measured with a standard 50 pF capacitive load, unless otherwise noted. Output hold times are

Output Propagation Delay Derating

Note: Test Conditions
Vi=15VatT;=85C

thLAC =0.14 C|_ -1.2ns
(from 5.5V)

PHLAC=0.06 C_ -2.3ns
o

ey
e

,///
/ PLHAC = 0.04 G- 1.9ns
|

=

50 100
CL (pF)

150
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Output Propagation Delay Derating vs Output Voltage Level

A Output Delay (ns)

+6 T Note: Test condition T; = 85°C
\{pHLAV (CL =100 pF)
\\ tpLHAY (CL = 100 pF)

R /
tooL /

‘PHLA\\‘)\(CL = /
\ \ / PLrAv (C = 50pF)
N f
+2 4 N\
\\ \ ///
\ \ //
\ i/
oAy (CL = 25\th\ / / o Ay (CL =25 pF)
0 L1
0 15 3
Vou (V)

Output Rise and Fall Time Derating

Output Transition Time Derating

Derating Equations for Output

R - te: ti
Rise and Fall Times: Note: Test Conditions .
V,=0.8V 102V at T;=85'C
4.tx(Cp) = 2ns + tp;ac
5.1:(C) = 2.5ns + tpjpc +6 |-
tprAC
F) “or triac
S !
.‘tﬁ
[ =
) +2 o
==
=
Q.
=]
(0]
< 0 -
'2 1 L L
0 50 100 150

G (pF)

B 900bl4k 0009L3b 545 EE
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Output Voltage vs Output Current

3s |
06 L
- ~ 3L
S =
c
g b=
= 03 | 3
> =
25 |
0 A Il 'l L 2 L rl
0 1 2 3 4 0 1 2
loL (MA) low (MA)
Note: Test conditions 3.14V at T; =85°C
28
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Supply Current vs Operating FrequencyReset and HoldAck
The following table summarizes the states of signals on output pins when Reseét or HoldAck is active.

Table 17. Signal States During Reset or Hold Acknowledge

Signal Names State When Reset Active State When HoldAck Active
A:29 Floating Floating (set to input mode)
AMuxCAS Inactive (low) Operable (see note 1)
BusReq Inactive (low) Operable (see note 1)
CAS0:3 Inactive (high) Operable (see notes 1 and 2)
C30:3 Floating Floating
CS:7/RAS:0 Floating TS floating, RAS operable (note 1)
D0:31 Floating Floating (external master drives bus)
DMAAO:3 Inactive (high) Inactive (high)
XAck Inactive (high) Operable (see note 1)
DRAMOE Inactive (high) Operable (see note 1)
DRAMWE Inactive (high) Operable (see note 1)
Error Inactive (low) Operable (see note 1)
HoldAck Inactive (low) Active
OE Floating Floating (input for XSize1)
Reset Floating unless initiating system reset Floating unless initiating system reset
RW Floating Floating (set to input)
TCO:2 Floating (set to input) Inactive (high)
TC3 Floating (set to input) Floating (input for XSize0)
TDO Floating Operable (see note 1)
TS0:2 Inactive (low) Operable (see note 1)
TS3:6[DP3:0] Floating Operable (see note 1)[floating when
parity mode is enabled]
WBEO:3 Floating Operable (inputs for A4:5, A30:31)
XmitD Inactive (high) Operable (see note 1)
Note:

1. Signal may be active while HoldAck is asserted, depending on the operation being performed by the 403GCX.
2. Signal may be placed in high impedance, depending on DRAM 3-state control setting in IOCR.

BUS WAVEFORMS

The waveforms in this section represent external bus operations, including SRAM and DRAM accesses,
DMA transfers, and external master operations.

Write Byte Enable Encoding

The 403GCX provides four write byte enable signals (WBEO:3) to support 8-, 16-, and 32-bit devices, as
shown in Table 18. For an eight-bit memory region, WBEZ2:3 are encoded as A30:31 and WBEO is the
byte-enable line. For a 16-bit region, WBED is the high-byte enable, WBET is the low-byte enable and
WBE2:3 are encoded as A30:31. For a 32-bit region, address bits 8:29 select the word address and
WBED:3 select data bytes 0:3, respectively.
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Table 18. Write Byte Enable Encoding

Transfer Size Address WBEO = WE WBET =1 WBEZ=A30 WBE3=A31

Byte 0 0 1 0 (o}
8'5\,':;:3 Byte 1 0 1 0 1
Byte 2 0 1 1 0
Byte 3 o] 1 1 1

Transfer Size Address WBEO=BHE WBEi=BLE WBEZ=A30 WBE3=A31
Half-word 0 0 0] 0 0
Half-word 2 0 o] 1 o]
15"3:;3"'5 Byte 0 0 1 0 0
Byte 1 1 0 0 1
Byte 2 0 1 1 0
Byte 3 1 0 1 1

Transfer Size  Address WBED WBE1 WBE2 WBES3

Word 0 0 0 0 0
Half-word 0 0 0 1 1
32-Bit Bus Half-word 2 1 1 0 0
Width Byte 0 0 1 1 1
Byte 1 1 0 1 1
Byte 2 1 1 0 1
Byte 3 1 1 1 0

Address Bus Multiplexing

To support DRAM memories with differing configurations and bus widths, the 403GCX provides an inter-
nally multiplexed address bus controlled by the BIU. Table 19 shows the multiplexed address outputs ref-
erenced by waveforms later in this section.

Table 19. Multiplexed Address Qutputs

Address

Pins A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 A21 A22 A23 A24 A25 A26 A27 A28 A29

AddrBitsOut a6 a7 a8 a9 al0 all al2 a13 at2 ai3 al4 ail5 a16 al7 al8 al9 a20 a2t a22
in RAS Cycle

AddrBitsQut xx a6 a7 a8 a9 al0 al1 al2 a21 a22 a23 a24 a25 a26 a27 a28 a29 a30 a31
in CAS Cycle

When the 403GCX is bus master and there are no bus operations in progress, the states of the address
bus outputs are determined by the setting of bit 18 in the IOCR. If this bit is set to zero, the address bus
will be placed in high impedance. If this bit is set to one, the last address held in the BIU address register
will be driven out on the address bus until bus operations resume.
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SRAM Read-Write-Read with Zero Wait and One Hold

SysClk

A6:29,!
WBEZ[A30],
WBE3[A31]

Read Address X Write Address Read:Address

A
AW |
\
\

Blast* [ -\___/—-\__ /
‘)L Vaid - BE X Valid - BE ‘ X Vam; _BE

| | 1

DO:31 ———X Data In )"—‘ Data Out H Data In)——

RNRRNRARENRR)

BEO34

l

BUsError \ Error? / \ Error?/ \ Error? /
Bank Register Bit Settings
stF | BYSt igiswidm| Peady | Wait | oo | OEon | WEon | WEoff | Hold

Mode Enable States

Bit 13 Bit14 |Bits 15:16| Bit17 |Bits 18:23| Bit24 Bit 25 Bit 26 Bit27 |Bits 28:30

Oort 0 XX 0 00 0000 0 0 0 0 001

Notes:

1. WBEZ2:3 are address bits 30:31 if the bus width is programmed as byte or halfword.

2, See Table 18, “Write Byte Enable Encoding,” on page 30 for WBE signal definitions based on bus width.

3. When in Byte Enable Mode (IOCR bit 20 = 0), the BLast signal appears on the multiplexed OE[XSize1][BLasi] out-
put, as described in Table 4 on page 8.

4. Not Byte Enable Mode (JOCR bit 20 = 0). WBEO0:3/BEO:3 are write byte enables and OE is the signal which
appears on the multiplexed OE[XSize1][BLasi output.

5. Byte Enable Mode (IOCR bit 20=1). WBEO:3/BED:3 are byte enables and Blast is the signal which appears on the

multiplexed OE[XSize1][BLas{} output.
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SRAM, ROM, or IO Write Request with Wait and Hold

SysClk
A6:29,1 \/ \/
WBE2[A30], A Address| Valid A
WBE3[A31]
AW \ [
CSon=0 _ CSon=1
o L [ L
|CSon=0  .CSon=1,0 | CSan=1 3
iWEon=0 WEon=0,1 WEon=1 WEott=1 WEoff=0
| ] : : i | !
WBE0 323 | \ \ \ / ‘ / | L |
: CSon=0 | CSon=1,0 | CSon=1
OEon=0 OEon=0,1 ; OEon=1 :
{ / \
DO:31 A \ \ DataOut N
< Wait + 1 Cycle ——— %' Hold
BusError \ Error? /
Bank Register Bit Settings
Burst . Ready Wait
SLF Mode Bus Width Enable States CSon OEon WEon WEoff Hold
Bit 13 Bit14 |Bits 15:16| Bit17 |Bits 18:23( Bit24 Bit 25 Bit 26 Bit27 |Bits 28:30
Oori 0 XX 0 00 0011 Oor1 Qor1 Oor1 Qor1 001
Notes:

1. WBE2:3 are address bits 30:31 if the bus width is programmed as byte or halfword.
2. See Table 18 for WBE signal definitions based on bus width.

3. WEE signals can be read/write byte enables based on the setting of a control bit in the IOCR. See waveform and

note 5 on page 31.

4. When in Byte Enable Mode (IOCR bit 20 = 0}, the BLast signal appears on the multiplexed OE[XSize1][BLas) out-
put, as described in Table 4 on page 8.

5. 403GCXWait must be programmed to a value = (CSon + WEon + WEoff) and 2 (CSon + OEon + WEoff).
If Wait > (CSon + WEon) and > (CSon + OEon), then all signals retain the values shown in cycle 4 until the Wait

time expires.

6. If Hold is programmed > 001, all signals retain the values shown in cycle 6 until the Hold timer expires.
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SRAM, ROM, or I/O Read Request, Wait Extended with Ready

WBEZ[A30], X Address! Valid

W L |

‘CSon=0 bSm=1

CSon=0  'CSon=0,1 CSon=1
OEon=0 OEon=1,0 QEon=1

3
aiaialily

WBE0:323 /
—— Sample!
y
\ /[
DO0:31 Dataln ) \
— Wait | ————p Ready
y Not 'FIN‘):]y Ready Hold
Ready e
Ready® \ l \
BusError \ Error? /

Bank Register Bit Settings

Burst Ready Wait
SLF Mode Bus Width Enable States CSon OEon WEon WEoff Hold

Bit 13 Bit 14 |Bits 15:16| Bit17 |Bits 18:23| Bit24 Bit 25 Bit 26 Bit 27 |Bits 28:30

Oor1 0 XX 1 000010 Oor1 Oor1 Qor1 X 001
Notes:
1. WBEZ2:3 are address bits 30:31 if the bus width is programmed as byte or halfword.
2. See Table 18, “Write Byte Enable Encoding,” on page 30 for WBE signal definitions based on bus width.
3. WBE signals can be read/write byte enables based on the setting of a control bit in the IOCR. See waveform and

4.

note S on page 31.

When in Byte Enable Mode (IOCR bit 20 = 0), the BLast signal appears on the multiplexed OE[XSize1][BLasi] out-
put, as described in Table 4 on page 8.

Wait must be programmed to a value 2 (CSon + OEon). If Wait > (CSon + OEon), then all signals will retain the
values shown in cycle 4 until the Wait timer expires.

If Hold is programmed > 001, ali 403GCX output signals retain the values shown in cycle 7 unti! the Hold timer
expires.

If Wait = 00 0000, the Ready input is ignored and single-cycle transfers occur. If Wait > 00 0000, Ready is sample
starting after the Wait cycles have expired.
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SRAM Read Extended with Ready (Asynchronous Ready Mode)

Cycle t
SysClk i
AB:A29(1) Wait=000010 - Hold=01
WBE2/A30
WBEG/A31 [Freeis Valid e e
RW
CSen=0 CSon=1
C_Sﬁ EeYy \\ /
CSon=0 CHon=1, OEgn=0 or
OEpn=0 C$on=0, OEdn=1
OE@ N /
BLAST® /
WBEOC:WBE3®@
BEO:BES® == =0 CSon=1, OEqn=0
oN=A on=1, qQn=0 or
pn=0 C §0n=0 OEgn=1 Latch Data
DO0:D31 : Data In
(4)
READY
Bank Register Settings
Burst Bus Ready Wait
SLF Mode Width | Enable | States CSon OEon WEon | WEoff Hold
Bit 13 Bit 14 Bits Bit 17 Bits Bit 24 Bit 25 Bit 26 Bit 27 Bits
15:16 18:23 28:30
X o XX 1 000010 | Oor1 Oor1 X o} 001
Notes:
1. WBEZ2:3 are address bits A30:31 if the bus width is programmed as byte or halfword.
2. Not Byte Enable Mode (IOCR bit 20=0). WBEO:3/BE0:3 are write byte enables and OE/BLAST is OE.
3. Byte Enable Mode (IOCR bit 20=1). WBEO:3/BE0:3 are byte enables and OE/BLAST is BLAST
4. Arrows indicate when READY is sampled.
5. IOCR[ARE] is set.
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SRAM, ROM or /O Burst Read with Wait and Hold

SysClk
A6:29,! - :
WBE2[A30], ddress1 X Addr2 X Addr3 Y Aldress4
WBEB[A31] ;
RAW /
CSan=0, CSson=1
o5 ) /
GRond  SEoth
oE° /
v/

Valid BE BE x BE Valid BE
DO0:31 D
BusError ; \ Erroﬂ‘ /\ Error? /\ Error? /\ Error? / |
o L A ol (
Wait + 1 ;Cycles3 ycet;‘ g B&’%} o1 yc‘es Hold* 1

Bank Register Bit Settings

Burst Bus Ready Wait Burst
SLF | Mode | Width | Enable | States | wait | CSon | OEon | WEon | WEoff | Hold

Bit13 Bit 14 Bits Bit17 Bits Bits Bit 24 Bit 25 Bit 26 Bit 27 Bits
15:16 18:21 22:23 28:30
Oor1 1 XX 0 0001 00 Oor1 Oor1 X X 001
Notes:

- WBE2:3 are address bits 30:31 if the bus width is programmed as byte or halfword.

. See Table 18, “Write Byte Enable Encoding,” on page 30 for WBE signal definitions based on bus width.

. WBE signals can be read/write byte enables based on the setting of a control bit in the IOCR.

. When in Byte Enable Mode (IOCR bit 20 = 0}, the BLast signal appears on the multiplexed DE[XSize1][BLast) out-
put, as described in Table 4 on page 8.

- Wait must be programmed to a value 2 (CSon + OEon). If Wait > (CSon + OEon), then all signals will retain the
values shown in cycle 3 until the Wait timer expires.

6. If Hold is programmed > 001, alI 403GCX output signals retain the values shown in cycle 7 until the Hold timer

expires.
7. Data parity is only checked when IOCR[RDM] = 11 and BRHx[0] is set.

hWN

[9)]
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SRAM, ROM or /O Burst Write with Wait, Burst Wait, and Hold

SysClk
____A6:29,! ;
WBE2JA30], Address1. Addr2 ¥ Adar3i X Address4
WBEa{A 1] et K sz | = A
RAW /
Son=0 CSonat
5 \ [\
= \
Cast* _/ \ / \
%SE%?;Q mz‘oﬁ %%%";11 WEoff=1 WEoﬂ;:-‘l WEoft=1 WEoff;ﬂ WEol=0
WBED32 A FA VTR
BEO3® Valid BE X BE BE X
SEan-g SEohg SRt
D0:31 }( {—{| Dalat Xl?atazx Dated X Datad | ¥
BusError \E'5°7l \Er"a°¢ \Efgbf \E'T'a"/
 Waitytoyes | BMEET Busted Bumatl

Bank Register Bit Settings

Burst Bus Ready Wait Burst .
SLF | Mode | Width | Enable | States | wait | CSOM | OEon | WEon | WEoff | Hold

Bit 13 Bit 14 Bits Bit 17 Bits Bits Bit 24 Bit 25 Bit 26 Bit 27 Bits
15:16 18:21 22:23 28:30
Oor1i 1 XX 0 0100 01 Oor1i Oor1 Oori Oor1 001
Notes:

WRBEZ2:3 are address bits 30:31 if the bus width is programmed as byte or halfword.

. See Table 18, “Write Byte Enable Encoding,” on page 30 for WBE signal definitions based on bus width.

. WBE signals can be read/write byte enables based on the setting of a control bit in the IOCR.

. When in Byte Enable Mode (IOCR bit 20 = 0), the BLast signal appears on the multiplexed OE[XSize1][BLast} out-
put, as described in Table 4 on page 8.

- Wait must be programmed to a value 2 (CSon + WEon + WEoff) and = (CSon + OEon + WEoff).
If Wait > (CSon + WEon) and > (CSon + OEon), then all signals retain the values shown in cycle 3 until the Wait
timer expires.

6. If Hold is programmed > 001, all 403GCX output signals retain the values shown in cycle 12 until the Hoid timer

expires.
7. Data parity is only generated when IOCR[RDM] = 11.

N =

[$)]
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DRAM 2-1-1-1 Page Mode Read

SysClk : -
__A11:29, RAS  on8 OAS cas Charge
WBE2[A30], X Row XColumn 1XCqumn2 ColumnsX Column4 by
WBE3[A31]

AMuxCAS / \

[—

[ATTH T

DRAMOE ‘\
DRAMWE
Note 8
A

A\ \ /

D0:31  f ata3 { Datad }—F

* ? Note 7

BusError T?‘"/ \E";"/

Bank Register Bit Settings

SLF | ERM Bus | Ext | RAS-to-| Refresh | Page First Burst | Prechg | Refresh | Refresh
Width| Mux | CAS Mode | Mode | Access | Access | Cycles | RAS Rate

Bit13|Bit14| Bits |Bit17| Bit18 Bit19 | Bit20 Bits Bits Bit25 Bit 26 Bits
15:16 21:22 23:24 27:30

Oor1t o] XX X 0] 4] 1 00 00 (4] X XXXX

Notes:

1. For burst access, the address represented by Columns 1:4 does not necessarily indicate that they are in incre-
mental address order. Typically, burst access is target word first.

If internal mux mode is used, address bits A11:29 represent address bits described in Table 19 on page 30.
During internal mux mode access, A6:10 retain their unmultiplexed values.

If external mux mode is used, A11:29 are unaffected and do not change between CAS and RAS cycles.

If bus width is programmed as byte or half-word, WBE2:3 represent address bits A30:31 regardless of mux mode.
WBED:1 are always ones during DRAM transfers.

Data is latched later (on the rising edge of CAS) if IOCR bit 26 (DRC) = 1.

Data is latched on the rising edge of SysClk when IOCR bit 26 (DRC) = 0 (default setting).

NOOROLN
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EDO DRAM 2-1-1-1 Burst Read Followed by Single Transfer Read

Cycle
SysClk
A6:29(")
WBE2/A30
WBE3/A31
AMuxCAS 1\ / \ Vs
R/W \’
RAS Y L / \ %7 \ / A
WS\ S /T
DramOE {7 \ / \ / 2
DramWE }/
D0:31, DPO:3 D i ?C@
Note 2
BusError 2 [ T\ T TV \Error?]
Y A . O 0 B
Bank Register Bit Settings
SLF | ERM Bus | Ext | RAS-to-| Refresh | Page | First Burst | Prechg | Refresh | Refresh
Width| Mux CAS Mode | Mode | Access | Access | Cycles RAS Rate
Bit13 | Bit14 | Bits |Bit17| Bit18 Bit19 | Bit20 Bits Bits Bit 25 Bit 26 Bits
15:16 21:22 23:24 27:30
X o 10 0 0 0 1 00 00 0 1 XXXX
Notes:

1. IOCR[EDO] s set and IOCR[DRC] is cleared.
2. Data is latched with respect to the fall of the internal system clock (duty-cycle corrected).
3. Data parity, if enabled, matches the timing of data bus transfers.
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DRAM 3-2-2-2 Page Mode Write

SysClk

CAS CAS | CAS CAS [ CAS :CAS ;cas  cas (B

| RAS
: Charge
A11:29 X Ro nX Columni; X' Ca Iumn2‘X Column3 X Columing

AMuxCAS | / ‘ M

-
=
L
\_

w L L

s L\

DRAMOE =
DRAMWE \ | 5 [ U
}——( Datat X D?ataz X D:iatas X Datad ) (

BusError \EWOI’?/ \Erron’%?/ :\Error‘g?/ ?\Error"/

DO:31

Bank Register Bit Settings

sLF | ERM Bus | Ext |RAS-to-| Refresh | Page First Burst | Prechg | Refresh | Refresh
Width| Mux CAS Mode | Mode | Access | Access | Cycles RAS Rate

Bit13|Bit14| Bits |Bit17| Bit18 Bit19 | Bit20 Bits Bits Bit 25 Bit 26 Bits
15:16 21:22 23:24 27:30

Oor1 0 XX X 0 )] 1 01 01 0 X XXXX

Notes:

1.

NoO s

For burst access, the addresses represented by Columns 1:4 do not necessarily indicate that they are in incre-
mental address order. Typically, burst access is target word first.

If internal mux mode is used, address bits A11:29 represent address bits described in Table 19 on page 30.
During internal mux mode access, A8:10 retain their unmultiplexed values.

If external mux mode is used, A11:29 are unaffected and do not change between TAS and RAS cycles.

If bus width is programmed as byte or half-word, WBE2:3 represent address bits A30:31 regardless of mux mode.
WRBEQD:T are always ones during DRAM transfers.

DRAM read on CAS and EDO DRAM modes do not affect writes.
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EDO DRAM 3-1-1-1 Burst Read Followed by Single Transfer Read

WBEZ3/A31
AMuxCAS / [
RW [ e
RAs [T 1\ AN It
CAS S f
DramOE | [ / /
OramWE ] %
DO:D31 P o | XX % o
Latch data with fall of CAS f ? Notei2
BusError V21 \7f \‘?1 ] Error?]
Error?. f
Bank Register Bit Settings
SLF | ERM Bus | Ext | RAS-to-| Refresh | Page First Burst | Prechg | Refresh | Refresh
Width| Mux | CAS Mode | Mode | Access | Access | Cycles | RAS Rate
Bit13 |Bit 14| Bits |Bit17| Bit18 Bit19 | Bit20 Bits Bits Bit 25 Bit 26 Bits
15:16 21:22 23:24 27:30
X 01 10 4] (o] 0 1 o1 00 0 X XXNXK

Notes:
1. IOCR[EDOQ] is set and IOCR[DRC] is cleared.

2. Data is latched with respect to the fall of the internal system clock (duty-cycle corrected).
3. Data parity, if enabled, matches the timing of data bus transfers.
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DRAM Read-Write-Read, One Wait

SysClk

CAS CAS &% RAS CAS CAS froroRAS CAS CAS

AM1:29 | )( c e

s | /‘— \__/—\_[—L_

w T L
[

D0O:31

BusError

Bank Register Bit Settings

SLF | ERM Bus | Ext | RAS-to-| Refresh | Page First Burst | Prechg | Refresh | Refresh
Width| Mux CAS Mode | Mode | Access | Access | Cycles RAS Rate

Bit13 | Bit14{ Bits |Bit17| Bit18 Bit19 | Bit20 Bits Bits Bit25 Bit 26 Bits

15:16 21:22 23:24 27:30

Oor1 0 XX X 0 0 0 (03] %X 0 X XXXX
Notes:
1. If internal mux mode is used, address bits A11:29 represent address bits described in Table 19 on page 30.
2. During internal mux mode access, A6:10 retain their unmultiplexed values.
3. If external mux mode is used, A11:29 are unaffected and do not change between TAS and RAS cycles.
4. 1f bus width is programmed as byte or half-word, WBE2:3 represent address bits A30:31 regardless of mux mode.
5. WBED:T are always ones during DRAM transfers.
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DRAM Three-state - Refresh request before and after HoldAck

Cycle
SysCik
AB:A29'
WBE2/A30
WBE3/A31

HoldReq

HoldAck

RAS0:3

CASO:3

7
/

F | XTE DXFi
E X o IXFD

N

DramWE,
DramOE,
R/W,

OE/XSizet,

EOT3/TC3/XSize0,
WBEOQ:3

Note:
1. IOCRIEDT]is set.
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A

A4
P 3

Y

Bank 4 refresh request
gets in just before Hold-
Ack

y 3

External master has
control of bus;
refreshes held off until
out of HoldAck

Bank 5 refresh counter
expired while in Hold-
Ack. Refresh of bank
as soon as out of Hold-
Ack
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DMA Buffered Single Transfer from Peripheral to 3-Cycle DRAM

A11:29 ) Row Column Y S —
RAS g/ \: [ \ :
CASOS ] Y A
DRAMOE / ‘ ‘\
DRAMWE / 1\ / Y
D0:31 - XData}——( Data j, a k
e | T
WBEDS | T ‘ —

Bank Register Bit Settings

SLF | ERM Bus | Ext | RAS-to-| Refresh | Page | First Burst | Prechg | Refresh | Refresh
Width|{ Mux | CAS Mode | Mode | Access | Access | Cycles | RAS Rate

Bit13|Bit14| Bits [Bit17| Bit18 Bit19 | Bit20 Bits Bits Bit 25 Bit 26 Bits
15:16 21:22 23:24 27:30

Oort 0 10 0 0 4] 0 0]} XX 0 X XXXX

DMA Control Register Bit Settings

Transfer Direction | Transfer Width |Transfer Mode|PeripheralSetup| Peripheral Wait | Peripheral Hold

Bit2 Bits 4.5 Bits 9:10 Bits 11:12 Bits 13:18 Bits 19-21
1 10 00 00 00 0000 000

Notes:

1. DMAR must be inactive in cycle 9 to guarantee a single transfer.

2. Peripheral data bus width must match DRAM bus width.

3. This waveform assumes that the internal address mux is used.

4. TASO is used for byte accesses, CTASD:1 for halfwords, and CAS0:3 for fullwords.

43

B 900Ll4k 0009kL52 7?98 H




1BM PowerPC 403GCX

DMA Fly-By Single Transfer, Write to 3-Cycle DRAM

SysClk fices I 2 MO £ I T
Sync Sync BIUReg RAS CAS CAS
OWAR T\ [T T
8=0 8=1 S§=2 (S = peripheral setup time)
uJ_./
A11:29 XRow X Column X
RW \ /
RAS / \ / \
TAS03 1 \ ] \
DRAMOE : / \ )
DRAMWE / - / \ _
) \ / : Y s :
DO:31 — . Data ), ~
Bank Register Bit Settings
SLF | ERM Bus | Ext |RAS-to-|Refresh| Page { First Burst | Prechg | Refresh | Refresh
Width{ Mux | CAS Mode | Mode | Access | Access | Cycles RAS Rate
Bit13 | Bit14| Bits |Bit17| Bit18 | Bit19 | Bit20 Bits Bits Bit 25 Bit 26 Bits
15:16 21:22 23:24 27:30
Oor1 0 10 o 0 0 o] 01 XX 0 X XXXX
DMA Control Register Bit Settings
Transfer Direction| Transfer Width |Transfer Mode|PeripheralSetup| Peripheral Wait | Peripheral Hold
Bit 2 Bits 4:5 Bits 9:10 Bits 11:12 Bits 13:18 Bits 19-21
1 10 01 Note 3 XX XXXX XXX
Notes:
1. DMAR must be inactive in cycle 7 (last DMAA cycle) to guarantee a single transfer.
2. Peripheral data bus width must match DRAM bus width.
3. See diagram for settings.
4. This waveform assumes that the internal address mux is used.
5. CTASO is used for byte accesses, CASD:1 for halfwords, and CAS0:3 for fullwords.

a4
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IBM PowerPC 403GCX

DMA Fly-By Continuous Burst to 3-Cycle DRAM

SysClk
' CAS 'C::;ge
DMAR o
S=0 |S=1 (S = peripheral satup ﬁmei :
DMAA V11 1022 3 3 f
DMADXFER / /S
Ai11:29 X Ro‘svx Ccéalumm;X Column2X fCqurn"nS E
RW \ [
s I\ T

[
—

CASO:

;4\; /_\;

DRAMOE

DRAMWE

—

——

D0:31 . X { Data? X Dzataszata3

Bank Register Bit Settings
Bus | Ext |RAS-to-|Refresh| Page First Burst | Prechg | Refresh | Refresh

SLF | ERM Width| Mux | CAS Mode | Mode | Access | Access | Cycles | RAS Rate
Bit13|Bit14| Bits [Bit17| Bit18 | Bit19 | Bit20 Bits Bits Bit25 Bit 26 Bits
15:16 21:22 23:24 27:30
Oor1 [0} 10 0 0 0 1 01 01 0 X XXX
DMA Control Register Bit Settings
Transfer Transfer Transfer Peripheral | Peripheral | Peripheral Burst Mode
Direction Width Mode Setup Wait Hold
Bit2 Bits 4:5 Bits 9:10 Bits 11:12 Bits 13:18 Bits 19-21 Bit 25
1 10 o1 Note 3 XX XXXX XXX 1
Notes:

DMAR must be inactive at the end of cycle 9 (last DMAA cycle) to guarantee three transfers.

Peripheral data bus width must match DRAM bus width.

See diagram for settings.

This waveform assumes that the internal address mux is used.

CASO is used for byte accesses, CAS0:1 for halfwords, and CAS0:3 for fullwords.

Numbers (1,2,3,...) in the DMAR signal represent when DMAR is sampled and accepted. Numbers (1,2,3,...) in the

WET <113

DMAA signal represent the transfers associated with the accepted DMAR.

B ol
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IBM PowerPC 403GCX

External Master Nonburst DRAM Read with HoldReg/HoldAck

SysClk

Ext Bus Mast ; ; ;XReq ;BSeI RAS :CAS CAS - Charge:

HoldReq j 1

HoldAck

XReq!

XSize0:11 |

XAck! ] . _J \
A4:312 403} Master | }——L Valid Address - Ext Master )-L{ 403 Address |

DO0:31 403! Master } \:gggzs : HiZz ./ 403: Data :

DRAM Control : _ 3
AMuxCAS \ f f \ ‘
o B I / -
CAS0:3 / / \ :
DRAMOE ] \ / _
DRAMWE ] : \_

Bank Register Bit Settings

Bus | Ext |[RAS-to-| Refresh | Page | First Burst | Prechg | Refresh | Refresh

SLF | ERM Width| Mux CAS Mode | Mode | Access | Access | Cycles RAS Rate

Bit13|Bit14| Bits |Bit17| Bit18 Bit19 | Bit20 Bits Bits Bit 25 Bit 26 Bits
15:16 21:22 23:24 27:30

Oor1 0 10 1 0 0 0 01 XX (o] X XXXX

Notes: :
1. XReq, XSize0, XSize1, and XAck are multiplexed with DMARS, EOT3/TC3, OF, and DMAAS, respectively
2. A4, A5, A30, and A31 are multiplexed with WBEGC, WBET, WBEZ, and WBES, respectively.
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IBM PowerPC 403GCX

Externai Master DRAM Burst Write, 3-2-2-2 Page Mode

Ext Bus Master%

/
XSize0:11:23 Jj

DRAM Control

SysClk

¥

CAS CAS ICAS CA!

gt g g Bl ] B
BSel :RAS |CAS CAS cAs icas ([Fre-

HoldReq |

HoldAck

Xﬁeq3

RW

XACk ,

A4:314 | valid Address1 - Ext Mastar) Adcress2 Y Address3 ){ Address4

)_
D0:31 — Vald DataT - Ext Mastor X bamzéfoata:i:X I;.)ata4 —

/

/

AMuxCAS - /

RASx

CAS0:3

DRAMOE

DRAMWE

RN

Bank Register Bit Settings

SLF | ERM Bus | Ext | RAS-to-| Refresh | Page First Burst | Prechg | Refresh | Refresh
Width| Mux CAS Mode | Mode | Access | Access | Cycles RAS Rate

Bit13|Bit14| Bits |Bit17| Bit18 Bit19 | Bit20 Bits Bits Bit 25 Bit 26 Bits

15:16 21:22 23:24 27:30
Oori1 0 10 1 (0] 0 1 01 o1 V] X XXXX
Notes:
1. XReq, XSize0, XSize1, and XAck are multiplexed with DMARS, EOT3/TC3, OF, and DMAAS, respectively.

2. XSize0:1 = 11 indicates a burst transfer at the width of the DRAM device.
3.
4

The burst is terminated in cycle 12 by deasserting the XReq input signal. A burst may also be terminated by deas-
serting either XSize0 or XSize1.

- A4, A5, A30, and A31 are multiplexed with WBED, WBET, WBEZ, and WBES, respectively.
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