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Introduction 1

The SA-110 Microprocessor (SA-110) is the first member of the StrongARM " family of
high-performance, low-power microprocessors. The SA-110 is an implementation of

ARM Ltd. (ARM)” Version 4 architecture and offers significant advancesin

microprocessor design. The SA-110 has been designed to further extend the ARM family asa
leading source of low-power, high-performance RISC processors for embedded consumer markets
such as portable products and interactive digital video.

The SA-110 is a general-purpose, 32-bit microprocessor with a 16 Kbyte instruction cache, a 16
Kbyte write-back data cache, an 8-entry write buffer with 16 bytes per entry, and a
memory-management unit (MMU) combined in a single chip. The SA-110 is software compatible
with the ARM V4 architecture processor family and can be used with ARM support chips such as

1/0O, memory and video.

1.1 Features
The SA-110 has been manufactured with the following marketing part numbers: 21281-AB,
21281-BB, 21281-CB, 21281-DB, 21281-EB, and FA21281FB.
Table 1-1 lists the part number, high and low performance specification, and memory bus of the
SA-110.
Table 1-1. SA-110 Device Performance Specifications
Ambient
Part Number High Performance Low Power Memory Bus Operating
Temperature
115 Dhrystone <300mW @1.65 V
21281-BB 2 IMIPS@ 100 MHz | 100 MHz 0-33 Mhz @ 100 MHz | 0° C to 70°C
185 Dhrystone <450mW @ 1.65 V
21281-AB 2.1 MIPS @ 160 MHz | 160 MHz 0-53 MHz @ 160 MHz | 0° C to 70°C
192 Dhrystone <700mW @ 2.0 V
21281-DB 2.1 MIPS@ 166 MHz | 166 MHz 0-53 MHz @ 166 MHz | 0° C to 70°C
230 Dhrystone <900mW @ 2.0 V
21281-CB 2 IMIPS@ 200 MHz | 200 MHz 0-66 MHz @ 200 MHz | 0° C to 70°C
268 Dhrystone <1000mW @ 2.0 V
21281-EB 2.1 MIPS@ 233 MHz | 233 MHz 0-66 MHz @ 230 MHz | 0° C to 70°C
a 268 Dhrystone <1000mW @ 2.0 V ]
FA21281FB 2.1 MIPS@ 233 MHz | 233 MHz 0-66 MHz @ 230 MHz | 0° C to 60°C

a. The FA21281FB has been discontinued with the last ship date of October, 2000. The 21281-EB is the fully functional equiv-
alent replacement.

Table 1-2 lists the features of the SA-110.
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Table 1-2. SA-110 Device Features

¢ Internal phase-locked loop (PLL) ¢ 32-Entry memory-management units

— 3.68 or 3.56 MHz External Reference — Maps 4 Kbyte, 64 Kbyte, or
Oscillator 1 Mbyte

¢ |dle and sleep power-down modes ¢ Write buffer

¢ Big and little endian operating modes — 8-entry 16 bytes each

¢ 33V l/Ointerface ¢ Early termination 32-bit multiplier

¢ 144-pin thin quad flat pack (TQFP) — 32-bit accumulation

* 32-way set-associative caches (2_4. cycles) _
— 16 Kbhyte insFruction cache — ?g;glgyaac&%?ulatlon
— 16 Kbyte write-back data cache

The on-chip caches together with the write buffer substantially raise the average execution speed
and reduce the average amount of memory bandwidth required by the processor. This alows the

external memory to support additional processors or direct memory access (DMA) channels with
minimal performance loss.

Theinstruction set comprises eight basic instruction types:

¢ Two of thesetypes make use of the onchip arithmetic logic unit, barrel shifter and multiplier to
perform high-speed operations on the datain abank of 16 logical (31 physical) registers, each
32 bitswide.

¢ Three classes of instructions control data transfer between memory and the registers. one
optimized for flexibility of addressing, onefor rapid context switching, and one for swapping data.

¢ Two instructions control the flow and privilege level of execution.
* One classis used to access the privileged state of the machine.

The ARM instruction set is a good target for compilers of many different high-level languages.
Where required for critical code segments, assembly code programming is also straightforward,
unlike some RISC processors that depend on sophisticated compiler technology to manage
complicated instruction interdependencies.

The memory interface has been designed to allow the performance potential to be realized without
incurring high costs in the memory system. Speed-critical control signals are pipelined to allow
system control functions to be implemented in standard low-power logic, and these control signals
permit the exploitation of page mode access offered by industry standard DRAMs.

1.2 Applications

The SA-110 can be used in the following markets:
* Portable products
— Personal digital assistants (PDAS)
— Smart phones
— Digital cameras
— Organizers
— Bar-code scanners
* Interactive digital media

1-2 SA-110 Microprocessor Technical Reference Manual
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1.4.2

1.4.3

Introduction
— Digital set-top devices
— Interactive TV
— Video game players
¢ Embedded control
— Internetworking: routers, bridges, LAN switches
— Office automation: printers, scanners, copiers
— Telecommunication: PBX, Cellular Base Station
— Storage peripheras: drive and RAID controllers
— PC add-ins: intelligent 1/O cards, LAN/WAN
* Network computers
— Tablet intranet products
— Internet appliances
Document Conventions
0x Marks a hexadecimal quantity.
BOLD External signals are shown in bold capital |etters.
binary Whereit isnot clear that a quantity is binary, it is followed by the word
binary.

ARM Architecture

The SA-110 implements the ARM V4 architecture as defined in the ARM Architecture Reference,
Version A, 7 Feb. 1996, with the following options.

26-Bit Mode

The SA-110 supports 26-bit mode but all exceptions are initiated in 32-bit mode. The P and D bits
do not affect the operation of SA-110; they always read as ones and writes to them are ignored.

Coprocessors

The SA-110 only supports MCR and MRC access to coprocessor 15. These instructions are used to
access the memory-management, configuration, and cache control registers. All other coprocessor
ingtructions cause an undefined instruction exception. No support for external coprocessorsis provided.

Memory Management

Memory-management exceptions preserve the base address registers so no fixup codeis required.
Separate translation lookaside buffers (TLBs) are implemented for the instruction and data streams.
Each TLB has 32 entries that can each map a segment, alarge page, or asmall page. The TLB
replacement algorithm is round robin. The data TLBs support both the flush-all and
flush-single-entry operations, while the instruction TLBs support only the flush-all operation.

SA-110 Microprocessor Technical Reference Manual 1-3
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1.4.4 Instruction Cache
The SA-110 has a 16 Kbyte instruction cache (Icache) with 32-byte blocks and 32-way
associativity. The cache supports the flush-all-entry function. Replacement is round robin within a

set. The Icache can be enabled while memory management is disabled. When memory
management is disabled, all of memory is considered cacheable by the Icache.

1.4.5 Data Cache

The SA-110 has a 16 Kbyte data cache (Dcache) with 32-byte blocks and 32-way associativity. The
cache supports the flush-all, flush-entry, and copyback-entry functions. The copyback-all function
isnot supported in hardware. This function can be provided by software. The cacheisread allocate
with round-robin replacement.

1.4.6 Write Buffer

The SA-110 has an 8-entry write buffer with each entry ableto contain 1 to 16 bytes. Thedrain
write buffer operation is supported.

1.5 Block Diagram

Figure 1-1 shows the functional blocks contained in the SA-110.

1-4 SA-110 Microprocessor Technical Reference Manual



INtal.

Figure 1-1. SA-110 Block Diagram
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Functional Diagram

Figure 1-2 isafunctional diagram of the SA-110.
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Signal Description 2

The following table describes the signals.

Key to Signal Types: | C — Input, CMOS threshold
ICOCZ — Input, CMOS threshold, output CMOS levels, tristatable
OCZ —Output, CMOS levels, tristatable

Table 2-1. Signal Pin Description

Name Type Description

Address bus. This bus signals the address requested for memory accesses. If APE
is high, the address changes while MCLK is high; if APE is low, the address
changes during the following low period of MCLK. In enhanced bus mode A[1:0]
contains byte mask bits two and three. The byte mask bits are asserted low on
reads to indicate the required data. The byte mask bits are asserted low on writes
to signal which bytes of the 32-bit data bus contain data to be accessed. In
standard mode A[1:0] contains the low-order two bits of the address. In both
modes A[31:2] contains the upper 30 bits of the byte address.

A[31:0] ocz

Address bus enable. When this input is low, the address bus A[31:0], nRW,

ABE Ic MAS[1:0], CLF, and LOCK are put into a high impedance state (Note 1).

External abort. Allows the memory system to tell the processor that a requested

ABORT Ic access has failed. Only monitored when the SA-110 is accessing external memory.

Address pipeline enable. This input is used to control the timing of the latches on
the address bus A[31:0], MAS[1:0], nRW, CLF, and LOCK. Normally these signals
change during MCLK high, but they may be held to the next MCLK low by driving
APE low. APE is a static configuration pin and must remain stable at all times.

APE IC

Core clock configuration pins. These four pins configure the core clock speed.

CCCRG[3:0] Ic They must remain stable at all times.

Cache line fill. An output signal used by the processor to indicate a cache line fill
burst read or write. The CLF pin is asserted for full 8-word reads and writes. Burst
reads are only done for cache line fills. Burst writes are done for castouts of dirty
CLF ocz data and data stores that have merged in the write buffer. If CONFIG is high, then
cache line fetches are wrapped in the four-word subblock and then switched to the
other subblock. The CLF signal follows address bus timing. Note it is NOT asserted
for writes in pass one parts.

The 3.57/3.68 MHZ crystal oscillator input clock for the core PLL. This is the base
CLK IC clock from which the high speed core clock and the MCLK in synchronous mode
are generated.

The CONFIG input sets the bus mode to standard (low) or enhanced (high). In
standard mode all cache line fetches start at word 0 of the cache block and stores
are not allowed to merge. If CONFIG is high then cache line fetches are wrapped in
CONFIG IC the 4-word subblock then switch to the other subblock starting at the critical word.
The write buffer is allowed to merge stores to the same cache block and will use
the A[1:0] and MAS[1:0] pins to present a byte mask of the bytes being read or
written. The CONFIG signal must remain stable at all times.

Data bus. These are bidirectional pins used for data transfers between the
processor and external memory. For read operations (when nRW is low), the input
data must be valid before the falling edge of MCLK. For write operations (when
nRW is high), the output data will become valid while MCLK is low.

D[31:0] Icocz
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Table 2-1.

2-2

Signal Pin Description

Name

Type

Description

DBE

Data bus enable. When this input is low, the data bus, D[31:0], is put into a high
impedance state (Note 1). The drivers will always be high impedance except during
write operations, and DBE must be driven high in systems that do not require the
data bus for DMA or similar activities.

LOCK

ocz

Locked operation. LOCK is driven high to signal a “locked” memory access
sequence, and the memory manager should wait until LOCK goes low before
allowing another device to access the memory. LOCK changes while MCLK is high
and remains high during the locked memory sequence. The LOCK signal follows
address bus timing.

MAS[1:0]

ocz

Memory access size. An output signal used by the processor in standard bus mode
to indicate to the external memory system the number of bytes being transferred.
MASJ1:0] is 2 for word transfers, 1 for halfword transfers, and 0 for byte transfers,
and is valid for both read and write operations. In enhanced mode, the MAS pins
contain bits zero and one of the byte mask. The byte mask bits are asserted low on
reads to indicate the required data. The byte masks bits are asserted low on writes
to signal which bytes of the 32-bit data bus contain data to be accessed. The MAS
signals follow address bus timing.

MCCFG[2:0]

Memory clock configuration pins. These pins configure the system clock speed
when SnA is asserted.They must remain stable at all times and may not be
dynamically changed. When SnA is asserted MCLK is generated by dividing the
core clock by the value of MCCFG plus two (2..9) for MCCFG in the range 0..7.

MCLK

ICOCz

Memory clock input or output. When SnA is deasserted MCLK is an input clock,
when SnA is asserted MCLK is an output. This clock times all SA-110 memory
accesses. The low or high period of MCLK may be stretched for slow peripherals;
alternatively, the nWAIT input may be used with a free-running MCLK to achieve
similar effects.

MSE

Memory request/sequential enable. When this input is low, the nMREQ and SEQ
outputs are put into a high impedance state (Note 1).

nFIQ

Not fast interrupt request. If FIQs are enabled, the processor will respond to a
low-level on this input by taking the FIQ interrupt exception. This is an
asynchronous, level-sensitive input, and must be held low until a suitable response
is received from the processor.

niRQ

Not interrupt request. As nFIQ, but with lower priority. This is an asynchronous,
level-sensitive input, and must be held low until a suitable response is received
from the processor.

nMCLK

ocz

Not memory clock output. When SnA is high, nMCLK is the inverse of MCLK. If
SnA is low then nMCLK is held low. This output can also be disabled by an MCR
instruction to save power if nMCLK is not used.

NMREQ

ocz

Not memory request. A pipelined signal that changes while MCLK is low to indicate
whether or not, in the following cycle, the processor will be accessing external
memory. When nMREQ is low, the processor will be accessing external memory.

nPWRSLP

Power sleep. When low this puts the SA-110 I/O pins into sleep mode. In sleep
mode all outputs are driven low except nMREQ which is driven high.

NRESET

Not reset. This is a level-sensitive input which is used to start the processor from a
known address. A low level will cause the current instruction to terminate
abnormally, and the on-chip caches, MMU, and write buffer to be disabled. When
NRESET is driven high, the processor will restart from address 0. nRESET must
remain low for at least two full MCLK cycles. While nRESET is low the processor
will perform idle cycles.

NRESET_OUT

ocz

Not reset out. This signal is asserted when nRESET is asserted and deasserts
when the processor has completed resetting. This signal remains asserted until the
PLL is stable.

nRW

ocz

Not read/write. When high this signal indicates a processor write operation; when
low, a read. The nRW signal follows address bus timing.
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Signal Description

Table 2-1. Signal Pin Description

Name

Type

Description

NnTRST

IC

Test interface reset. Note this pin does NOT have an internal pull-up resistor. This
pin must be pulsed or driven low to achieve normal device operation, in addition to
the normal device reset (NRESET).

NnWAIT

Not wait. When low this allows extra MCLK cycles to be inserted in memory
accesses. It must be asserted low before the rising edge of MCLK to extend the
MCLK cycle and is latched with the rising edge of MCLK. Note this is different than
previous ARM™ processors that required nWAIT to be asserted for the entire
MCLK high time and did not latch nWAIT.

PARITY[3:0]

ocCz

Data bus parity. This output signal is the odd byte parity for D[31:0]. For write
operations (when nRW is high), the output data will become valid while MCLK is
low. For read operations (when nRW is low), these pins are UNPREDICTABLE.
Note that these pins are not available in the 144-pin package.

PLLCFG

PLL configuration. This pin selects between two sets of divide ratios for the PLL. It
is needed to maintain compatibility with the SA-110, while still allowing for higher
core clock frequencies. This pin uses one of the n/c pins on the SA-110. This pin
has an internal pull-up resistor. If this pin is not driven externally, it will be pulled
high, causing the PLL to use the slower SA-110 divide ratios.

SEQ

ocz

Sequential address. This signal is the inverse of nMREQ, and is provided for
compatibility with existing ARM memory systems. The signal changes while MCLK
is high.

ShA

Synchronous/not asynchronous. When SnA is low, MCLK is an input and nMCLK
is driven low. When SnA is high, nMCLK and MCLK are output clocks with the
frequency selected by the MCCFG and CCCFG pins. SnA must remain stable at
all times and may not be dynamically changed.

SPDF

SPDFE The SPDF pin should be tied low.

TCK

Test interface reference clock. This times all the transfers on the JTAG test
interface.

TCK_BYP

Test clock PLL bypass. When TCK_BYP is high, the TESTCLK is used as the core
clock in place of the PLL clock; when low, the internal PLL output is used.

TDI

Test interface data input. Note this pin does NOT have an internal pull-up resistor.

TDO

Test interface data output. Note this pin does NOT have an internal pull-up resistor.

TESTCLK

Test clock. TESTCLK is used to provide the core clock when TCK_BYP is high. It
should be tied low if TCK_BYP is low. This clock should never be driven higher
than Vpp.

T™MS

Test interface mode select. Note this pin does NOT have an internal pull-up
resistor.

VDD

Positive supply for the core. Eight pins are allocated to VDD.

VDDX

Positive supply for the 1/0O pins. Nine pins are allocated to VDDX.

VSS

Ground supply. Eighteen pins are allocated to VSS. The ground plane on the board
should be the same for these pins.

NOTES:

1. When output pads are placed in the high impedance state for long periods, care must be taken to ensure
that they do not float to an undefined logic level, as this can dissipate power, especially in the pads.
2. Unless all inputs are driven to the VSS or VDDX, the input circuits will consume power.
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ARM Implementation Options 3

The following sections describe ARM ™" architecture options that are implemented by the SA-110.

3.1 Big and Little Endian

The big endian hit in the control register sets whether the SA-110 treats words in memory as being
stored in big endian or little endian format. Memory isviewed as alinear collection of bytes
numbered upwards from 0. Bytes 0 to 3 hold thefirst stored word, bytes 4 to 7 the second, and so on.

In the little endian scheme, the lowest numbered byte in aword is considered to be the least
significant byte of the word and the highest numbered byte is the most significant. Byte 0 of the
memory system should be connected to datalines 7 through 0 (D[ 7:0]) in this scheme.

In the big endian scheme the most significant byte of aword is stored at the lowest numbered byte
and the least significant byte is stored at the highest numbered byte. Byte 0 of the memory system
should therefore be connected to data lines 31 through 24 (D[31:24]).

The state of the big endian bit only changes the location of the bytes within a 32-bit word. The
accessed bytes are changed for the load byte, store byte, load halfword, and store halfword instructions
only. Instruction fetches and word load and stores are not changed by the state of the big endian bit.

3.2 Exceptions

Exceptions arise whenever there is aneed for the normal flow of program execution to be broken; for
example, so that the processor can be diverted to handle an interrupt from a peripheral. The processor
state just prior to handling the exception must be preserved so that the original program can be
resumed when the exception routine has completed. Many exceptions may arise at the same time.

The SA-110 handles exceptions by making use of banked registers to save state. The old PC and
CPSR contents are copied into the appropriate R14 and SPSR and the PC and mode bitsin the
CPSR hits are forced to a value that depends on the exception. Interrupt disable flags are set where
required to prevent otherwise unmanageable nestings of exceptions. In the case of a reentrant
interrupt handler, R14 and the SPSR should be saved onto a stack in main memory before
reenabling the interrupt; when transferring the SPSR register to and from a stack, it isimportant to
transfer the whole 32-bit value, and not just the flag or control fields.

When multiple exceptions arise simultaneously, afixed priority determines the order in which they
are handled. The priorities are listed later in this chapter. Most exceptions are fully defined in the
ARM Architecture Reference. The following sections specify the exceptions where the SA-110
implementation differs from the ARM Architecture Reference.

The SA-110 initiates all exceptions in 32-bit mode. When an exception occurs while the SA-110is
running in 26-bit mode, the SA-110 saves only the PC and CPSR. The PC is saved in R14 and the
CPSR is saved in the SPSR of the exception mode. The 32-bit handler must merge the condition
codes, the interrupt enables, and the mode from the SPSR into R14 if ahandler wantsto runin
26-bit mode.
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3.2.1

3.2.2

3-2

Reset

When the nRESET signal goes low, the SA-110 stops executing instructions, asserts the
NRESET_OUT pin, and then performsidle cycles on the bus.

When nRESET goes high again, the SA-110 does the following:

*  OverwritesR14 svc and SPSR_svc by copying the current values of the PC and CPSR into
them. The values of the saved PC and CPSR are not defined.

* Forces M[4:0]=10011 (32-bit supervisor mode) and setsthe | and F bitsin the CPSR.

¢ Forcesthe PC to fetch the next instruction from address 0x0.

At the end of the reset sequence, the MMU, Icache, Dcache, and write buffer are disabled.
Alignment faults are also disabled, and little endian mode is enabled.

Abort

An abort can be signalled by either the internal memory-management unit or from the external
abort input pin. An abort indicates that the current memory access cannot be completed. For
instance, in avirtua memory system, the data corresponding to the current address may have been
moved out of memory onto a disk, and considerable processor activity may be required to recover
the data before the access can be performed successfully. The SA-110 checks for an abort during
memory access cycles. When aborted, the SA-110 respondsin one of two ways:

¢ |f the abort occurred during an instruction prefetch (a prefetch abort), the prefetched
instruction is marked as invalid but the abort exception does not occur immediately. If the
instruction is not executed, for example, as aresult of abranch being taken whileit isin the
pipeline, no abort will occur. An abort will take placeif the instruction reaches the head of the
pipeline and is about to be executed.

* If the abort occurred during a data access (a data abort), the action depends on the instruction type.
— Single datatransfer instructions (LDR, STR) will abort with no registers modified.

— The swap instruction (SWP) is aborted as though it had not executed, though externally
the read access may take place.

— Block datatransfer instructions (LDM, STM) abort on the first access that cannot
complete. If write-back is set, the baseis NOT updated. If the instruction would normally
have overwritten the base with data (for example, an LDM instruction with the basein the
transfer list), the original value in the base register is restored.

When either a prefetch or data abort occurs, the SA-110 performs the following operations:

¢ Savesthe address of the aborted instruction plus 4 (for prefetch aborts) or 8 (for data aborts) in
R14 abt; saves CPSR in SPSR_abt.

* Forces M[4:0]=10111 (abort mode) and setsthe | bit in the CPSR.

* Forcesthe PC to fetch the next instruction from either address OxOC (prefetch abort) or address
0x10 (data abort).

To return after fixing the reason for the abort, use SUBS PC, R14 _abt,#4 (for a prefetch abort) or
SUBS PC,R14 aht,#8 (for adata abort). Thiswill restore both the PC and the CPSR and retry the
aborted instruction.
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Table 3-1.

3.2.4

Note:

ARM Implementation Options

The abort mechanism allows a demand paged virtual memory system to be implemented when
suitable memory-management software is available. The processor is allowed to generate arbitrary
addresses, and when the data at an address is unavailable the MMU signals an abort. The processor
traps the aborted instruction into system software which must work out the cause of the abort, make
the requested data available, and retry the aborted instruction. The application program needs no
knowledge of the amount of memory available to it, nor isits state in any way affected by the abort.

Vector Summary

Table 3-1 lists byte addresses, which normally contain a branch instruction pointing to the relevant
routines.

Vector Summary

Address Exception Mode on Entry
0x00000000 Reset Supervisor
0x00000004 Undefined instruction Undefined
0x00000008 Software interrupt Supervisor
0x0000000C Abort (prefetch) Abort
0x00000010 Abort (data) Abort
0x00000014 Not used Not used
0x00000018 IRQ IRQ
0x0000001C FIQ FIQ

Exception Priorities
When multiple exceptions arise at the same time, a fixed priority system determines the order in
which they will be handled:
1. Reset (highest priority)
Data abort
FIQ
IRQ
Prefetch abort
Undefined instruction, software interrupt (lowest priority)

© o A~ W D

Not al exceptions can occur at once. Undefined instruction and software interrupt are mutually exclusive
because they each correspond to particular (nonoverlapping) decodings of the current instruction.

If adataabort occurs at the sametime asaFIQ, and FIQs are enabled (that is, the F flag in the CPSR
isclear), the SA-110 will enter the data abort handler and then immediately proceed to the FIQ vector.
A normal return from FIQ will cause the data abort handler to resume execution. Placing data abort at
ahigher priority than FIQ is necessary to ensure that the transfer error does not escape detection; the
time for this exception entry should be added to worst-case FIQ latency cal culations.
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3.2.5 Interrupt Latencies

Calculating the worst-case interrupt latency for the SA-110 is quite complex (due to the cache,
MMU, and write buffer) and is dependent on the configuration of the whole system.

3.3 Coprocessors

The SA-110 has no external coprocessor bus, so it is not possible to add external coprocessorsto
this device.

SA-110 uses the internal coprocessor 15 for control of the on-chip MMU, caches, and clocks. If a
coprocessor other than coprocessor 15 is accessed, then the CPU will take the undefined instruction
trap. The coprocessor load, store, and data operation instructions also take the undefined
instruction trap.
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Instruction Set 4

This chapter describes the instruction timings for the SA-110. The SA-110 implementsthe ARM ™
V4 architecture as defined in the ARM Architecture Reference, Version A, dated 7 Feb 1996, with
previously noted options.

4.1 Instruction Timings

Table 4-1 lists the instruction timings for the SA-110. The result delay is the number of cyclesthe
next sequential instruction would stall if it used the result as an input. The issue cyclesisthe
number of cycles thisinstruction takes to issue. For most instructions, the result delay is zero and
the issue cycles is one. For load and stores the timing is for cache hits.

Table 4-1. Instruction Timings

Instruction Group Result Delay Issue Cycles

Data processing shift amount literal 0

o

Data processing shift amount from register

Mul or Mul/Add giving 32-bit result

ol
w| w

Mul or Mul/Add giving 64-bit result

Load single — write-back of base

Load single — load data zero extended

Load single — load data sign extended

RlRrirkr|Rr|N] R[N -

Store single — write-back of base

Load multiple (delay for last register) MAX (2, number of registers loaded)

Store multiple — write-back of base MAX (2, number of registers loaded)

Branch or branch and link

MCR

MRC

MSR to control

MRS

N|lO|O| kR[N O|O|FR|O|N|FL|O

1
1
1
3
1
2

Swap
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Configuration )

Note:

5.1

Figure 5-1.

The operation and configuration of the SA-110 is controlled with coprocessor instructions,
configuration pins, and with the memory-management page tables. The coprocessor instructions
manipulate on-chip registers that control the configuration of the cache, write buffer, MMU and a
number of other configuration options.

The shaded areasin the register and trandation diagrams are reserved and should be programmed 0O
for future compatibility.

Internal Coprocessor Instructions

The on-chip registers may be read using MRC instructions and written using MCR instructions.
These operations are allowed only in nonuser modes and the undefined instruction trap will be
taken if accesses are attempted in user mode. Figure 5-1shows the format of the internal
coprocessor instructions MRC and MCR.

Format of Internal Coprocessor Instructions MRC and MCR

31 28 27 2423 212019 1615 1211 8 7 543 0
Cond |1]1{1|0 ni CRn Rd l]1j1j1joPC 2|1 CRm
Cond —ARM™" condition codes
n — 1 MRC register read
0 MCR register write
CRn —SA-110 register
Rd —ARM register
OPC 2 — Function bits for some MRC/MCR instructions
CRm — Function bits for some MRC/MCR instructions
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5.2

Registers

In

The SA-110 contains registers that control the cache and MMU operation. Theseregisters are

accessed using CPRT instructions to coprocessor 15 with the processor in any privileged mode.
Only some of registers 0..15 are valid; the result of an accessto an invalid register is
UNPREDICTABLE. Table 5-1 shows the SA-110 registers.

tel.

Table 5-1. SA-110 Registers
Register Register Reads Register Writes
0 ID register Reserved
1 Control Control
2 Translation table base Translation table base
3 Domain access control Domain access control
4 Reserved Reserved
5 Fault status Fault status
6 Fault address Fault address
7 Reserved Cache operations
8 Reserved TLB operations
9..14 Reserved Reserved
15 Reserved Test, clock, and idle
5.2.1 Register 0 —ID
Register Oisaread-only register that returns the code for this chip: 0x4401A 10x. The low-order
four bits of the register are the chip revision number.
31 24 23 16 15 4 3 0
44 01 A10 Revision
5-2 SA-110 Microprocessor Technical Reference Manual
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Register 1 — Control

Register 1 isread/write register and contains control bits. All writable bitsin thisregister areforced
low by reset. The shaded bits (also labeled r) are reserved and are not readable or writable.

31 30

12 9

0| O

8
0/ 0] 0] 0] 0| O] O] O] O|O|I|0O]O|R'S

7 6 543210
B|1|1|1|W|C|AM

Bit

Name

Description

Enable/Disable
0 — On-chip memory-management unit disabled.
1 — On-chip memory-management unit enabled.

Address Fault Enable/Disable
0 — Alignment fault disabled.
1 — Alignment fault enabled.

Data Cache Enable/Disable
0 — Data cache disabled.
1 — Data cache enabled.

Write Buffer Enable/Disable
0 — Write buffer disabled.
1 — Write buffer enabled.

Big/Little Endian
0 — Little endian operation.
1 — Big endian operation.

System

This selects the access checks performed by the memory-management
unit.

See the ARM Architecture Reference for more information.

ROM

This selects the access checks performed by the memory-management
unit.

See the ARM Architecture Reference for more information.

12

Instruction Cache Enable/Disable
0 — Instruction cache disabled.
1 — Instruction cache enabled.

13.31

Unused.
Undefined on read. Writes ignored.
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5.2.3

5.2.4

5.2.5

5.2.6

5.2.7

5-4

intel.

Register 2 is aread/write register that holds the base of the currently active level 1 pagetable.
Bits[13:0] are undefined on read, ignored on write.

Register 2 — Translation Table Base

31 1413 0

Translation Table Base

Register 3 — Domain Access Control

Register 3 isaread/write register that holds the current access control for domains 0 to 15.

313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

15| 14| 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0

Register 4 — RESERVED

Register 4 isreserved. Accessing thisregister has no effect.

Register 5 — Fault Status

Register 5 is aread/write register. Reading this register returns the current contents of the fault
status register (FSR). The FSR is written when a data memory fault occurs or can be written by an
MCR to the FSR. Itisnot updated for a prefetch fault. See the Chapter 7, “Memory-Management
Unit (MMU)” for more details. Bits[31:9] are undefined on read, ignored on write. Bit 8is
ignored on write and is always returned as zero.

31 98 7 4 3 0

0| Domain Status

Register 6 — Fault Address

Register 6 is aread/write register. Reading this register returns the current contents of the fault
address register (FAR). The FAR iswritten when a data memory fault occurs with the address of
the data fault or can be written by an MCR to the FAR.

31 0

Fault Virtual Address
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5.2.8

Table 5-2.

5.2.9

Table 5-3.

5.2.10

Register 7 — Cache Control Operations

Configuration

Register 7 isawrite-only register. The CRm and OPC _2 fields are used to encode the cache control

operations. All other values for OPC_2 and CRm are UNPREDICTABLE.

Cache Control Operations

Function OPC_2 CRm Data
Flush 1+D 0b000 0b0111 Ignored
Flush | 0b000 0b0101 Ignored
Flush D 0b000 0b0110 Ignored
Flush D single entry 0b001 0b0110 Virtual address
Clean D cache entry 0b001 0b1010 Virtual address
Drain write buffer 0b100 0b1010 Ignored

Register 8 — TLB Operations

Register 8 isawrite-only register. The CRm and OPC_2 fields are used to encode the following
TLB flush operations. All other values for OPC_2 and CRm are UNPREDICTABLE.

TLB Control Operations

Function OPC_2 CRm Data
Flush 1+D 0b000 0b0111 Ignored
Flush | 0b000 0b0101 Ignored
Flush D 0b000 0b0110 Ignored
Flush D single entry 0b001 0b0110 Virtual address

Registers 9..14 —- RESERVED

Theresults of accessing any of these registersis UNPREDICTABLE.
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Register 15 — Test, Clock, and Idle Control
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Register 15 isawrite-only register. The CRm and OPC _2 fields are used to encode the following
control operations. All other values for OPC_2 and CRm are UNPREDICTABLE.

Test, Clock, and Idle Controls

Function OPC_2 CRm
Enable odd word loading of Icache LFSR. 0b001 0b0001
Enable even word loading of Icache LFSR. 0b001 0b0010
Clear Icache LFSR. 0b001 0b0100
Move LFSR to R14. Abort. 0b001 0b1000
Enable clock switching. 0b010 0b0001
Disable clock switching. 0b010 0b0010
Disable nMCLK output. 0b010 0b0100
Wait for interrupt. 0b010 0b1000

Icache LFSR Controls

The OPC_2=1 functions are used to control the Icache linear feedback shift register (LFSR) that is

used for manufacturing tests.

Clock Controls

The four OPC_2=2 functions are used for enabling and disabling DCLK switching, disabling the
NMCLK output, disabling M CLK output, and waiting for an interrupt. See the Chapter 8,

“Clocks” for information.
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Caches and Write Buffer 6

To reduce effective memory access time, the SA-110 has an instruction cache, adata cache, and a
write buffer. In general, these are transparent to program execution. The following sections
describe each of these units and give dl necessary programming information.

6.1 Instruction Cache (Icache)

The SA-110 contains a 16 Kbyte instruction cache (Icache). The Icache has 512 lines of 32 bytes

(8 words), arranged as a 32-way set-associative cache, and usesthe virtual addresses generated by the
processor core. The lcacheisawaysreloaded aline at atime (8 words). It may be enabled or disabled
viathe SA-110 control register and is disabled by the nRESET pin. The operation of the cache,
when memory management is enabled, is further controlled by the cacheable or C bit stored in the
memory-management page table (see the Chapter 7, “Memory-Management Unit (MMU)"). If
memory management is disabled, all addresses are marked as cacheable (C=1). When memory
management is enabled the C hit in each page table entry can disable caching for an area of virtual
memory.

6.1.1 Icache Operation

In the SA-110 the Icache will be searched regardless of the state of the C bit; only reads that miss
the Icache are affected. If, on an Icache miss, the C bit isaone or the MMU is disabled, a cache
linefill of 8 wordsis performed and it is placed in an | cache bank with a round-robin replacement
algorithm. If, on amiss, the MMU isenabled and the C bit isazero for the given virtual address, an
external memory access for asingle word is performed and the Icache will not be written. The

I cache should be enabled as soon as possible after reset for best performance.

6.1.2 Icache Validity

The Icache operates with virtual addresses, so care must be taken to ensure that its contentsremain
consistent with the virtual-to-physical mappings performed by the memory-management unit. If
the memory mappings are changed, the Icache validity must be ensured. The Icache is not coherent
with stores to memory, so programs that write cacheable instruction locations must ensure the
Icache validity. Instruction fetches do not check the write buffer, so data must not only be pushed
out of the Icache but the write buffer must a so be drained.

6.1.2.1 Software Icache Flush

The entire Icache can beinvalidated by writing to the SA-110 cache operations register (register 7).
The cache will be flushed immediately when the register is written, but note that the following
instruction fetches may come from the cache before the register is written.

6.1.3 Icache Enable/Disable and Reset

The Icache is automatically disabled and flushed on NRESET. Once enabled, cacheable read
accesses cause linesto be placed in the Icache. If the Icache is subsequently disabled, no new lines
will be placed in the Icache, but the Icacheis still searched and if the datais found, it will be used
by the processor. If the data in the Icache must not be used, then the Icache must be flushed.
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6.1.3.1

6.1.3.2

6.2

6.2.1

6.2.2

6.2.3

6.2.3.1

6-2

Enabling the Icache

To enable the Icache, set bit 12 in the control register. The MMU and Icache may be enabled
simultaneously with asingle control register write.

Disabling the Icache

To disable the Icache, clear bit 12 in the control register.

Data Cache (Dcache)

The SA-110 contains a 16 Kbyte write-back data cache (Dcache). The Dcache has 512 lines of

32 bytes (eight words), arranged as a 32-way set-associative cache, and uses the virtual addresses
generated by the processor. A line also contains the physical address the block was fetched from
and two dirty bits. Thereisadirty bit associated with both the first and second half of the block.
When a store hits in the Dcache, the dirty bit associated with it is set. When ablock isevicted from
the Dcache, the dirty bits are used to decide if all, half, or none of the block will be written back to
memory using the physical address stored with the block. The Dcacheisalwaysreloaded aline at a
time (eight words). It can be enabled or disabled viathe SA-110 control register and is disabled on
NRESET. The operation of the Dcache is further controlled by the cacheable or C bit and the
bufferable or B bit stored in the memory-management page table. See Chapter 7,
“Memory-Management Unit (MMU)”. For this reason, in order to use the Dcache, the MMU must
be enabled. However, the two functions can be enabled simultaneously with a single write to the
control register.

Cacheable Bit = C

The cacheable bit determines whether data being read can be placed in the Dcache and used for
subsequent read operations. Typically main memory is marked as cacheable to improve system
performance, and 1/0O space as noncacheable to stop the data from being stored in SA-110's
Dcache. For example, if the processor is polling a hardware flag in I/O space, it isimportant that
the processor is forced to read data from the external peripheral, and not a copy of initial data held
in the cache.

Bufferable Bit — B

The bufferable bit does not affect writes that hit in the Dcache. If a store hitsin the Dcache, the
store is assumed to be bufferable. Write-backs of dirty lines are treated as bufferable writes. See
Section 6.3, “Write Buffer (WB)” on page 6-4 for more information on the B bit.

Dcache Operation

The Dcache is searched regardless of the state of the C bit; only reads that miss the Dcache check
the C bit. The C bit controls loading the Dcache on a miss not checking the Dcache on an access.

Cacheable Reads — C=1

A cachelinefill of of eight wordsis performed and it is placed in a Dcache bank with a
round-robin replacement algorithm.

SA-110 Microprocessor Technical Reference Manual



INtal.

6.2.3.2

Note:

6.2.4

6.2.4.1

6.2.4.2

6.2.5

Caches and Write Buffer

Noncacheable Reads — C=0

An external memory access is performed and the Dcache is not written to.

Load multiplesto C = 0 space do not perform a burst read.

Dcache Validity

The Dcache operates with virtual addresses, so care must be taken to ensure that its contentsremain
consistent with the virtual-to-physical mappings performed by the memory management unit. If the
memory mappings are changed, the Dcache validity must be ensured.

Software Data Cache Flush

SA-110 supports the flush and clean operations on single entries of the Dcache by writesto the
cache operations registers. The flush whole cache is aso supported. Note that since thisisa
write-back cache, in order to prevent the loss of data, aflush whole must be preceded by a
sequence of loads to cause the cache to write back any dirty entries.

.The following code causes the main data cache to flush all dirty entries.
D+
cCall:
; RO points to the start of a 16384 byte region of readabl e data used

only for this cache flushing routine. If this area is to be used

by other code, then 32 K nust be | oaded and the flush MCR is not needed
; bl wri t eBackDcache
; Return:

RO, R1, R2 trashed

Data cache is clean

wri t eBackDcache
add r1, r0, #16384
11
Idr r2, [r0], #32
teqrl, rO0
bne I'1
mcr pl5, O, r0, c7, c6, O
nmov pc, rl4

Doubly-Mapped Space

Since the caches work with virtual addresses, it is assumed that every virtual address mapsto a
different physical address. If the same physical location is accessed by more than one virtual
address, the cache cannot maintain consistency, since each virtual address has a separate entry in
the cache, and only one entry is updated on a processor write operation. To avoid any cache
inconsistencies, doubly mapped virtual addresses should be marked as noncacheable.

Dcache Enable/Disable and Reset

The Dcache is automatically disabled and flushed on the assertion of NnRESET. Once enabled,
cacheable read accesses place lines in the cache. If subsequently disabled, no new lines are placed
in the cache; it is searched and if datais found, it is used by the processor. Write operations
continue to update the cache, thus maintaining consistency with the external memory. If the datain
the cache must not be used, then the cache must be flushed.
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6.25.1

6.2.5.2

6.3

6.3.1

6.3.2

6.3.2.1

6-4

Enabling the Dcache

To enable the Dcache, set bit 0 in the control register to enable the MMU and set bit 2 in the control
register to enable the Dcache. The MMU and Dcache can be enabled simultaneously with asingle
control register write.

Disabling the Dcache

To disable the data caches, clear bit 2 in the control register.

Write Buffer (WB)

The SA-110 write buffer is provided to improve system performance. It can buffer up to eight
blocks of dataof 1to 16 bytes, at independent addresses. It can be enabled or disabled viathe
W bit (bit 3) in the SA-110 control register and the buffer is disabled and all entries are marked
empty on reset. The operation of the write buffer is further controlled by the cacheable or C hit
and the bufferable or B bit, which are stored in the memory-management page tables. For this
reason, in order to use the write buffer, the MMU must be enabled. The two functions can be
enabled simultaneoudly with a single write to the control register. For awrite to use the write
buffer, both the W hit in the control register and the B bit in the corresponding page table must be
set. It is not possible to abort buffered writes externally; the abort pin will be ignored.

Bufferable Bit

This bit controls whether awrite operation can use the write buffer. Typically, main memory is
bufferable and 1/0 space unbufferable.

Write Buffer Operation

When the CPU performs a store, the Dcacheisfirst checked. If the Dcache hits on the store and the
protection for the location and mode of the store allows the write, then the write completesin the
cache and the write buffer is not used. If the location misses in the Dcache, then the trandation
entry for that address isinspected and the state of the B and C bits determines which of the three
following actions are performed. If the write buffer is disabled viathe SA-110 control register,
writes are treated asif the B it isa zero.

Writes to a Bufferable and Cacheable Location (B=1, C=1)

If the write buffer is enabled, and the CONFI G pin is asserted, and the processor performs awrite
to a bufferable and cacheable location, and the datais in the Dcache, then the data is written to the
Dcache and the Dcache lineis marked dirty. If awriteto abufferable areamissesin the data cache,
the datais placed in the write buffer and the CPU continues execution. When placing the write
datainto the write buffer, if the datais being written to the same 16 byte aligned area of the
previous write, then the current write is merged into the same entry in the write buffer. The write
buffer performs the external write some time later. If awriteis done and the write buffer isfull,
then the processor is stalled until there is sufficient space in the buffer. If the CONFIG pinis not
asserted, then no merging is allowed.
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6.3.2.2

Note:

6.3.2.3

6.3.3

6.3.4
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Writes to Bufferable and Noncacheable Location (B=1, C=0)

If the write buffer is enabled and the processor performs awrite to a bufferable but noncacheable
location and misses in the data cache, the datais placed in the write buffer and the CPU continues
execution. When placing the write datainto the write buffer no merging is allowed and each write
takesit own write buffer entry. The write buffer performs the external write some time later.

The case of a data cache hit for a bufferable but noncacheable locationisa system programming
bug. In this case, the datais written to the Dcache and the Dcache lineis marked dirty.

Unbufferable Writes (B=0)

If the write buffer is disabled or the CPU performs awrite to an unbufferable area, the processor is
stalled until the write buffer empties and the write compl etes externally. This will require several
external clock cycles.

Enabling the Write Buffer

To enable the write buffer, ensure the MMU is enabled by setting bit 0 in the control register, then
enable the write buffer by setting bit 3 in the control register. The MMU and write buffer can be
enabled simultaneously with a single write to the control register.

Disabling the Write Buffer

To disable the write buffer, clear bit 3 in the control register. Note that any writes already in the write
buffer will complete normally, but a drain write buffer needs to be done to force all writes out to
memory. Note the write buffer will be used for copybacks from the Dcache even when it is disabled.
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Memory-Management Unit (MMU) !

The SA-110 implements the standard ARM "™ memory-management functions using two 32-entry
fully associative TLBs. Oneis used for instruction accesses and the other for data accesses. On a
TLB miss, the trandation table hardware is invoked to retrieve the trand ation and access
permission information. Once retrieved, if the entry mapsto avalid page or section, then the
information is placed into the TLB. The replacement algorithm in the TLB is round robin. For an
invalid page or section, an abort is generated and the entry is not placed in the TLB.

7.1 MMU Registers

Seethe Section 5.2, “Registers’ on page 5-2 for adescription of the MMU coprocessor 15 registers
supported by the SA-110.

7.2 MMU Faults and CPU Aborts

The MMU generates four faults:
¢ Alignment fault
¢ Trandation fault
¢ Domain fault

* Permission fault

Alignment faults are generated by word loads or stores with the low-order two address bits not
zero, and by load or store half words when the low-order address bit is aone. Translation faults are
generated by access to pages marked invalid by the memory-management page tables. Domain
faults and permission faults are generated by accesses to memory disallowed by the current mode,
domain, and page protection. Seethe ARM Architecture Reference for more information.

SA-110 Microprocessor Technical Reference Manual 7-1



u
Memory-Management Unit (MMU) Intel ®

7.3

7.3.1

7.3.2

7-2

External Aborts

In addition to the MM U-generated aborts, the SA-110 has an external abort pin that can be used to
flag an error on an external memory access. However, some accesses aborted in thisway are not
restartable. Not all accesses can be aborted in this way, so this pin must be used with great care.
Writes to memory areas marked as bufferable ignore the external abort pin.

The following accesses can be aborted and restarted safely. If any of the following accesses are
aborted, the external accesswill cease on the next cycle. In the case of a read-lock-write sequence
in which the read aborts, the write will not happen.

¢ Reads
Unbuffered writes

Level one descriptor fetch
Level two descriptor fetch
Read-1ock-write sequence

Cacheable Reads (Cache Line Fills)

A cachelinefill can be safely aborted on any word in the transfer. If an abort occurs during the
cachelinefill, the cache is purged so it will not contain invalid data. It the abort happens before the
word that was requested by the accessis returned, the load is aborted. It the abort happens after the
word that was requested by the access is returned, the load completes and thefill is aborted (but no
exception is generated).

Buffered Writes

Buffered writes cannot be externally aborted. Therefore, the system should be configured such that
it does not do buffered writes to areas of memory that are capable of flagging an external abort.
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Table 7-1.
Note:
Note:

Memory-Management Unit (MMU)

Interaction of the MMU, Icache, Dcache and Write
Buffer

TheMMU, Icache, Dcache, and write buffer can be enabled or disabled independently. The Icache
can be enabled with the MMU enabled or disabled. However, the Dcache and write buffer can only
be enabled when the MMU is enabled. Because the write buffer is used to hold dirty copy-back
cached lines from the Dcache, it must be enabled along with the Dcache. Table 7-1 lists the only
four of the eight combinations of the MM U, Dcache, and write buffer enables that are valid. There
are no hardware interlocks on these restrictions, so invalid combinations will cause undefined
results.

Valid MMU, Dcache and Write Buffer Combinations

MMU Dcache Write Buffer
Off Off Off
On Off Off
On Off On
On On On

To enablethe MM U:

1. Program the trandation table base and domain access control registers.

2. Program level 1 and level 2 page tables as required.

3. Enablethe MMU by setting bit 0 in the control register.
Care must be taken if the trandated address differs from the untrans ated address because the three
instructions following the enabling of the MMU may have been fetched using “flat trandation”,

and enabling the MMU may be considered as a branch with delayed execution. A similar situation
occurs when the MMU is disabled. Consider the following code sequence:

MoV R1, #0x1

MCR 15,0, R1, 0,0; Enable MW
Fetch FI at

Fetch Fl at

Fetch Fl at

Fetch Transl at ed

Todisablethe MM U:
1. Disablethe write buffer by clearing bit 3 in the control register.
2. Disablethe Dcache by clearing bit 2 in the control register.
3. Disablethe Icache by clearing bit 12 in the control register.
4. Disablethe MMU by clearing bit 0 in the contral register.

If the MMU is enabled, then disabled and subsequently reenabled, the contents of the TLB are
preserved. If these settings are invalid, the TLB should be flushed before reenabling the MMU.

All three functions can be disabled simultaneousdly.
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Clocks 3

8.1

8.2

This chapter describes the SA-110 clocks.

SA-110 Operating Modes

The SA-110 supports three operating modes: normal, idle, and sleep. The SA-110 can be switched
between the three operating modes to minimize power consumption. In norma mode, the chip
executes instructions. In idle mode, no instructions are executed but the internal phase-locked loop
(PLL) continuesto run. In sleep mode, the core power (VDD) is switched off; the chip does not
execute instructions, and the PLL does not run. The I/O power, VDDX, isused to hold al of the
output pinsthat are enabled at alow state except nMREQ, which isheld at a high state.

SA-110 Clocking

The SA-110 receives a 3.57/3.68-MHz clock (CLK) from a crystal-based clock generator on the
CLK pinand uses an internal PLL to lock to the input clock and multiply the frequency by a
variable multiplier to produce ahigh-speed core clock (CCLK). The 3.57/3.68-MHz oscillator and
PLL run constantly in normal and idle modes. There are two clocking domains in the SA-110:

¢ Corelogic domain clocked by DCLK
¢ Businterface domain clocked by MCLK

The core clock, DCLK, switches between being driven by the high-speed core clock, CCLK and
the bus clock, MCLK. CCLK is used except when SA-110 iswaiting for fills to complete after a
cache miss.

At RESET, clock switching is disabled and the DCLK isdriven from MCLK. The time from the
deassertion of the NRESET (and the nPWRSL P) pin until the chip comes out of reset (and
NRESET_OUT deasserts) is about 150 psecs and is asynchronous (to M CLK). The clock switching
can aso bedisabled by writing to the coprocessor 15 register 15 with OPC_2=2 and CRm=2. Clock
switching is enabled by writing to the coprocessor 15 register 15 with OPC_2=2 and CRm=L1.
Disabling switching only disables switching for DCLK;; it does not forcethe DCLK to MCLK. To
force DCLK to bedriven by MCLK after disabling switching, force an instruction or data cache miss.

The SA-110 can be configured to either source or sink the MCLK pin. If SnA isdeasserted, MCLK is
an input to the SA-110. If SnA isasserted, the SA-110 drivesthe M CLK pin with clock generated by
dividing CCLK by 2 to 9 as specified by the M CCFG pins. The SA-110 synchronizes signals, which
cross between the CCLK and MCLK domains. The SnA pin should be programmed by connecting it
to VDDX or VSS and should not change. With SnA asserted nM CLK, aninverted copy of MCLK is
also provided. It isenabled at reset and can be disabled by writing to the coprocessor 15 register 15
with OPC_2=2 and CRm=4 to save power if it isnot used. If SnA isal, thenMCLK and nMCLK
start clocking about 10 psecs beforethenRESET_OUT deasserts. If SnA is deasserted, the nM CLK
pinisheld high. The only difference between running with SnA asserted or deasserted isthat MCLK
isdriveninto or out of the SA-110. The SnA modeisintended to provide alow-cost system clock. For
the highest performance systems, an external clock generator may be a better choice.
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With SnA deasserted, idle modeis entered by disabling clock switching and then doing aload from
anoncacheable location (C=0). The external driver of MCLK should then stop MCLK to stop the
SA-110 from executing instructions. To resume normal operation, MCLK isrestarted and clock
switching is enabled.

Switching to Idle Mode

With SnA asserted, idle mode is entered by disabling clock switching, then doing aload from a
noncacheable location (C=0), and then doing a wait for interrupt instruction. The SA-110 stops
driving MCLK when it islow and holds M CLK low. Asserting either nFIQ or nIRQ will cause
MCLK to start clocking again. To resume normal operation, reenable clock switching.

Switching to Sleep Mode

To enter eep mode, first assert NRESET for at least 20 ns and then assert nPWRSL P, and then
switch off the VDD power (drive VDD to 0 V). To exit sleep mode, restore the VDD supply and
deassert NRESET and nPWRSL P. The order of deassertion of NRESET and nPWRSL P does not
matter. Note there is no difference between initial reset and leaving sleep mode.

Core Clock Configuration (CCCFG)

The high-speed core clock frequency is configured at reset by the four core clock configuration
pins (CCCFGJ[3:0]). These pins should be programmed by connecting them to VDDX or VSS and
should not change.

CCLK Configurations

Cc\faﬁfeB” CCLK F'(/elzﬂlzjency in CCLK F'(/leﬂlzjency in
(3.57-MHz Input) (3.68-MHz Input)
0 85.7 88.3
1 92.7 95.6
2 96.4 99.4
3 103.5 106.7
4 139.2 143.5
5 146.4 150.9
6 157.1 161.9
7 164.2 169.3
8 185.6 191.3
9 196.3 202.4
10 207 213.4
11 221.3 228.1

Memory Clock Configuration (MCCFG)

If SnA is asserted, then the M CLK frequency is selected by the three memory clock configuration
pins (M CCFG[2:0]). These pins should be programmed by connecting them to VDDX or VSS and
should not change. Table 8-2 liststhe M CLK divisors as afunction of the M CCFG pins. With SnA
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asserted, MCLK isa50% duty cycle clock. The nominal frequency isthe CCLK frequency divided
by the selected divisor. With SnA asserted, thelow and high period of MCLK isgenerated at £5% of
the nominal frequency short term and at the error of the crystal oscillator long term.

Note: Some combinations of M CCFG and CCCFG settingswill produce an MCLK output that exceeds
the maximum supported M CLK frequency. For pass one parts, an odd divisor n with a CCLK
cycle time of Tcyclewill produce an M CLK with ahigh time of Tcycle*(n-1)/2 and alow time of
Tcycle* (n+2)/2.

Table 8-2. MCLK Configurations

CCLK

MCCFG Divisor

N ool bd~|[wW|N| ]| O
Ol 0| N[O |l W|DN

8.2.5 Tester and Debug Clocks

If TCK_BYPishigh, thenthe PLL output isnot used and the high-speed core clock is supplied
externaly on the TESTCLK pin. Thismodeisfor testing purposes only and is not supported for
standard operation. There are important restrictions on the use of TESTCLK that must be observed
to avoid permanent damage to the chip. Casua use of TESTCLK is strongly discouraged.

SA-110 Microprocessor Technical Reference Manual 8-3






intel.

Bus Interface 9

9.1

9.1.1

Note:

Table 9-1.

Table 9-2.

This section describes the external bus interface for the SA-110.

Bus Modes

The SA-110 bus has two modes: standard and enhanced. When in enhanced mode, data cache line
fills are wrapped to provide the critical word first and the write buffer allows more generalized
merging. The CONFIG signal is asserted (=1) for enhanced mode and deasserted (=0) for
standard mode. The CONFI G signal can only change while nRESET is asserted.

Standard and Enhanced Mode

In enhanced mode, line fills are performed with the critical word first. The burst read iswrapped at
the end of the 4-word cache subblock, then the other subblock is accessed in the same order. In
standard mode, linefills are started on cache block word 0 so no wrap is needed. The byte mask is
presented on the A[1:0] and MAS[1: 0] pins and the byte mask hits are asserted low on reads to
indicate the required data.

This matches current SRAMSs, burst mode EDO DRAMS, and SDRAMS.

Enhanced Mode Wrapping Order

Miss Address Bits [4:2] Fill Order

0 0,1,2,3,4,56,7

1,2,3,0,5,6,7,4
2 2,3,0,1,6,7,4,5
3 3,0,1,2,7,4,5,6
4 4,5,6,7,0,1,2,3
5 56,7,4,1,2,3,0
6 6,7,4,52,30,1
7 7,4,5,6,3,0,1,2

In enhanced mode, the write buffer is allowed to merge random byte, half word, and word stores.
On each bus cycle the word address is specified on the A[31:2] pins and the bytes to be
read/written are specified by abyte mask. The byte mask bits [3:0] specify that bytes [3:0] of the
data bus are being transferred. The bytemask is presented onthe A[1:0] and MAS[1:0] pinsand
is asserted low. (See Table 9-2.)

Byte Mask
Byte Mask Pins Dbus Bytes
Al1] D[31:24]
A[0] D[23:16
MASJ[1] D[15:8]
MAS[0] D[7:0]
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In standard mode, the write buffer will only merge stores from store multiple instructions and
castouts. In standard mode, aM AS[1:0] of 2 isfor aword, alisfor ahafword, and aOisfor a
byte. The full byte address of the transfer is given by A[31:0].

Read data must always be returned on the correct byte of the data bus D[31:0]. The chip provides
write data on the data bus bytes specified by the byte mask in enhanced mode or by the low-order
two address bits and the memory access size in standard mode.

Unlike previous ARM"" chips, the SA-110 does not replicate byte stores to all four bytes of the data
bus.

SA-110 Bus Stalls

Thebusinterfaceis controlled by M CLK, and al timing parameters are referenced with respect to
this clock. The way the bus is stalled depends on the mode of the bus. If the systemis providing
MCLK (SnA=0), the busis stalled in one of two ways.

e Thelow or high phases of the clock may be stretched.

* NWAIT can beused toinsert entire MCLK cyclesinto the access. When low, this
signal maintainsthe low phase of the cycle by gating out M CLK internally. Thesignal
NWAIT isasserted before the rising edge of M CLK and latch by the SA-110.

If the SA-110is providing M CLK (SnA=1), only the nWAIT signal can be used to stall the bus
with the same timing as with SnA=0.

The abort input is not sampled during clock cycles where nWAIT is stalling the bus.

Cycle Types

There are two cycle types performed by the SA-110. These areidle cycles and sequential cycles.
Idle and sequentid cycles are combined to perform memory accesses. The two cycle types are
differentiated by nMREQ. The SEQ signal isthe inverse of nMREQ and is provided for
compatibility with earlier memory controllers. Because NMREQ and SEQ are pipelined, their
value determines what type the following cycle will be. NMREQ and SEQ become valid during
the low phase of the cycle before the one to which they refer. Table 9-3 shows the encoding used to
generate theidle and sequential cycles.

Cycle Type Encodings

nMREQ Cycle Type

0 Sequential

1 Idle

The address from the SA-110 becomes valid during the high phase of MCLK, but can be delayed
by using APE. It is also pipelined, and its value refers to the following memory access.
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Memory Access

There are two types of memory access. These are nonsequential and sequential. The
nonsequential cycles occur when a new memory access takes place. Sequential cycles occur when
the cycleis of the same type as, and the address is 1 word (4 bytes) greater than, the previous
access or during cache linefills. Cache linefill cycles occur in response to a cache miss and the
address sequence is given above. Burst reads are only done for cache line fills. Burst writes are
done for castouts of dirty data and data stores that have merged in the write buffer. Cachelinefills
have the CLF high and use the defined wrapping order but otherwise are the same as sequential
cycles. CLF hasthe sametiming as the address.

Nonsequential accesses consist of anidle cyclefollowed by a sequential cycle; sequential accesses
consist simply of asequential cycle.

Read/Write

Memory accesses may be read or write, differentiated by the signal nRW. This signal has the same
timing as the address. In the case of awrite, the SA-110 outputs data on the data bus during the
memory cycle. They become valid during M CLK low, and are held until the end of the cycle. In
the case of aread, the datais sampled at the end of the memory cycle. nRW may not change during
asequential or cachelinefill access, so if aread from address A isfollowed immediately by awrite
to address (A+4), then the write to address (A+4) would be a nonsequential access.

Address Pipeline Enable (APE)

APE isused to control the timing of the address signalsincluding A[31:0], MAS[1:0], nRW,
CLF, and LOCK. Normally these signals change during M CLK high, but they may be held to the
next MCLK low if APE islow. APE isastatic configuration pin and must remain stable at all
times. The remaining sectionsin this chapter assume APE is high. If APE islow the address will
be heldaM CLK phase longer and be driven an MCLK phase | ater.

Memory Access Types

The following timing diagrams assume APE is high and are only included to demonstrate timing
relationships.

Figure 9-1 shows a one-word read or write memory access. Figure 9-2 shows a two-word
sequential access. Figure 9-3 shows two one-word accesses back-to-back. Notice that anidle cycle
followed by a sequential cycle distinguishes a nonsequential access.
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Figure 9-1. Read or Write (One Word)

Cycle Type Idle Idle Seq Idle
MCLK L 1 7 7 °1 [/ "1

A[3L:0] | X | |

MAS,CLF

nRW X

NMREQ
SEQ

D[31:0]
WRITE
D[31:0]
READ

Figure 9-2. Sequential Read or Write (Two Word)

Cycle Idle Idle Seq Seq Idle
MCLK 0 7 [ I LI |

A[31:0] X " a X at4

MAS,CLF
NMREQ | |

SEQ | |

nRW X
D[31:0]
WRITE
D[31:0]
READ

Figure 9-3.  Two 1-Word Nonsequential Reads or Writes Back-to-Back

Cycle Idle Idle Seq Idle Seq
MCLK - 7 =7 7 I L[] |
A[31:0]

MAS,CLF >< al >< az

NMREQ

SEQ J

nRW X

D[31:0]

WRITE

D[31:0]

READ

Note. Thedatabusis piped one cycle after the address bus. This meansthat for aread following awrite, the
databusis not tristated by the processor until the falling edge of MCLK inthe SEQ cycle of the
READ. Natice that the asserting nWAI T will extend the time the processor is driving the data bus.
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External Accesses

The SA-110 performs bus access for many different operations. All are constructed by
combinations of nonsequential or sequential accesses. There may be any number of idle cycles
between two other memory accesses. If amemory accessis followed by an idle period on the bus
(as opposed to ancther nonsequential access), then the address A[31:0], and the signalsnRW and
DL[1:0] will remain at their previous value in order to avoid unnecessary bus transitions.

The accesses performed by a SA-110 are:

Unbuffered write Level 1 trandation fetch
Uncached read Level 2 trandation fetch
Buffered write Cache line copy-back
Cachelinefill Read-lock-write sequence

Unbuffered Writes/Noncacheable Reads

Unbuffered writes and noncacheable reads are the most basic access types. Each may consist of a
single access. The cycles aways reflect the type (read or write) of the instruction requesting the
cycle. Level 1 and level 2 translation fetches also generate noncacheabl e reads.

Buffered Write

Buffered writes can consist of sequential or nonsequential accesses. Note, if in enhanced mode,
that if several write accesses are stored concurrently within the write buffer, then each access on the
bus will start with a nonsequential access. If several write accesses occur to the same cache
subblock, the SA-110 will merge these in the write buffer and write to memory using severa
sequential accesses with the byte masks indicating the valid byte lanes. Burst writes are done for
castouts of dirty data and data stores that have merged in the write buffer. Cache line copy-backs
are also buffered writes.

Cache Line Fill

This access appears on the bus as a nonsequential access followed by sequential accesses. Cache
linefills are not required to start on an 8-word boundary and will be 8 wordslong. Thefirst access
will fetch the critical word if the busisin enhanced mode or word O if in standard mode. CLF will
be high for line fetches.Figure 9-4 is a cache line fill in enhanced mode. If it wasin standard mode
the fill would have started at location 0x00 rather than location 0x18.
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Figure 9-4.  Cache Line Fill

Cycle Idle Idle Seq Seq Seq Seqg  Sgq
meew [ ) [ [ L L] L_| |

A[31:0] a=0x18 a=0x1CX a=0x10 a=0x14 <a=0x08
MAS,CLF >< >< ><

NMREQ |

SEQ |
NRW
CLF

D[31:0]
READ

9.11 Read-Lock-Write

The read-lock-write sequence is generated by an SWP instruction to a noncacheabl e/nonbufferable
location. On the busit consists of asingle word read access followed by a single word write access
to the same address, and both are treated as nonsequential accesses. The cycle is differentiated by
the LOCK signal. LOCK hasthetiming of address; that is, it goes high in the high phase of

MCLK at the start of the read access. However, it always goes low at the end of the write access,
even if the following cycleisanidle cycle (unless of course the following access was a
read-lock-write sequence). There may be several idle cycles between the read and the write. Note
that for a cacheable/bufferable access, the two accesses are done in the data cache preceeded by a
cachelinefill, if needed.

Figure 9-5. Read-Lock-Write

wee [ ) L] L L) L] L[] |

A[31:0] Address
MAS,CLF

NMREQ .
SEQ R I
LOCK

nRW |
Read Write

D[31:0]

9-6 SA-110 Microprocessor Technical Reference Manual



intel.

9.12

Figure 9-6.

9.13

9.13.1

9.13.2
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Stalling the Bus

The SA-110 can be stalled by nWAI T, as shown for aload in Figure 9-6. Thefollowing diagram shows
part of aload request that has been stalled for one cycle waiting for return data on the third word.

Using nWAIT to Stop the SA-110 for One MCLK Cycle

weew [ L] [ L] L] L[] |

A[31:0
M[AS,C]LF

NMREQ | |

SEQ | |

nWAIT

D[31:0]
READ

>_

The SA-110 samplesthe nWAIT signal pin at time A. The signal nWAIT must meet setup and hold
requirements with respect to therising edge of MCLK at A. Without the stall cycle, the datawould
have been sampled at time B. Inserting asingle stall cycle causes the data to be sampled at time C.

Summary of Transactions

The SA-110 will generate only a subset of all possible transactions on the bus. The SA-110 will
generate only single nonsequential transactions and bursts described in the following sections.

Read Bursts

The only actionsthat cause read bursts are cache linefills. All other reads will be single
nonsequential accesses. All cache linefills are 8 words long.

Write Bursts

In standard mode, write bursts are caused by STM to B=1 locations and castouts of the data cache.
Because the data cache keeps a dirty bit for each 16-byte subblock in standard mode, write bursts are
either 4 or 8 words long. 1n enhanced mode, the write buffer will merge random writes. The write
burst sizesin enhanced mode are 2, 3, 4, or 8words. The CLF bitisset on stores. The CLF signal is
asserted on stores for all 32-byte write bursts. Note that pass one parts never assert CLF on writes.
When CLF is asserted, the external memory system does not need to wait until the byte mask
information is valid during write bursts. Optimization is aided because dl byte lanes will be valid.
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9.13.3 Transaction Summary

Table 9-4 lists al the transactions that the SA-110 can generate. No burst will cross an aligned
32-byte boundary.

Table 9-4. SA-110 Transactions

Opsr‘f,jion CONFIG | "t 2&?:;% Notes

Bits [4:2]
Read single [ Oor 1 1 Any
Read burst | 0 8 0 Generated by cache line fills. CLF is asserted.
Read burst | 1 8 Any Generated by cache line fills. CLF is asserted.
Write single | O 1 Any
Write single | 1 1 Any 1..4 bytes are written as specified by the byte mask.
Write burst | 0 2 0,1,2,4,5,6 | All 8 bytes are written.
Write burst | O 3 0,1,4,5 All 12 bytes are written.
Write burst | 0 4 0,4 All 16 bytes are written.
Write burst | 1 2 0,1,2,4,5,6 | Each word can have one to four bytes written.
wiesust (1 3[04 | oo ancisstuere con e one o o e e
wiesust (1[4 o4 | e ancian o can e one o o e wren
Write burst | Oor1 8 0 CLF is asserted and all 32 bytes are written.
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Boundary-Scan Test Interface 10

The boundary-scan interface conforms to the IEEE standard 1149.1 — 1990, Standard Test Access
Port and Boundary-Scan Architecture. Refer to this standard for an explanation of the terms used
in this section and for a description of the test access port (TAP) controller states. The SA-110
supports only JTAG continuity testing.

10.1 Overview

The boundary-scan interface provides a means of driving and sampling all the external pins of the
device irrespective of the core state. This function permits testing of both the device's electrical
connectionsto the circuit board, and (in conjunction with other devices on the circuit board having
asimilar interface) testing the integrity of the circuit board connections between devices. The
interface intercepts all external connections within the device, and each such "cell" isthen
connected together to form a serial register (the boundary-scan register). The whole interface is
controlled viafive dedicated pins: TDI, TM'S, TCK, nTRST and TDO. Figure 10-1 shows the
state transitions that occur in the TAP controller.

Figure 10-1. Test Access Port (TAP) Controller State Transitions

‘ Test-Logic Reset

tms=1

tms=0 tms=1
tms=1 tms=1
Run-Test/Idle Select-DR-Scan Select-IR-Scan
tms=0 tms=0 tms=0
Capture-DR Capture-IR
tms=1 tms=1
tms=0 tms=0

AR DS

tms=1 Ms=0

Exitl-DR
tms=1

tms=0

GO

tms=1 (ms=0

tms=0
Exit2-DR

tms=0
Exit2-IR

Com 0

tms=1 tmMs=0

Exitl-IR

tms=1
tms=0

=D

tms=1 (Ms=0

tms=1 tms=1
Update-DR Update-IR
tms=1 tms=0 tms=1 tms=0
-
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10.2 Reset

The boundary-scan interface includes a state-machine controller (the TAP controller). In order to
force the TAP controller into the correct state after power up of the device, areset pulse must be
applied to the nTRST pin. If the boundary-scan interface is to be used, then nTRST must be
driven low, and then high again. If the boundary-scan interface is not to be used, then the nTRST
pin may betied permanently low. Note that aclock on TCK is not necessary to reset the device.

The action of reset (either apulse or adc level) isasfollows:

System modeis selected.
The boundary-scan chain does NOT intercept any of the signals passing between the pads
and the core.

I Dcode mode is selected.
If TCK ispulsed, the contents of the ID register will be clocked out of TDO.

10.3 Pull-Up Resistors

The |IEEE 1149.1 standard effectively requiresthat TDI, nTRST and TM S should have internal
pull-up resistors. In order to minimize static current draw, NnTRST has an internal pull-down
resistor. These four pins can be left unconnected for normal operation and overdriven to use the
JTAG features.

10.4 NPWRSLP

The nPWRSL P input pin is not sampled by the JTAG interface and must be deasserted to use the
JTAG interface. The TDO pin istristated when nPWRSL P is asserted.

10.5 Instruction Register

Theinstruction register is five bitsin length. There is no parity bit. The fixed value loaded into the
instruction register during the CAPTURE-IR controller state is: 00001.
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Table 10-1.

10.6.1

10.6.2

Boundary-Scan Test Interface

Public Instructions

Table 10-1 lists the supported public instructions.

Public Instructions

Instruction Binary Code
EXTEST 00000
SAMPLE/PRELOAD 00001
CLAMP 00100
HIGHZ 00101
IDCODE 00110
BYPASS 11111
Private 00010, 00011, 00111, 01000-01111, 10000-11110

In the descriptions that follow, TDI and TM S are sampled on the rising edge of TCK and all
output transitions on TDO occur as a result of the falling edge of TCK.

EXTEST (00000)

The boundary-scan (BS) register is placed in test mode by the EXTEST instruction. The EXTEST
instruction connects the BS register between TDI and TDO. When the instruction register is
loaded with the EXTEST instruction, all the boundary-scan cells are placed in their test mode of
operation.

In the CAPTURE-DR dtate, inputs from the system pins and outputs from the boundary-scan
output cells to the system pins are captured by the boundary-scan cells. In the SHIFT-DR state, the
previously captured test datais shifted out of the BS register viathe TDO pin, while new test data
is shifted in viathe TDI pin to the BS register parallel input latch. In the UPDATE-DR state, the
new test datais transferred into the BS register parallel output latch. Note that this datais applied
immediately to the system logic and system pins.

SAMPLE/PRELOAD (00001)

The BS register is placed in normal (system) mode by the SAMPLE/PRELOAD instruction. The
SAMPLE/PREL OAD instruction connects the BS register between TDI and TDO. When the
instruction register isloaded with the SAMPLE/PREL OAD instruction, all the boundary-scan cells
are placed in their normal system mode of operation.

In the CAPTURE-DR state, a snapshot of the signals at the boundary-scan cellsis taken on therising
edge of TCK. Normal system operation is unaffected. Inthe SHIFT-DR state, the sampled test datais
shifted out of the BSregister viathe TDO pin, while new datais shifted in viathe TDI pin to preload
the BSregister parallel input latch. In the UPDATE-DR dtate, the preloaded datais transferred into
the BSregister parallel output latch. Note that this datais not applied to the system logic or system
pins while the SAMPLE/PREL OAD instruction is active. Thisinstruction should be used to preload
the boundary-scan register with known data prior to selecting EXTEST ingtructions. See Table 10-2
for appropriate guard values to be used for each boundary-scan cell.
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10.6.3

10.6.4

10.6.5

10.6.6

10-4

CLAMP (00100)

The CLAMP instruction connects a 1-bit shift register (the BY PASS register) between TDI and TDO.

When the CLAMP instruction isloaded into the instruction register, the state of all output signalsis
defined by the values previously loaded into the boundary-scan register. A guarding pattern
(specified for this device at the end of this section) should be prel oaded into the boundary-scan
register using the SAMPLE/PRELOAD instruction prior to selecting the CLAMP instruction.

Inthe CAPTURE-DR state, alogic 0 is captured by the bypass register. Inthe SHIFT-DR state, test
datais shifted into the bypass register viaTDI and out via TDO after adelay of one TCK cycle.
Note that the first bit shifted out will be a zero. The bypass register is not affected in the
UPDATE-DR state.

HIGHZ (00101)

The HIGHZ instruction connects a 1-bit shift register (the BY PASS register) between TDI and
TDO. When the HIGHZ instruction is |oaded into the instruction register, all outputs are placed in
an inactive drive state.

Inthe CAPTURE-DR state, alogic 0 is captured by the bypass register. Inthe SHIFT-DR state, test
datais shifted into the bypass register viaTDI and out via TDO after adelay of one TCK cycle.
Note that the first bit shifted out will be a zero. The bypass register is not affected in the
UPDATE-DR state.

IDCODE (00110)

The IDCODE ingtruction connects the device identification register (or ID register) between TDI and
TDO. The ID register isa32-hit register that allows the manufacturer, part number and version of a
component to be determined through the TAP. When the instruction register isloaded with theIDCODE
ingtruction, all the boundary-scan cells are placed in their normal (system) mode of operation.

In the CAPTURE-DR state, the device identification code (specified at the end of this section) is
captured by the ID register. In the SHIFT-DR state, the previously captured device identification
code is shifted out of the ID register viathe TDO pin, while datais shifted in viathe TDI pin into
the ID register. In the UPDATE-DR state, the ID register is unaffected.

BYPASS (11111)

The BY PASS instruction connects a 1-bit shift register (the BY PASS register) between TDI and
TDO. When the BY PASS instruction isloaded into the instruction register, al the boundary-scan
cells are placed in their normal (system) mode of operation. This instruction has no effect on the
system pins.

Inthe CAPTURE-DR state, alogic 0 is captured by the bypass register. Inthe SHIFT-DR state, test
datais shifted into the bypass register viaTDI and out via TDO after adelay of one TCK cycle.
Note that the first bit shifted out will be a zero. The bypass register is not affected in the
UPDATE-DR state.
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10.7

Test Data Registers

Figure 10-2 illustrates the structure of the boundary-scan logic.

Figure 10-2. Boundary-Scan Block Diagram
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10.7.1

10.7.2

10-6

Bypass Register

The bypassregister isasingle bit register that can be selected as the path between TDI and TDO to
allow the device to be bypassed during boundary-scan testing.

Length: 1 bit

Operating Mode: When the BY PASS instruction is the current instruction in the instruction
register, serial dataistransferred from TDI to TDO in the SHIFT-DR state with adelay of one
TCK cycle.

Thereisno parallel output from the bypass register. A logic 0 isloaded from the parallel input of
the bypass register in the CAPTURE-DR state.

Device Identification (ID) Code Register

The ID register is used to read the 32-bit device identification code. No programmable
supplementary identification code is provided.

Length: 32 bits

Operating Mode: When the IDCODE instruction is current, the ID register is selected as the seria
path between TDI and TDO.

The format of the ID register is as follows:

31 28 27 1211 0

Version Part Number JEDEC Code

The high-order four bits of the ID register are the version and bits 27..0 are 0x102C06B.

Thereisno parallel output from the ID register. The 32-hit deviceidentification code is loaded into
the ID register from its parallel inputs during the CAPTURE-DR state.
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10.7.3 Boundary-Scan (BS) Register

The BS register consists of a serially connected set of cells around the periphery of the device, at
the interface between the core logic and the system input/output pads. This register can be used to
isolate the pins from the core logic and then drive or monitor the system pins.

Operating modes: The BS register is selected as the register to be connected between TDI and
TDO only during the SAMPLE/PRELOAD and EXTEST instructions. Valuesin the BS register
are used, but are not changed, during the CLAMP instruction.

In the normal (system) mode of operation, straight-through connections between the corelogic and
pins are maintained and normal system operation is unaffected.

In TEST mode (when EXTEST isthe currently selected instruction), values can be applied to the
output pins independently of the actual values on the input pins and core logic outputs. On the
SA-110 all of the boundary-scan cells include an update register and thus all of the pins can be
controlled in the above manner. An additional boundary-scan cell isinterposed in the scan chainin
order to control the enabling of the data bus.

The correspondence between boundary-scan cells and system pins, system direction controls and
system output enablesis as shown in Table 10-3. The cells are listed in the order in which they are
connected in the boundary-scan register, starting with the cell closest to TDI.

The EXTEST guard values specified in Table 10-3 should be clocked into the boundary-scan
register (using the SAMPLE/PREL OAD instruction) before the EXTEST instruction is selected, to
ensure that known data is applied to the core logic during the test. This guard value should also be
used when new EXTEST vectors are clocked into the boundary-scan register.

The values stored in the BS register after power-up are not defined. Similarly, the values previously

clocked into the BS register are not guaranteed to be maintained across a boundary-scan reset
(from forcing nTRST low or entering the test logic reset state).
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10.8 Boundary-Scan Interface Signals

Figure 10-3, Figure 10-4, and Figure 10-5 show the typical timing for the BS register.

Figure 10-3. Boundary-Scan General Timing
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Figure 10-4. Boundary-Scan Tristate Timing
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Figure 10-5. Boundary-Scan Reset Timing

Table 10-2.

Boundary-Scan Test Interface
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Table 10-2 shows the SA-110 boundary-scan interface timing specifications.

SA-110 Boundary-Scan Interface Timing

Symbol Parameter Min Max Units Notes
Thbscl TCK low period 50 — ns 9
Tbsch TCK high period 50 — ns 9
Thsis TDI, TMS setup to [TCr] 15 — ns —
Tbsih TDI, TMS hold from [TCr] 25 — ns —
Thsoh TDO hold time 1 — ns 1
Thsod TCf to TDO valid — 40 ns 1
Tbsss 1/0 signal setup to [TCr] 15 — ns 4
Thssh 1/0 signal hold from [TCr] 25 — ns 4
Tbhsdh Data output hold time 1 — ns 5
Thsdd TCf to data output valid — 40 ns —
Thsoe TDO enable time 5 — ns 1,2
Thsoz TDO disable time — 40 ns 1,3
Thsde Data output enable time 5 — ns 56
Thsdz Data output disable time — 40 ns 57
Thbsr Reset period 30 — ns —
Tbsrs Tms setup to [TRr] 15 — ns
Thbsrh Tms hold from [TRr] 25 — ns

NOTES:

1. Assumes a 25-pF load on TDO. Output timing derates at 0.072 ns/pF of extra load applied.

2. TDO enable time applies when the TAP controller enters the Shift-DR or Shift-IR states.

3. TDO disable time applies when the TAP controller leaves the Shift-DR or Shift-IR states.

4. For correct data latching, the 1/O signals (from the core and the pads) must be set up and held with respect to
the rising edge of TCK in the CAPTURE-DR state of the SAMPLE/PRELOAD and EXTEST instructions.

5. Assumes that the data outputs are loaded with the ac test loads (see the ac parameter specification).

6. Data output enable time applies when the boundary-scan logic is used to enable the output drivers.

7. Data output disable time applies when the boundary-scan is used to disable the output drivers.

8. TMS must be held high as nTRST is taken high at the end of the boundary-scan reset sequence.

9. TCK may be stopped indefinitely in either the low or high phase.
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Table 10-3 lists the SA-110 boundary-scan signals and pins.
Table 10-3. Boundary-Scan Signals and Pins (Sheet 1 of 2)
Guard Guard
No. Output Enable Value | | No. Output Enable Value
Cell Name Pin Type BS Cell EX Cell Name Pin  Type BS Cell EX

from tdi 47 a29 A[29] OUT| abe
1 mse MSE IN — 48 a30 A[30] OUT | abe
2 config CONFIG IN — 49 a3l Al31] OUT| abe
3 nmreq NMREQ OUT | mse 50 ape APE IN —
4 seq SEQ OUT | mse 51 abort ABORT IN —
5 clf CLF OUT | abe 52 | mclkin MCLK IN —
6 lock LOCK OUT | abe 53 | mclkout MCLK OUT| sna
7 nrw nRW OUT | abe 54 | nmclk NMCLK |OUT| sna
8 spdf SPDF IN — 55 nwait nWAIT IN —
9 | mccfgo MCCFG[O0] IN — 56 clk CLK IN —
10 | mccfgl MCCFGI[1] IN — 57 |test_byp | TEST_BYP| IN —
11 | meccfg2 MCCFG[2] IN — 58 | testclk | TESTCLK | IN —
12 | cccfg2 CCCFG[2] IN — 59 | cccfgl | CCCFG[1] | IN —
13 | cccfgl CCCFG[3] IN — 60 | cccfgd | CCCFG[0] | IN —
14 | nresetout | NRESET_OUT |OUT | — 61 | nreset NnRESET IN —
15 abe ABE IN abe 62 sha SnA IN —
16 mas0 MASIO0] OUT | abe 63 fiq FIQ IN —
17 masl MASI[1] OUT | abe 64 irq IRQ IN —
18 a0 A[0] OUT | abe 65 din0 D[0] IN —
19 al A[1] OUT| abe 66 | dout0 D[0] OUT| dbe
20 a2 Al2] OUT | abe 67 dinl D[1] IN —
21 a3 A[3] OUT| abe 68 | doutl D[1] OUT| dbe
22 a4 Al4] OUT | abe 69 din2 D[2] IN —
23 a5 A[5] OUT| abe 70 | dout2 D[2] OUT| dbe
24 a6 A[6] OUT | abe 71 din3 D[3] IN —
25 a7 A[7] OUT| abe 72 | dout3 D[3] OUT| dbe
26 a8 A[8] OUT | abe 73 din4 D[4] IN —
27 a9 A[9] OUT| abe 74 | dout4 D[4] OUT| dbe
28 alo A[10] OUT | abe 75 din5 DI[5] IN —
29 all Al11] OUT| abe 76 | dout5 D[5] OUT| dbe
30 al2 A[12] OUT | abe 77 din6 DI[6] IN —
31 al3 A[13] OUT| abe 78 | dout6 D[6] OUT| dbe
32 ala Al14] OUT| abe 79 | din7 D[7] IN —
33 als A[15] OUT| abe 80 | dout7 D[7] OUT| dbe
34 alé A[16] OUT| abe 81 | din8 D[8] IN —
35 al7 Al17] OUT| abe 82 | dout8 D[8] OUT| dbe
36 als A[18] OUT | abe 83 din9 D[9] IN —
37 al9 A[19] OUT| abe 84 | dout9 D[9] OUT| dbe
38 a20 A[20] OUT | abe 85 | din10 D[10] IN —
39 a2l A[21] OUT | abe 86 | doutlO D[10] OUT | dbe
40 a22 Al22] OUT| abe 87 | din11 D[11] IN —
41 a23 Al23] OUT| abe 88 | doutl1l D[11] |OUT| dbe
42 a24 Al24] OUT| abe 89 | din12 D[12] IN —
43 a25 A[25] OUT | abe 90 | doutl2 D[12] OUT | dbe
44 a26 A[26] OUT| abe 91 | din13 D[13] IN —
45 a27 A[27] OUT | abe 92 | doutl3 D[13] OUT | dbe
46 a28 A[28] OUT| abe 93 | din14 D[14] IN —
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Table 10-3. Boundary-Scan Signals and Pins (Sheet 2 of 2)

Guard Guard

No. Output Enable Value No. Output Enable Value

Cell Name Pin Type BS Cell EX Cell Name Pin  Type BS Cell EX
94 | doutl4 D[14] OUT | dbe 120 | dout26 D[26] OUT| dbe
95 | din15 D[15] IN — 121 | din27 D[27] IN —
96 | doutl5 D[15] OUT | dbe 122 | dout27 D[27] OUT| dbe
97 | dini6 D[16] IN — 123 | din28 D[28] IN —
98 | doutl6 D[16] OUT | dbe 124 | dout28 D[28] OUT| dbe
99 | din17 D[17] IN — 125 | din29 D[29] IN —
100 | doutl? D[17] OUT | dbe 126 | dout29 D[29] OUT| dbe
101 | din18 D[18] IN — 127 | din30 D[30] IN —
102 | doutl8 D[18] OUT | dbe 128 | dout30 D[30] OUT| dbe
103 | din19 D[19] IN — 129 | din31 D[31] IN —
104 | doutl9 D[19] OUT | dbe 130 | dout31 D[31] OUT| dbe
105 | din20 D[20] IN —
106 | dout20 D[20] OUT | dbe
107 | din21 D[21] IN —
108 | dout21 D[21] OUT | dbe
109 | din22 D[22] IN —
110 | dout22 D[22] OUT | dbe
111 dbe DBE IN —
112 | dbein DBE IN —
113| din23 D[23] IN —
114 | dinout23 D[23] OUT | dbe
115 | din24 D[24] IN —
116 | dout24 D[24] OUT | dbe
117 | din25 D[25] IN —
118 | dout25 D[25] OUT | dbe
119| din26 D[26] IN —

to TDO

Key:
IN Input pad
ouT Output pad
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This chapter defines the dc parameters for the SA-110.

11.1 Absolute Maximum Ratings
Table 11-1 lists the absolute maximum ratings for the SA-110.

Table 11-1. SA-110 DC Maximum Ratings
Symbol Parameter Minimum Maximum Unit | Note
VDD Core supply voltage VSS - 0.5 VSS +2.2 \% 1
VDDX | I/O voltage \'\;'[')'\E)(Yg%)‘ 05, VSS +3.6 v o1
Vip Voltage applied to any pin | VSS -0.3 \'\g\é (l/gg)x *+03, \% 1
Ts tse?]?‘;ztrz;{ﬁestorage 20 125 c |1
NOTE:

1. These are stress SA-110 ratings only. Exceeding the absolute maximum ratings may permanently damage
the device.

11.2

DC Operating Conditions

Table 11-2 lists the functional operating dc parameters for the SA-110.

Table 11-2.  SA-110 DC Operating Conditions

Symbol Parameter Minimum Maximum Unit Note
Vihc IC input high voltage 0.8 * VDDX VDDX \% 1,2
Vilc IC input low voltage 0.0 0.2 * VDDX \% 1,2
Vohc OCZ output high voltage at =2 mA 0.8 * VDDX VDDX \% 1,2,3
Volc OCZ output low voltage at 2 mA 0.0 0.2 * VDDX \% 1,2,3
lohc High-level output current — -2 mA mA 3
lolc Low-level output current — 2 mA mA 3
Ta Ambient operating temperature 0 70 °C

NOTES:

1. Voltages measured with respect to VSS.

2. IC - CMOS-level inputs (includes IC and ICOCZ pin types).

3. In sleep mode, the levels on the output and I/O pins are maintained by weak leakers only. Systems that
require the SA-110 to sink or source dc current may not use sleep mode.

SA-110 Microprocessor Technical Reference Manual
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11.3 DC Characteristics
Table 11-3 lists the dc characteristics for the SA-110.
Table 11-3.  SA-110 DC Characteristics
Symbol Parameter Nominal Units
lin IC input leakage current 100 HA
Its Tristate leakage current 100 HA
Cin Input pin capacitance 5 pF
Cio Input /output pin capacitance 12 pF
ESD HBM human body model 1 KV
11.4 Power Supply Voltages and Currents
Table 11-4 specifies the power supply voltages and currents for the SA-110.
Table 11-4. SA-110 Power Supply Voltages and Currents
Parameter AB BB CB DB EB FB2 Units Notes
Maximum normal mode power 450 300 900 | 700 | 1000 | 1000 | mwW 1
Maximum idle power 20 20 n/a n/a n/a nfa | mwW 2
Maximum sleep mode current 50 50 n/a n/a n/a nfa | pA 2
VDD

Minimum internal power supply

voltage 1.5 15 1.8 1.8 1.9 19 |V

Nominal internal power supply voltage | 1.65 1.65 2.1 2.0 2.0 20 |V

Maximum internal power supply

voltage 1.8 1.8 2.2 2.2 2.1 21 |V

VDDX

Minimum external power supply

voltage 3.0 3.0 3.0 3.0 3.0 30 |V

Nominal external power supply

voltage 3.3 3.3 3.3 3.3 3.3 33 |V

Maximum external power supply

voltage 3.6 3.6 3.6 3.6 3.6 36 |V

a.  The FA21281FB has been discontinued with the last ship date of October, 2000. The 21281-EB is the fully functional equiv-
alent replacement.

NOTE:

1. Running Dhrytones 2.1 at 25°C, nominal power supply voltages, and 20-pF load on output and 1/O pins.

2. Measured at 25°C junction temperature. Since the power levels for these modes are low, the junction
temperature and ambient temperature are nearly equal during sleep and idle modes.
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12.1

Table 12-1.

12.2

SA-110 Microprocessor Technical Reference Manual

This chapter defines the ac parameters for the SA-110.

Test Conditions

The ac timing diagrams presented in this section assume that the outputs of the SA-110 have been
loaded with a 50-pF capacitive load on output signals and a 15-pF load on clock outputs. The
output pads of the SA-110 are CMOS drivers, which exhibit a propagation delay that increases
with the increase in load capacitance. An output derating figure is given for each output pad,
showing the approximate rate of increase of delay with increasing or decreasing load capacitance
for atypical process at room temperature.

SA-110 Output Derating

Output Output Output Output

Load for Derating Derating Derating Derating

Output Signal Nominal (ns/pF) (ns/pF) (ns/pF) (ns/pF)

Value VDD=1.65 VDD=1.65 VDD=2.0 VDD=2.0

Rising Edge Falling Edge Rising Edge Falling Edge
A[31:0], nR/W, LOCK,

NMREQ, SEQ, D[31:0] 50 pf 0.07 0.09 0.07 0.07
nMCLK, MCLK 15 pf 0.03 0.04 0.03 0.03

Module Considerations

The edge rates for the SA-110 are such that the lumped load model presented above can only be
used for etch lengths up to one inch. Over one inch of etch, the signal is a transmission line and
needs to be modeled as such.
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12.3

Main Bus Signals

The MCLK signal isthe reference for all SA-110 timing. ThenM CLK signal is an inverted copy
of the MCLK signal when SnA ishigh. ThenM CLK signal islow when SnA islow. The SA-110
will stall itsinternal clock for one cycleif n\WAIT islow when MCLK goes high. Figure 12-1,
Figure 12-2, and Figure 12-3 show the ac timing definitions.

Figure 12-1. SA-110 Main Bus Timing
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Figure 12-2. SA-110 Address Timing with APE=Low
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Figure 12-3. SA-110 Address Timing with APE=High
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Table 12-2.

12-4

SA-110 AC Parameters

The ac parameters specified in the following tables are valid for the full range of voltage,
temperature, and process defined for each SA-110 part in Table 11-4.

The following notes are used in Table 12-2 through Table 12-7.

1. MCLK andnMCLK timings measured between clock edges at 50% of VDDX driving 15 pF load.

In

2. Thetimings of these signals are measured to 80%/20% for outputs and 90%/10% for inputs.

3. The Taddrx times are for the first address of a sequential cycle. The Taddrxseq times are for
the subsequent addresses of a sequentia cycle.

4. The MCCFG setting with SnA asserted should be selected so the nominal M CLK speed does

not exceed 1/(2* Tmckh).
5. Tdoh is guaranteed to be greater than a minimum Tdz.

SA-110 AC Parameters for -AB Parts

Symbol Parameter Min Max Unit Note
Tmckl MCLK LOW time 10 ns 1
Tmckh MCLK HIGH time 10 ns 1
Tmckrt MCLK, nMCLK rise time SnA=1 0.75 2 ns 1
Tmckft MCLK, nMCLK fall time SnA=1 1 3 ns 1
CCCFG CCCFG setting 0 6 bit value 4
Tmckr MCLK rise to nMCLK fall SnA=1 -0.5 15 ns 1
Tmckf MCLK fall to nMCLK rise SnA=1 -15 0.5 ns 1
Tws nWAIT setup to MCLK 1 ns 2
Twh nWAIT hold from MCLK 2 ns 2
Tabe Address bus enable 11 ns 2
Tabz Address bus disable 4 ns 2
Taddrl MCLK to address delay APE high 15 ns 2,3
Taddr2 MCLK to address delay APE low 10 ns 2,3
Taddrlseq MCLK to address delay APE high 10 ns 2,3
Taddr2seq MCLK to address delay APE low 10 ns 2,3
Tah Address hold time 2 ns 2
Tdbe DBE to data enable 10 ns 2
Tde MCLK to data enable 3 ns 2
Tdbz DBE to data disable 4 ns 2
Tdz MCLK to data disable 8 ns 2,5
Tdout Data out delay 11 ns 2
Tdoh Data out hold 2 ns 2
Tdis Data in setup 0 ns 2
Tdih Data in hold 2 ns 2
Tabts ABORT setup time 1 ns 2
Tabth ABORT hold time 2 ns 2
Tmse NnMREQ & SEQ enable 9 ns 2
Tmsz NnMREQ & SEQ disable 3 ns 2
Tmsd NnMREQ & SEQ delay 11 ns 2
Tmsh NnMREQ & SEQ hold 2 ns 2
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Table 12-3. SA-110 AC Parameters for -BB Parts

Symbol Parameter Min Max Unit Note
Tmckl MCLK low time 15 ns 1
Tmckh MCLK HIGH time 15 ns 1
Tmckrt MCLK, nMCLK rise time SnA=1 0.75 3 ns 1
Tmckft MCLK, nMCLK fall time SnA=1 1 35 ns 1
CCCFG CCCFG setting 0 2 bit value 4
Tmckr MCLK rise to nMCLK fall SnA=1 -1 2 ns 1
Tmckf MCLK fall to nMCLK rise SnA=1 -1 5 ns 1
Tws nWAIT setup to MCLK -2 ns 2
Twh NnWAIT hold from MCLK 2 ns 2
Tabe Address bus enable 3 15 ns 2
Tabz Address bus disable 6 ns 2
Taddrl MCLK to address delay APE high 23 ns 2,3
Taddr2 MCLK to address delay APE low 13 ns 2,3
Taddrlseq MCLK to address delay APE high 15 ns 2,3
Taddr2seq MCLK to address delay APE low 13 ns 2,3
Tah Address hold time 2 ns 2
Tdbe DBE to data enable 14 ns 2
Tde MCLK to data enable 3 ns 2
Tdbz DBE to data disable 5 ns 2
Tdz MCLK to data disable 11 ns 2,5
Tdout Data out delay 15 ns 2
Tdoh Data out hold 2 ns 2
Tdis Data in setup 2 ns 2
Tdih Data in hold 3 ns 2
Tabts ABORT setup time 2 ns 2
Tabth ABORT hold time 3 ns 2
Tmse NnMREQ & SEQ enable 13 ns 2
Tmsz nMREQ & SEQ disable 4 ns 2
Tmsd NnMREQ & SEQ delay 15 ns 2
Tmsh nMREQ & SEQ hold 2 ns 2
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Table 12-4. SA-110 AC Parameters for -CB Parts

Symbol Parameter Min Max Unit Note
Tmckl MCLK LOW time 7.5 ns 1
Tmckh MCLK HIGH time 7.5 ns 1
Tmckrt MCLK, nMCLK rise time SnA=1 0.75 2 ns 1
Tmckft MCLK, nMCLK fall time SnA=1 0.75 25 ns 1
CCCFG CCCFG setting 0 9 bit value 4
Tmckr MCLK rise to nMCLK fall SnA=1 -1 1 ns 1
Tmckf MCLK fall to nMCLK rise SnA=1 -1 1 ns 1
Tws nWAIT setup to MCLK 1 ns 2
Twh nWAIT hold from MCLK 2 ns 2
Tabe Address bus enable 10 ns 2
Tabz Address bus disable 4 ns 2
Taddrl MCLK to address delay APE high 13 ns 2,3
Taddr2 MCLK to address delay APE low 9 ns 2,3
Taddrlseq MCLK to address delay APE high 9 ns 2,3
Taddr2seq MCLK to address delay APE low 9 ns 2,3
Tah Address hold time 2 ns 2
Tdbe DBE to data enable 9 ns 2
Tde MCLK to data enable 3 ns 2
Tdbz DBE to data disable 3 ns 2
Tdz MCLK to data disable 7 ns 25
Tdout Data out delay 10 ns 2
Tdoh Data out hold 2 ns 2
Tdis Data in setup 0 ns 2
Tdih Data in hold 2 ns 2
Tabts ABORT setup time 1 ns 2
Tabth ABORT hold time 2 ns 2
Tmse NnMREQ & SEQ enable 8 ns 2
Tmsz NnMREQ & SEQ disable 3 ns 2
Tmsd NMREQ & SEQ delay 10 ns 2
Tmsh nMREQ & SEQ hold 2 ns 2
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Table 12-5. SA-110 AC Parameters for -DB Parts

AC Parameters

Symbol Parameter Min Max Unit Note
Tmckl MCLK low time 5 ns 1
Tmckh MCLK HIGH time 5 ns 1
Tmckrt MCLK, nMCLK rise time SnA=1 0.75 3 ns 1
Tmckft MCLK, nMCLK fall time SnA=1 0.75 25 ns 1
CCCFG CCCFG setting 0 7 bit value 4
Tmckr MCLK rise to nMCLK fall SnA=1 -1.5 1 ns 1
Tmckf MCLK fall to nMCLK rise SnA=1 -1 15 ns 1
Tws nWAIT setup to MCLK 2 ns 2
Twh NnWAIT hold from MCLK 3 ns 2
Tabe Address bus enable 13 ns 2
Tabz Address bus disable 5 ns 2
Taddrl MCLK to address delay APE high 19 ns 2,3
Taddr2 MCLK to address delay APE low 12 ns 2,3
Taddrlseq MCLK to address delay APE high 13 ns 2,3
Taddr2seq MCLK to address delay APE low 12 ns 2,3
Tah Address hold time 2 ns 2
Tdbe DBE to data enable 13 ns 2
Tde MCLK to data enable 3 ns 2
Tdbz DBE to data disable 5 ns 2
Tdz MCLK to data disable 9 ns 2,5
Tdout Data out delay 14 ns 2
Tdoh Data out hold 2 ns 2
Tdis Data in setup 2 ns 2
Tdih Data in hold 3 ns 2
Tabts ABORT setup time 2 ns 2
Tabth ABORT hold time 3 ns 2
Tmse NnMREQ & SEQ enable 12 ns 2
Tmsz NnMREQ & SEQ disable 3 ns 2
Tmsd NnMREQ & SEQ delay 14 ns 2
Tmsh nMREQ & SEQ hold 2 ns 2
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Table 12-6. SA-110 AC Parameters for -EB Parts

Symbol Parameter Min Max Unit Note
Tmckl MCLK LOW time 7.5 ns 1
Tmckh MCLK HIGH time 7.5 ns 1
Tmckrt MCLK, nMCLK rise time SnA=1 0.75 2 ns 1
Tmckft MCLK, nMCLK fall time SnA=1 0.75 2.5 ns 1
CCCFG CCCFG setting 0 11 bit value 4
Tmckr MCLK rise to nMCLK fall SnA=1 -1 1 ns 1
Tmckf MCLK fall to nMCLK rise SnA=1 -1 1 ns 1
Tws nWAIT setup to MCLK 1 ns 2
Twh nWAIT hold from MCLK 2 ns 2
Tabe Address bus enable 10 ns 2
Tabz Address bus disable 4 ns 2
Taddrl MCLK to address delay APE high 13 ns 2,3
Taddr2 MCLK to address delay APE low 9 ns 2,3
Taddrlseq MCLK to address delay APE high 9 ns 2,3
Taddr2seq MCLK to address delay APE low 9 ns 2,3
Tah Address hold time 2 ns 2
Tdbe DBE to data enable 9 ns 2
Tde MCLK to data enable 3 ns 2
Tdbz DBE to data disable 3 ns 2
Tdz MCLK to data disable 7 ns 25
Tdout Data out delay 10 ns 2
Tdoh Data out hold 2 ns 2
Tdis Data in setup 0 ns 2
Tdih Data in hold 2 ns 2
Tabts ABORT setup time 1 ns 2
Tabth ABORT hold time 2 ns 2
Tmse NnMREQ & SEQ enable 8 ns 2
Tmsz nMREQ & SEQ disable 3 ns 2
Tmsd NnMREQ & SEQ delay 10 ns 2
Tmsh nMREQ & SEQ hold 2 ns 2
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Table 12-7. SA-110 AC Parameters for -FB Parts?

Symbol Parameter Min Max Unit Note
Tmckl MCLK LOW 7.5 ns 1
Tmckh MCLK HIGH 7.5 ns 1
Tmckrt MCLK, 0.75 2 ns 1
Tmckft MCLK, 0.75 25 ns 1
CCCFG CCCFG 0 11 bit value 4
Tmckr MCLK rise to -1 1 ns 1
Tmckf MCLK fall to -1 1 ns 1
Tws NWAIT setup 1 ns 2
Twh nWAIT hold 2 ns 2
Tabe Address bus 10 ns 2
Tabz Address bus 4 ns 2
Taddrl MCLK to 13 ns 2,3
Taddr2 MCLK to 9 ns 2,3
Taddrlseq MCLK to 9 ns 2,3
Taddr2seq MCLK to 9 ns 2,3
Tah Address hold 2 ns 2
Tdbe DBE to data 9 ns 2
Tde MCLK to data 3 ns 2
Tdbz DBE to data 3 ns 2
Tdz MCLK to data 7 ns 2,5
Tdout Data out delay 10 ns 2
Tdoh Data out hold 2 ns 2
Tdis Data in setup 0 ns 2
Tdih Data in hold 2 ns 2
Tabts ABORT setup 1 ns 2
Tabth ABORT hold 2 ns 2
Tmse NMREQ & 8 ns 2
Tmsz NMREQ & 3 ns 2
Tmsd NMREQ & 10 ns 2
Tmsh NMREQ & 2 ns 2

a. The FA21281FB has been discontinued with the last ship date of October, 2000. The 21281EB is the fully functional equiv-
alent replacement.
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This chapter describes the SA-110 pins. Figure 13-1 shows the SA-110 144-pin TQPF mechanical

dimensions in millimeters.

Figure 13-1. SA-110 144-Pin TQFP Mechanical Dimensions
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®
13.1 TQFP Pinout
Table 13-1 lists the SA-110 pins for the 144-TQPF pinout in numeric order, showing the signal
type for each pin.
Table 13-1. SA-110 Pinout — 144-pin Thin Quad Flat Pack

Pin | Signal | Type | |Pin Signal Type | | Pin | Signal |Type || Pin Signal Type
1 D[0] o |37 D[23] /O | |73 | MAS[0] | O ||109 A[22] o
2 D[1] /o | |38 D[24] /0 | |74 | MAS[1] | O ||110 A[23] 0
3 D[2] /o | |39 D[25] /o | |75 A[ 0] o ||111 A[24] 0
4 D[3] 110 | |40 D[26] /o | |76 Al 1] o ||112 A[25] o)
5 VDD - |]41 D[27] o | |77 Al 2] o ||113 VSS -
6 VSS - |42 VSS - ||78 | vDDx2 - ||114| vDDx2 -
7 VSS - |]43 VDDX1 - ||79 VSS - |]115 A[26] o
8 | vbDx1 | - ||44 D[28] 110 | |80 VSS - ||116 A[27] o
9 D[4] 11O | |45 D[29] /o | |81 VDD - ||127 A[28] o]
10 D[5] 110 | |46 D[30] /o | |82 Al 3] O ||118 A[29] o
11 D[6] /o | |47 D[31] /o | |83 Al 4] o ||119 A[30] o
12 D[7] 110 | |48 TDO o ||84 Al 5] o ||120 A[31] o)
13 D[8] 110 | |49 TDI [ 85 Al 6] o ||122 APE |
14 D[9] I/0 | |50 nTRST [ 86 AL 7] O ||122| ABORT |
15 | D[10] | WO ||51 T™MS [ 87 Al 8] o ||123 MCLK 110
16 | D[11] | WO |]|52 TCK [ 88 AL 9] O ||124| nMCLK o)
17 | vDDX1 | - |[|53 nic 89 A[10] O ||125 VSS -
18 VSS - ||54 VSS - |]90 VDD - ||126| VvDDx2 -
19 VSS - ||55 VDD - |]91 VSS - ||127 nWAIT [
20 | VDD - ||56 MSE [ 92 VSS - ||128 CLK |
21 | D[12] | WO ||57 CONFIG [ 93 | VDDX2 - |]129 VDD -
22 | D[13] | WO | |58 NMREQ O ||94 A[11] O ||130| TCK_BYP |
23 | D[14] | WO | |59 SEQ O ||95 A[12] O ||131| TESTCLK |
24 | D[15] | WO | |60 CLF o ||96 A[13] o ||132 VES] -
25 | D[16] | WO ||61 LOCK o ||97 Al14] O ||133 VDD -
26 | D[17] | WO ||62 nRW O ||98 A[15] O ||134 nic

27 | D[1g] | WO | |63 VSS - |]99 A[16] o ||135 nic

28 | D[19] | VO | |64 VDDX1 — ||100| A[17] O ||136 n/c

29 | vDDX1 | - ||65 SPDF [ 101 | A[18] O ||137| PLLCFG

30 VSS - ||e6 MCCFGI0] [ 102 | VDDX2 - ||138| cccCFG[1] [
31 VSS - ||67 MCCFG[1] [ 103| VSS - ||139| cccFaGlo] |
32 | vDD - ||e8 MCCFG[2] [ 104 | VSS - ||140| nPWRSLP [
33 | D[20] | /O ||69 CCCFG[2] [ 105| VDD — ||141| nRESET |
34 | D[21] | WO ||70 CCCFG[3] [ 106 | A[19] o ||142 SnA |
35 | D[22] | WO ||71 | nRESET_OUT | O ||107| A[20] O ||143 nFIQ I
36 DBE [ 72 ABE [ 108 | A[21] O ||144 niRQ |

Notee VDDX1and VDDX2 should betied to the VDDX power plane of the system, but are not internally
connected.
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History of Updates

History of Updates A

A.l

|ssue:

Table 8-1

The following updates, which were recorded in 278104-005 of the Intel® SrongARM* SA-110
Foecification Update, have been removed from the 278104-006 and have been incorporated into
this technical reference manual:

¢ Under Specification Changes, removed items 1 and 2.
¢ Under Specification Clarifications, removed items 2, 3, 4, and 5.
¢ Under Documentation Changes, removed item 3.

Specification Changes

Removal of CCCFG Bit Values 12 through 15

In Table 8-1 of section 8.2.3, hit values 12 through 15 were removed so the information in the table
will conform to component specifications. The revised CCLK Configurations table is displayed
below.

CCLK Configurations

Cc\glzfeb” CCLK F'Uleﬂ;ency in | CCLK F'Uleﬂ;ency in
(3.57-MHz Input) (3.68-MHz Input)
0 85.7 88.3
1 92.7 95.6
2 96.4 99.4
3 103.5 106.7
4 139.2 143.5
5 146.4 150.9
6 157.1 161.9
7 164.2 169.3
8 185.6 191.3
9 196.3 202.4
10 207 213.4
11 221.3 228.1

Affected Docs. SA-110 Microprocessor Technical Reference Manual, order number 278058-001

2.
|ssue:

Change in CCCFG Maximum Bit Value for FA21281EB

In Table 12-6 of section 12.4, the CCCFG maximum bit value was changed from 12 to 11 so the
information in the table will conform to component specifications.
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Table 12-6

Affected Docs:

A.2

2.
Issue:

Table 1-1

Table 1-2

The revised notation in the table is displayed below.

SA-110 AC Parameters for -EB Parts

Symbol

Parameter

Min Unit Note

CCCFG

CCCFG setting

0 11 bit value 4

SA-110 Microprocessor Technical Reference Manual, order number 278058-001

Specification Clarifications

Clarification of Specifications and Features

In section 1.1, restructured Table 1-1 to include Table 1-2 in order to separate the performance
specifications and features of the product. Table 1-1 includes performance specifications for the
FA21281FB product. Table 1-1 includes a heading change from ‘Low Performance’ to ‘Low
Power’. Table 1-1 and Table 1-2 appear as displayed below.

SA-110 Device Performance Specifications

Part Ambient
High Performance Low Power Memory Bus Operating
Number
Temperature
B 115 Dhrystone <300mW @1.65V ) o o
21281-BB 2.IMIPS@ 100 MHz 100 MHz 0-33 Mhz @ 100 MHz | 0° C to 70°C
B 185 Dhrystone <450mW @ 1.65 V . o o
21281-AB 2.1 MIPS @ 160 MHz | 160 MHz 0-53 MHz @ 160 MHz | 0° C to 70°C
) 192 Dhrystone <700mW @ 2.0V . o o
21281-DB 2.1 MIPS@ 166 MHz 166 MHz 0-53 MHz @ 166 MHz | 0° C to 70°C
) 230 Dhrystone <900mW @ 2.0 V ) o o
21281-CB 2.IMIPS@ 200 MHz 200 MHz 0-66 MHz @ 200 MHz | 0° C to 70°C
~ 268 Dhrystone <1000mW @ 2.0 V ) o o
21281-EB 21 MIPS@ 233 MHz | 233 MHz 0-66 MHz @ 230 MHz | 0° C to 70°C
268 Dhrystone <1000mW @ 2.0 V . o o
FA21281FB 21 MIPS@ 233 MHz | 233 MHz 0-66 MHz @ 230 MHz | 0° C to 60°C

SA-110 Device Features

¢ Internal phase-locked loop (PLL)

— 3.68 or 3.56 MHz External Reference
Oscillator

¢ |dle and sleep power-down modes
¢ Big and little endian operating modes
¢ 33V l/Ointerface
¢ 144-pin thin quad flat pack (TQFP)
¢ 32-way set-associative caches

— 16 Kbyte instruction cache

— 16 Kbyte write-back data cache

¢ 32-Entry memory-management units

— Maps 4 Kbyte, 64 Kbyte, or
1 Mbyte

* Write buffer
— 8-entry 16 bytes each
¢ Early termination 32-bit multiplier

— 32-hit accumulation
(24 cycles)

— 64-hit accumulation
(3-5 cycles)
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Table 8-1

History of Updates

Clarification of Marketing Part Numbers and Addition of Voltage and Current

Specifications

In Table 11-4 of section 11.4, revised marketing part numbers and added voltage and current

specifications for FA28281FB. The tableis displayed below.

SA-110 Power Supply Voltages and Currents

Parameter AB BB CB DB EB FB Units Notes
Maximum normal mode power 450 300 900 | 700 | 1000 | 1000 mw 1
Maximum idle power 20 20 n/a n/a n/a n/a mw 2
Maximum sleep mode current 50 50 n/a n/a n/a n/a HA 2
VDD
Minimum internal power supply voltage 15 15 18 1.8 1.9 1.9 \%
Nominal internal power supply voltage 1.65 1.65 21 2.0 2.0 2.0 \%
Maximum internal power supply voltage 1.8 1.8 2.2 2.2 21 2.1
VDDX
Minimum external power supply voltage 3.0 3.0 3.0 3.0 3.0 3.0 \Y
Nominal external power supply voltage 3.3 3.3 3.3 3.3 3.3 3.3
Maximum external power supply voltage | 3.6 3.6 3.6 3.6 3.6 3.6 \Y

NOTE:

1. Running Dhrytones 2.1 at 25°C, nominal power supply voltages, and 20-pF load on output and 1/O pins.
2. Measured at 25°C junction temperature. Since the power levels for these modes are low, the junction
temperature and ambient temperature are nearly equal during sleep and idle modes.

Clarification of Table Heading for CCCFG
In Table 8-1 of section 8.2.3, the ‘ CCCFG’ table heading was changed to read ‘ CCCFG Bit Value’

Therevised table is displayed below.

CCLK Configurations (Sheet 1 of 2)

CC\(/:a'TSeBit CCLK F’rvtleﬂ;ency in CCLK F’r\;la'(_q'lzjency in
(3.57-MHz Input) (3.68-MHz Input)
0 85.7 88.3
1 92.7 95.6
2 96.4 99.4
3 103.5 106.7
4 139.2 1435
5 146.4 150.9
6 157.1 161.9
7 164.2 169.3
8 185.6 191.3
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History of Updates

Table 8-1 CCLK Configurations (Continued) (Sheet 2 of 2)
CC\(/:a'TSeB“ CCLK F'(;:ﬂlzjency in CCLK F'(;:‘ﬂlzjency in
(3.57-MHz Input) (3.68-MHz Input)
9 196.3 202.4
10 207 213.4
11 221.3 228.1
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5. Clarification of Table Title and Unit Description for SA-110 AC Parameters
Issue: In Tables 12-2 through 12-6 of section 12.4, the table title and unit description for CCCFG were
updated as displayed below.
Table 12-2 SA-110 AC Parameters for -AB Parts
Symbol Parameter Min Max Unit Note
CCCFG CCCFG setting 0 6 bit value 4
Table 12-3  SA-110 AC Parameters for -BB Parts
Symbol Parameter Min Max Unit Note
CCCFG CCCFG setting 0 2 bit value 4
Table 12-4  SA-110 AC Parameters for -CB Parts
Symbol Parameter Min Max Unit Note
CCCFG CCCFG setting 0 9 bit value 4
Table 12-5 SA-110 AC Parameters for -DB Parts
Symbol Parameter Min Max Unit Note
CCCFG CCCFG setting 0 7 bit value 4
Table 12-6  SA-110 AC Parameters for -EB Parts
Symbol Parameter Min Max Unit Note
CCCFG CCCFG setting 0 11 bit value 4
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Documentation Changes

3. AC Parameters for FA21281FB Parts

|ssue: Table 12-7 was added to section 12.4 to reflect the rel ease of AC Parameters for FA21281FB Parts.
Thetableis displayed below.

History of Updates

Table 12-7  SA-110 AC Parameters for -FB Parts
Symbol Parameter Min Max Unit Note

Tmckl MCLK LOW time 7.5 ns 1
Tmckh MCLK HIGH time 7.5 ns 1
Tmckrt MCLK, nMCLK rise time SnA=1 0.75 2 ns 1
Tmckft MCLK, nMCLK fall time SnA=1 0.75 25 ns 1
CCCFG CCCFG setting 0 11 bit value 4
Tmckr MCLK rise to nMCLK fall SnA=1 -1 1 ns 1
Tmckf MCLK fall to nMCLK rise SnA=1 -1 1 ns 1
Tws NWAIT setup to MCLK 1 ns 2
Twh nWAIT hold from MCLK 2 ns 2
Tabe Address bus enable 10 ns 2
Tabz Address bus disable 4 ns 2
Taddrl MCLK to address delay APE high 13 ns 23
Taddr2 MCLK to address delay APE low 9 ns 23
Taddrlseq MCLK to address delay APE high 9 ns 23
Taddr2seq MCLK to address delay APE low 9 ns 23
Tah Address hold time 2 ns 2
Tdbe DBE to data enable 9 ns 2
Tde MCLK to data enable 3 ns 2
Tdbz DBE to data disable 3 ns 2
Tdz MCLK to data disable 7 ns 25
Tdout Data out delay 10 ns 2
Tdoh Data out hold 2 ns 2
Tdis Data in setup 0 ns 2
Tdih Data in hold 2 ns 2
Tabts ABORT setup time 1 ns 2
Tabth ABORT hold time 2 ns 2
Tmse NMREQ & SEQ enable 8 ns 2
Tmsz NnMREQ & SEQ disable 3 ns 2
Tmsd NMREQ & SEQ delay 10 ns 2
Tmsh NnMREQ & SEQ hold 2 ns 2
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