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Advance Information BIT SPARC Integer Unit
Features Description

M 32-bit high performance RISC processor The BIT SPARC™ Integer Unit (lU) is an ECL VLSI

) o . . implementation of the SPARC microprocessor architecture.

B Five stage pipelined instruction execution Implemsnted in a 1.2 micron ECL technology, BIT SPARC

provides users with a high end upgrade path for SPARC

B 80 MHz clock frequency implementations. Fully compatible with the SPARC

B 1.2 cycles per instruction average exaecution rate ?rchhegture, BIT SPARC achieves nearly one cycle per

instruction.

B 65 mips performance Maximum data throughput is achieved using a five stage

. pipsline and separate load and store buses. Additionally, the

W Separate input and output data buses input bus used for fetching instructions and loading data

B Double word instruction/data input bus operands is double wide, allowing two instructions to be

fetched .in a single cyclg;, Most buses are uni-directional,

B 32-bit addresses provide access to 4 Gbytes i r's task of creating controlled

:‘Further, the output drivers for

B 8-bit Address Space Identifier (AS|) defines 256 alternate re.designed for 30 ohm impedances,

address spaces
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Optional byte parity checking with synchronous traps-on
input bus and internal register file

120 internal registers configured as 7 windows®
All instructions are 32-bits wide .
Floating point coprocessor support jncludi
Additional user-defined coprocesso
ECL 10KH compatible /O
279 pin PGA package

its of printed circuit traces with heavy

8 BIT.SPARC IU features a large register file configured in
a circular-sef-of-windows structure. Procedure calls can be
' - switching windows, thus minimizing the need for
\i r:jemory accesses. ALU operations are executed in a
star.to register fashion, requiring just one execution cycle
pipelined operation. Bypass paths are utilized to prevent
erlocks due to internal data dependencies. An B-bit Address
“Space ldentifier (ASI) allows supervisor mode distinction of
256 separate address spaces.

Two independent coprocessor ports are included, one for a
floating point unit (FPU) and the other to be defined by the
user. Parity is supported on the input data path, as welil as the
internal register file to increase system raliability. Aimed at air
cooled applications, BIT SPARC is a monolithic solution to
high performance needs.
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Figure 1 — BIT SPARC Integer Unit Block Diagram
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Functional Description

Processor Overview

BIT SPARC is a VLSI processor based on Reduced Instruction
Set Computer (RISC) architecture. All instructions are 32-bits
wide. Designed to provide a high end upgrade path to users
of the SPARC architecture, it offers extremely high
performance at a low cost per mips (million instructions per
sacond). BIT SPARC 32-bit addresses and 8-bit Address
Space Identifier provide addressing of up to 256 pages of 4
Gbyte of memory.

Functional blocks of the IU consist of: a very high bandwidth
bus interface (640 Mbytes/second peak), an integer execution
unit which includes an ALU with a barrel shifter, an address
generator operating concurrently with the execution unit, a
three-port register file of 120 registers, a four-entry internal
instruction queue, a five-stage instruction pipeline, and two
coprocessar interfaces, one for a fioating point unit and one for
a user definable function. A detailed block diagram is shown
in Figure 1.

Bypass paths and control logic fully interlock the internal
pipeline and achieve nearly single cycle average execution fo:
a typical application.

Important Features )
Single cycle execution — most instructions execu
single cycle when operating out of cache.

Plpellned executlon — due to the pipelin

and perform simple operations.

Register to register architecture —:al perations are
performed on register (or immediate) operands and placed
back into the register file. Only load andistore instructions
access memory.

Large register file — 120 registers are included on chip;
subroutine calls and parameter passing are performed using
registers. This reduces the need to access memory, which is
the typical method in a stack based machine.

Delayed control transfer — except in special cases such as
traps, the IU executes the instruction immediately following a
control transfer instruction. An annul bit may be set in branch
instructions which cancels the following instruction if the
branch is not taken, increasing the probability that an
optimizing compiler can place a useful instruction in the delay
slot.

Hardwired control — by keeping the instruction operation
simple, the need for an internal micro-coded engine such as
those found in CISC architectures is eliminated.

Two coprocessor interfaces — floating point coprocessor
operations are supported in the standard instruction set. A
separate set of coprocessor operations can be defined by the
user, provided a second coprocessor has been defined.

Double word instruction bus — by using a double word
instruction bus the BIT SPARC IU is capable of fetching two
instructions simultaneously. One or the other of these
instructions can be used immediately.

The additional instruction(s) can be placed in an internal
queue for temporary storage until needed or discarded. Four
entries deep, the instruction queue reduces the likelihood of
pipeline stalls waiting for instruction fetch.

Internal Pipeline

Fast cycle times, resulting in very high performance, are
possible due to the architecture of the instruction execution
unit. Five stages of pipelining are used to sequence through
operations, Fetch, Decode Execute, Memory Access, and
Result as iollows

tchistage is the cycle required to fetch
] pus and clock them into the internal

, tructions are clocked into the decode unit
from the instruction buffer for translation and generation of
I'control signals and sequencing; alternatively, they
may.baitaken directly from the bus.

ecute (E) — after the instruction is decoded, the register
immediate) operands are clocked into the execution unit
ALU, barrel shifter, address generator) and the operation
is performed.

Memory Access (W) — loads use the W cycle to perform
RAM access. This allows the data to be available for
latching into the input port at the end of the W cycle. For
ALU operations, the W stage is a one cycle delay.

Result (R) — loaded data or computed resuits are written
to the register file during the R stage.

The decode unit is aware of data dependencies and other
situations which cause pipsline stalls (one stage of the pipe
awaiting the completion of another stage). Due to the fully
bypassed pipeline, stalls only occur in the BIT SPARC U
when there is external bus contention or when an externai
access requires more than a single cycle to fully complete.
Bypass paths and control logic are in place to account for and
eliminate the need for internally generated pipsline stalls.

Delayed Control Transfers

Instruction sequencing is performed by fetching instructions
from a series of sequential addresses and executing the
instructions until a condition occurs which forces execution to
resume at a non-contigucus location. Control transfer
instructions are operations which, when executed, present
such a condition. These instructions include calls, branches
and jumps.
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Pipelined systems typically prefetch instructions so they will
be available after the current instruction executes. Pipelining
hence presents a problem when the current instruction is a
control transfer, since the next sequential instruction in
memory will also be next in the pipsline to be executed at the
time the target instruction is being fetched. Two things can
happan; the pipeline can stall waiting for the target instruction
tfo be fetched, or the sequential instruction can always be
axecuted before transferring control. Stalling the pipeline is
inefficient and forces all control transfer instructions to require
two cycles minimum. A typical application will contain about
20% control transfer instructions, resulting in noticeable
performance degradation. Since a useful instruction can often
be placed in the delay slot (ie — the next sequential place in
memory) by an optimizing compiler, some of the control
transfer performance can be bought back if this delay slot
instruction is always executed. This method of always
executing the next sequential instruction is called delayed
control transfer architecture.

BIT SPARC uses a delayed control transfer architecture. By
assuming control will be transferred, the 1U will start fetching
the target instructions. If the optimizing compiler has been
successiul in placing a useful instruction in the delay slot, n
cycles will be lost. In addition, many instructions for control
transfer include an annul bit, which can be set to force tha it
to cancel the delay instruction when a conditional branch.i
taken. This provides more freedom for the compiler '
a useful instruction into the delay slot, since an mstru
the annul bit set need only be useful in th
branch.

Traps
Two types of traps are recogmzed»
processor; synchronous

are synchronous since they only occur
instructions.

A table in memory will contain mstructlo which “vector” to
trap handlers. Traps transfer control; t ‘these instructions
using a base address and offset given. in the Trap Base
Register (TBR). The trap base address (the address of the
trap instruction table) is controlled in the TBR by software, and
the offset is controlled by the |IU depending on the trap type.
Only the reset trap doesn't use the trap table, but instead
always starts executing instructions at absolute address 0.

Traps save the program counter and next program counter,
either of the instruction which caused a synchronous trap or
the instruction that was in the E stage of the pipeline when an
interrupt or coprocessor trap occurred. In the case of floating
point traps, the address of the instruction which caused the
trap will be in the floating point queue.

Floating Point and Coprocessor

Interfaces

The BIT SPARC architecture provides two separate
coprocessor ports, a floating point coprocessor which has
been defined and included in the language support, and a

4

separate, user defined coprocessor. The IU fetches and
dispatches coprocessor instructions from the same stream as
the integer instructions.

Two classes of coprocessor instructions are included,
coprocessor loads/stores and coprocessor operate. For a
floating point coprocessor, the floating point operate
instructions have been fully defined. For other types of
coprocessors it is up to the user to define those coprocessor
operate instructions. The 1U executes coprocessor/floating
point loads and stores by generating the address and control
signals required for reading/writing memory. A path is provided
from cache or main memory directly to the coprocessor
registers, thus bypassing the IU. The execution of the operate
instructions invoives dispatching both the instruction as weil
as the instruction fetch address to the coprocessor. The
coprocessor then completes the instruction concurrently with
the 1U operation.

the BIT Bs1 10/85120 float/ng point chip set, 2 B5210 register
tiles and a. B5100 floating point controller to interface these
chips:to the IU. See related documents for information

penammg to these components.

ternally Generated Errors

arity is checked by the IU on instructions and data loaded
into the data input port, and on operands read from the internal
egister file. Whenever a parity error occurs, the IU generates
a synchronous trap. These traps can be enabled using a bit in

the Bootmode Configuration Register. Odd byte parity is used.

Additionally, the U may encounter a situation which causes an
irrecoverable error (for example, a trap occurs with traps
disabled). In this case, the processor enters a hait state and
must be reset to resume. This condition is indicated with an
external signal (ERRCR).

Double Word Instruction Fetch

A typical BIT SPARC system will utilize a double word wide
instruction/data cache connected to the input bus. Two
advantages are gained by this architecture: 1) branches can
be performed in one cycle since the 1U will likely have both the
buffered sequential instructions as well as a cycle to fetch the
target instruction; 2) floating point performance is increased
because double precision operand load and store operations
can occur in one cycle; 3) Cache fills can be accomplished two
words at a time. All pre-fetching and control on the double
word instruction bus is handled by the IU. Internal state
machines are responsible for keeping the instruction buffer in
a non-empty state. During a branch the IU will fetch the target
instruction and, when the branch condition is decided, will
have both the target instruction and the next sequential
instruction available. Consequently, most branches will
operate in one cycle.
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General Purpose Registers

The register file in the IU includes 120 general purpose
registers. These are configured as 7 windows of 24 registers
each and 8 global registers. Windows overlap with the
previous and the next window by 8 registers, leaving 8
registers which are /ocal. Those registers shared with the
previous window are the ins, where parameters are received
from the calling subroutine. Registers shared with the next
window are the outs, where parameters are passed to the
called subroutine. Thus the current window’s ins are the
previous window’s outs, and the current window's outs are the
next window's ins. Local registers are private, and global
registers are equally available to all.

Window management is provided using the Current Window
Pointer (CWP) in the Processor State Register, the save and
restore instructions which decrement and increment the CWP,
and the Window Invalid Mask register which places bounds
upon the windows. Addressing of the window registers is
performed using 5-bit fields in the instructions, in conjunction
with the 5-bit Current Window Pointer. Register numbers take
values from 8 to 31, global registers are absolute numbers 0

to 7, and the Current Window pointer ranges from 0 to 6. Tha:

following table shows register addressing and Figure
describes register sharing across three windows.

Number

24] to r[31]
[16] to r[23]
8] to r[15]

Window numbers can be changed by altering the CWP field
of the Processor State Register (PSR). The active window is
defined as the window currently pointed to by the CWP. The
CWP can be written by a WRPSR instruction, incremented by
a RESTORE or RETT instruction, and decremented by a
SAVE instruction. When CWP is decremented or incremanted,
modulo seven arithmetic is used since exactly seven register
windows are available. Thus windows are joined together in a
circular set. This makes window 6, the highest numbered
window, adjacent to window 0, the lowest numbered window,
with window 0 outs forming window 6 ins.

Windowed register addressing also uses the Window Invalid
Mask (WIM) register for window maintenance. This register
contains a control bit for each window. If a SAVE instruction
encounters a “1” in the WIM bit corresponding to the new
window, a register file overflow trap will occur. In the same
way, a RESTORE instruction will cause a register file
undertlow trap if it encounters a 1 in the WIM bit corresponding
to the.new window.

Ve the program counter [PC] and next program
nPC] into r [17] and r [18)] of the next window, which
vilt: be local registers in the trap routine.

0] to r{7]
Previous windo
ins
locals Current window
31 .
outs o4 ins
23
CWP+1 6 locals Next window
185 outs ins
CWP locals
outs
i Globals CWP-1

Flgure 2 — Register Windowing in the BIT SPARC
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Special Purpose Registers

Four special purpose registers are available to the
programmer as 32-bit read/write registers. These registers are
used for control and status information in most cases. They
include the Processor State Register (PSR), Window Invalid
Mask register (WIM), Trap Base Register (TBR), and the
multiply step register (Y).

Processor State Register

This 32-bit register contains various fields describing mode
and state of the processor. Two instructions, RDPSR and
WRPSR, access the entire register directly, while other
instructions may directly modify only individual fields within
the register. For example, the CWP field is modified by the
SAVE, RESTORE, Ticc, and RETT instructions, and the
integer condition codes are modified by several ALU
instructions. Figure 3 shows the different fields in the PSR.

impl — Bits 31..28 identify the implementation number of the
processor. WRPSR will not change this field; for BIT SPARC,
RDPSR returns the number 2.

ver — Bits 27..24 of the PSR identify the version number of:

this particular implementation. WRPSR will not change this

hasa

foree=y

their o
as follows:

iurul transfer on these bits

Bit 21 — Overflow; when high; indicates that the last
instruction to modify icc resulted in an:arithmetic overflow.
Logical instructions which modify icc always reset this bit.

Bit 20 — Carry; when bit 20 is high, the last ALU instruction
to modify icc caused a carry out of bit 31 of the result if the
operation was addition, or caused a borrow into bit 31 if the
operation was subtraction. Logical instructions which
modify icc always reset this bit.

véonjunctlo'n with'the relative register address in the instruction,

resarvad — Bits 19..14 are reserved for future use. WRPSR
should only write zeros to this field; RDPSR will read zeros
from this field.

EC — Bit 13 enables the user defined coprocessor interface
when high. See the SPARC architecture manual for further
information.

EF — Bit 12 enables the floating paint coprocessor interface
when high.

PIL — Bits 11..8 determine the interrupt mask level. interrupt
priority is highest to lowest from 15 to 1. The processor will
only accept interrupts whose level is higher than the value in
the PIL field of the PSR. Interrupt level 15 cannot be masked.

S — Bit 7 determines the execution level of the processor. If
S=1 the processor operates in supsrvisor mode, and when
S=0, the user mode. Note that since WRPSR is a supervisor
level instruction, supervisor mode can only be entered from
user mode through the.use of a trap.

CWP::helps determine which absolute register is being
vddressad. CWP is decremented by traps and SAVE (ie. CWP
ows “down) and incremented by RESTORE and RETT
i Since the CWP cannot point to an
nimplemented window, arithmetic is performed modulo 7.

Window Invalid Mask Register

The WIM register is used to determine if a window overflow
trap or a window underflow trap should be generated by a
SAVE, RESTORE, or RETT instruction. Each of the seven
least significant bits in this 32-bit register corresponds to a
general purpose register window. For example, bit 0
corresponds to window 0, bit 1 to window 1, and so on. Bits
7 through 31 correspond to unimplemented windows and read
as zeroes. They are ignored when written.

When a SAVE, RESTORE, or RETT would cause the CWP to
point to a window whose corresponding WIM bit is one, it
causes a window overflow trap (SAVE) or window underflow
trap (RESTORE, RETT) to occur.

31 28 27 24 23 20 19

14 13 12 1 8 7 6 S5 4 0

impl ver ice

reserved

EC|EF PIL S |PS|ET CWP

Figure 3 — BIT SPARC Processor State Register (PSR)
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Trap Base Register

The Trap Base Register contains three fields which determine
the address of a trap handler when a trap occurs. The fields
are identified in Figure 4.

TBA — Bits 31..12 comprise the Trap Base Address.
Controlled by software, it contains the most significant 20-bits
of the trap table address (except for the reset trap, which
always vectors to zero). TBA can be written by using the
WRTBR instruction.

tt — Bits 11..4 comprise the Trap Type field. This is an 8-bit
field written by the processor at the time a trap is taken, and
retains its value until the next trap. Trap type is concatenated
with the TBA to form the address of the first trap instruction;
TBA is the base address and tt is the offset into the trap table.
WRTBR doss not affect the tt field.

2ero — Bits 3..0 are always zero. WRTBR does not affect this
tield. Every trap address will have the least significant 4-bits
zero, thus trap vectors are aligned on 16-byte boundaries.

B5000

The multiply step instruction uses this 32-bit register to create
64-bit products. This register can be read and written using the
RDY and WRY instructions. Consult the SPARC architecture
manual for more information concerning the use of this
register.

31

4 3 0

zero

This Materia

SPARC Trap Base Register
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Processor Data Types

The BIT SPARC Integer Unit recognizes nine different data
types, six integer and three floating point. The six integer data
types include byte, unsigned byte, halfword, unsigned
halfword, word, and unsigned word. Floating point data types
(consistent with ANSI/IEEE 754-1985) include single, double,
and extended. A byte is defined as 8-bits wide, a halfword as
16-bits and a word as 32-bits wide (see Figure 5). Although
SPARC instructions include load (and store) double word
(defined as 64-bits wide), this is not considered a processor
data type since the IU can only operate on (up to) 32-bit
operands; e.g., a double word would be operated on one 32-
bit word at a time. See the BIT SPARC Floating Point
Controller (B5100) documentation for more information on
tloating point data types.

The SPARC architecture defines byte order in memory to be
most significant to least significant. For example, a double
word in memory will have bits 32 to 63 (MSW) placed in
location n and bits 0 to 31 (LSW) placed in n+4. Load double
instructions will thus load the most significant 32-bits of a 64-
bit operand from location n into register r specified in the rd
field of the instruction, and the least significant 32-bits will be
loaded from n+4 into register r+1.

This rule also applies to bytes or halfwords within a word. A
word made up of four bytes n to n+3 will contain the most
significant byte at byte address 0 and the least significant byte
at byte address 3. The address of a double word, word, or
halfword is the address of its most significant byte.

In addition, halfwords, words, and double words must ail be
evenly aligned. The address of a halfword must be evenly
divisible by 2, that of a word by 4, and the address of a double
word must be divisible by 8. f a load or store instruction
generates an improperly.aligned address, a memory address

Byte
Unsigned Byte
Halfword

16 0
Unsigned Halfword - ~ u-hword

31 0
Word s word

31 0
Unsigned Word u-word

Filgure 5 — BIT SPARC Integer Data Types
8
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Instruction Set Overview

BIT SPARC instructions fall into six different categories: loads
and stores; arithmetic/logic/shift, control transfer, read/write
special registers; floating point operate (FPop); and
coprocessor operate (CPop). These instructions are coded
based upon three different formats. Format 1 has a 2-bit op
tield and a 30-bit displacement (disp30) vaiue. Only the call
instruction uses format 1. Format 2 includes the same 2-bit op
field, a 3-bit op2 field, a 22-bit displacement or immediate
(imm22) value, and either a 5-bit destination register field (rd)
or a condition/annul field (a) for branching. Branch
instructions and SETHI use format 2. Format 3 is used by all
other instructions. It has the same 2-bit op field, a destination
register field rd, a 6-bit op3 field, a source register field rs7,
and 1 of 3 sub-formats: 1) floating point and coprocessor
operate instructions contain a 9-bit FPop orCPop field opf
and a second 5-bit source field rs2; 2) a 13-bit immediate data
field imm13 ; or 3) a second source field rs2 and an asi field.
More information concerning these formats may be found in
the SPARC architecture manual. Figure 6 illustrates these
formats.

Loads/Stores — These are the only instructions which access
memory. They generate a 32-bit logical address and an 8-bit
Address Space Identifier. Two methods of calculating an
address are possible; an address can be obtained by adding
two registers, or by adding one register and a 13-bit sign
extended immediate value.

The SPARC architecture defines four of the 256 available
address spaces to be user instruction (08H), user data (0AH),
supervisor instruction (09H), and supervisor data (0BH). All
other spaces are implementation/user dsfinable. However,
only supervisor level instructions may selectively place a
value into the as/ field. All user instructions will automatically
generate either 08H or OAH.

Arithmetic/Logic/Shift — These instructions compute a
result that is a function of two source operands, and sither
write the result into a register or discard it. The two operands
are either registers (i=0) or one register and a 13-bit sign
extended immediate value (i=1). Most of these instructions
odifies the integer condition code
rforming the operation. A result is

global register 0.

31 29
Format1 |Op
31 29
o op2
Format 2 P P
opla| rd op2 imm22
31 29 24 18 13 12 4 0
op| rd op3 rs1 |i asi rs2
Format3 |op| rd op3 rst i imm13
op| rd op3 rsi opf rs2

Figure 6 — BIT SPARC Instruction Formats
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Control Transfer Instructions — These instructions include
conditional branches, jump and link, call, synchronous trap,
and return from trap. They can be characterized as
instructions which change the value of the program counter
(PC) and next program counter (nPC). All of these instructions
transfer control to a non-contiguous location in memory, and
all but the synchronous trap execute the instruction
immediately following sequentially (ie — delayed control
transfer).

Branch and call instructions use program counter relative
displacement, that is they add an immediate value to the
current value of the program counter. Branches use a 22-bit
displacement, ailowing transfer of control within 8 Mbytes; cal/
instructions use a 30-bit displacement which allows transfer to
an arbitrary location.

The jump and link and return from trap instructions use
register indirect displacement. They compute their target
addresses as either the sum of two registers (i=0) or the sum
of a register and a sign extended immediate value. Trap
instructions always use the Trap Base Register to calculate
their trap address.

Read and Write Special Registers — The SPARC:
architecture provides instructions to read and write
contents of the various programmer visible special regist
The source or destination is implied by the instruction:j
These include instructions to read andwrite the:e S|

10

Floating Point Operate — Floating point operate instructions
execute concurrently with IU instructions. These are generally
three register instructions which place their results in a
destination floating point register, the result being a function
of one or two source operands. The exception is floating point
compare, which modifies the condition code field of the
floating point state register. Floating point operate instructions
do not include floating point load and store instructions.

Because the IU and FPU operate concurrently, at the time of
a floating point exception the IU program counter might not
contain the address of the floating point instruction that caused
the exception. However, the first element of the floating point
queus contains this instruction and it's address, and the rest
of the queue contains instructions and addresses which have
not yet completed. These may be re-executed or emulated in
software.

Coprocessor Operate — Coprocessor operate instructions,
d and store instructions, utilize an
it |dent|cal to the ﬂoatlng point

terfa‘i:e may. also og_érata concurrently with the 1U.
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Mnemonic Function Cycles Format
LDSB Load byte 1 F3
LDSH Load haltword 1 F3
LDuUB Load unsigned byte 1 F3
LDUH Load unsigned halfword 1 F3
LD Load word 1 F3
LDD Load doubleword 2 F3
LDSBA Load byte from Alternate space 1 F3
LDSHA Load halfword from Alternate space 1 F3
LDUBA Load unsigned byte from Alternate space 1 F3
LDUHA Load unsigned halfword from Alternate space 1 F3
LDA Load word from Alternate space 1 F3
LDDA Load doubleword from Alternate space 2 F3
STB Store byte 2 F3
STH Store halfword 2 F3
ST Store word 2 F3
STD Store doubleword 3 F3
STBA Store byte to Alternate space 2 F3
STHA Store halfword to Alternate space 2 F3
STA Store word to Alternate space 2 F3
STDA Store doubleword to Alternate spa 3 F3
LDF Load floating point register . 1 F3
LDDF Load double floating point regtster 1 F3
LDFSR Load floating point state regis 1 F3
LDC Load coprocessor 1 F3
LDDC Load double coproc 1 F3
LDCSR Load coprocessos: 1 F3
STF Store floating po 1 F3
STDF Store double tfloating. pomt eglste 1 F3
STFSR Store floating point st 1 F3
STDFQ Store double floating 3 F3
STC Store coprocessor reg 1 F3
STDC Store double cop'mcesébr register 1 F3
STCSR Store coprocessor state register 1 F3
STDCQ Store double coprccessor queue 3 F3
LDSTUB Atomic load-store unsugned byte 2 F3
LDSTUBA Atomic load-store unsigned byte in Alternate space 2 F3
SWAP Atomic swap register with memory 2 F3
SWAPA Atomic swap register with memory in Alternate space 2 F3
ADD Add 1 F3
ADDcc Add and update condition code 1 F3
ADDX Add with carry 1 F3
ADDXcc Add with carry and update condition code 1 F3
TADDcc Tagged add (updates condition code) 1 F3
TADDccTV Tagged add and trap on overflow 1 F3
SuB Subtract 1 F3
SUBcc Subtract and update condition code 1 F3
SUBX Subtract with borrow 1 F3
SUBXcc Subtract with borrow and update condition code 1 F3

This Materi al
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Table 1 — Instruction Set (Cont)

Mnemonic Function Cycles Format
TSUBcc Tagged subtract 1 F3
TSUBccTV Tagged subtract and trap on overflow 1 F3
MULScc Multiply step and update condition code 1 F3
AND Logical AND 1 F3
ANDcc Logical AND and update condition code 1 F3
ANDN Logical NAND 1 F3
ANDNcc Logical NAND and update condition code 1 F3
OR Logical OR 1 F3
ORcc Logical OR and update condition code 1 F3
ORN Logical NOR 1 F3
ORNcc Logical NOR and update condition code 1 F3
XOR Logical XOR 1 F3
XORcc Logical XOR and update condition code 1 F3
XNOR Logical XNOR 1 F3
XNORcc Logical XNOR and update condition code 1 F3
SETHI Set most significant 22 bits of register 1 F2
SLL Logical shift left 1 F3
SRL Logical shift right 1 F3
SRA Arithmetic right shift 1 F3
SAVE Save caller's window 1 F3
RESTORE Restore caller's window 1 F3
Bicc Branch on integer condition: 1 F2
FBfcc Branch on floating poi 1 F2
CBccc Branch on coprocesst 1 F2
CALL Call subroutine 1 F1
JMPL Jump and link 2 F3
RETT Return from trap 2 F3
Ticc 1 F3
5

RDY Read Y register 1 F3
RDPSR Read processor state 1 F3
RDWIM Read window invalid 1 F3
RDTBR Read trap base register 1 F3
WRY Write Y register 1 F3
WRPSR Write processor state register 1 F3
WRWIM Write window invalid mask 1 F3
WRTBR Write trap base register 1 F3
UNIMP Unimplemented instruction F2
IFLUSH Flush instruction cache F3
FPop Floating point operate: F3

FiTO(s,d,x), F(s,d,x)TOi, F(s,d,x}TOIR, FsTOd, FsTOx,

FdTOs, FdTOx, FxTOs, FxTOd, FMOVs, FNEGs, FABSs,

FSQRT(s,d,x), FADD(s,d,x), FSUB(s,d,x), FMUL(s,d x),

FDIV(s,d,x), FCMP(s,d,x), FCMPE(s,d,x)
COop Coprocessor operate F3

12
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Figure 7 — BIT SPARC Integer Unit Pin Assignments
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Table 2 — Signal Summary

Description Signal Name Type
Clocks

IU Main clock SYS_CLK Input

Cache address clock CAR_CLK Input

Write enable clocks TWE_CLK, LWE_CLK Input

System clock input CLK_IN Input

Differential output clock CLK_OUT, CLK_OuT" Output — 50 Q
Address Bus

Address Low AL [18..3] Output — 30 Q

Complementary Address Low AL [18..3]" Output — 30 Q

Address High (master phase output) AH {31..15] 10O —50Q

Address Space ldentifier ASl| [7..0) Output — 50

Byte select ALSB [2..0] Output — 50 Q
Data Bus

Output data Output — 50 Q

Instruction/data input Input

Data input parity Input
Bus Cycle Definition

Bus operation type OQutput — 50 Q

Write enable Output — 30 Q

Data type indicator Output — 50 Q

Trap status Output — 50 Q

NULL cycle indicator Output — 50 Q
Bus Cycle Controls

Data pass cycle control Input

Memory exception input

Memory error Input

Hold input control MHOLD, SHOLD Input

Memory data strobe MDS Input

External cache address enable XMAR Input

Externally generated write end MS_WE Input
Coprocessor Interface Signals

Coprocessor present FP, CP Input

Condition codes FCC [1..0], CCC [1..0] Input

CC bits valid FCCV, cCcCcv Input

Coprocessor hold FHOLD, CHOLD Input

Exception FEXC, CEXC Input

Increment external PC IXPC Qutput — 50 Q
Miscellaneous 1/O signals

Interrupt request level IRL [3..0] Input

Reset RESET Input

Internal error/Scan data out ERROR/SDOUT Output — 50 Q

Enable boot mode BOOTMODE Input

Scan mode enable SMODE Input

Scan data in SDIN Input

14
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Signal Description

Clocks
SYS_CLK Main Integer Unit clock. All internai
timings,except as noted below, are based

on SYS_CLK.

Cache Address Register clock. AL [18..3]
and AL [18..3]* are internally clocked by this
input. It is expected that CAR_CLK will be
early with respect to SYS_CLK for matching
wire delay in the cache address path.

ASI [7..0]

CAR_CLK

LWE_CLK Leading Edge Write Enable clock allows the
system designer to tailor the leading edge of
the WE1* and WE2* write signals.
LWE_CLK is specified with a set-up time to
SYS_CLK, and should be delayed with
respect to CAR_CLK to ensure address set-

up to WE1*, WE2".

Trailing Edge Write Enable clock determines
the placement of the trailing edge of WE1*
and WE2*. TWE_CLK is specified with a
set-up time to SYS_CLK, and should b
advanced with respect to CAR_CLK to:
ensure address hold to WE1*, WE2"

ALSB [2..0]

Data Bus
DOUT [31..0]

TWE_CLK

CLK_IN

CLK_OUT,
CLK ouT* expected that SYS
B this clock, as will *
CLK_OouT*

CLK_OUT.

Address Bus
AL [18..3], The address low b
AL [18.3]* addressing the ca

ically used for
i ése bits become
valid based upon % ing edge of the
CAR_CLK input. If theclock is skewed early
with respect to the main U clock, wiring
delay for the cache addresses may be
matched to achieve maximum performance.
AL [18..3]" are complementary versions of
AL {18.3].

Address high bus provides the most
significant 17-bits of address in the master
(SYS_CLK low) phase of the cycle. Typically
used for cache tag compare and virtual page
mapping, this bus is timed such that it must
be latched externally with SYS_CLK; AH
[31..15] become valid in the E stage during
loads and stores. Additionally, these pins
are bidirectional with an internal feedback
path to AL[18..2] to allow a cache controller

DINP [7..0]

AH [31..15]

This Material Copyrighted By Its Respective Manufacturer

access to the cache data and tags during
MHOLD cycles, at which time these pins are
configured for input. (see XMAR)

The Address Space Identifier bus describes
one of 256 different address spaces. Used
in conjunction with the 32-bit address bus,
AS) allows addressing of up to 1 Tera byte
of memory. These pins are valid during the
W stage of every memory access
instruction.

The three least significant address bits
indicate which byte, halfword, or word is
selected for the current memory access.

Store. data as well as coprocessor
i ns and addresses are output on
JS ors data is valid during the W
+of memory store cycles. Coprocessor
uding floating point) instructions are
d during the D stage of related
processor cycles. When this bus is not

‘being used to transfer data or CP, FP

instructions/addresses, the current D stage
instruction address is output.

Instructions and data are loaded through
this bus. Since it is two 32-bit words wide,
the processor can fetch two instructions
simuitaneously. This is especially useful for
branch instructions since the branch target
can be fetched while still keeping the next
sequential instruction internally buffered,
thus allowing single cycle branches. The U
uses this bus to fetch two instructions, or
load one data word. The timing of this bus is
with respect to SYS_CLK.

All input data bytes are associated with an
ODD parity indicator bit. These parity bits
are checked every cycle and, if enabled,
generate a parity error trap when a byte
parity error is detected. Baecause of SPARC
byte ordering, DINP[7] is the parity bit for
DIN[7], DINP[6) for DIN[6], and so on.
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Signal Definitions

BUSOP [4..0]

WE1*, WE2*

DTYPE [2..0]

TSTAT [1..0]

NULCYC

This 5-bit bus is used to indicate the type of
external operation to be performed during
the next cycle. Table 3 on the following page
shows the different codes, with a short
description of each.

Write enable signals to the cache are
controlied by the U to minimize skew with
respect to the addresses. Two clocks,
LWE_CLK and TWE_CLK, are used to place
the edges of the write enable pulses,
providing flexibility for the system designer
using different manufacturer's memory
devices. Two separate outputs are provided
to allow the designer to minimize loading
and obviate wiring delays. These pins are
identical both in functionality and timing.

Each processor cycle, the DTYPE bus
describes which type of data is currently
being driven on the DOUT [31..0] bus. The
following table describes the options.

DTYPE Type of Data

FPU Instruction
Store Data
CP Instruction

NONSEWON-O

TSTAT

0

1

2 CP-Trap

3 Other Trap

Output indicating that the current bus
access should be cancelled. Only used
during instruction fetch cycles, NULCYC is
equivalent to a NULL BUSOP code in the
previous cycle.

Bus Cycle Controls

DPASS

16
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During MHOLD, an external controller may
pass data directly from the D, input of the iU
to the D, output by asserting DPASS. The
state of AH[15] (input) determines which half
of the 64-bit word will be placed on the
output; when AH[15] is low the most
significant word is passed, and when AH[15]
is high the least significant word is selected.

MEXC

MERR

MHOLD

MS_WE

Copyrighted By Its Respective Manufacturer

Memory exceptions such as page fault from
a Memory Management Unit are indicated
using this pin. MEXC informs the processor
that the requested instruction or data is not
present at the data input of the 1U. Asserted
in lieu of valid data during the W stage of the
current access cycle or by using MDS during
MHOLD, this signal informs the processor of
an exception from which the cache
controller or MMU cannot recover.

This pin is typically used to signal a hard
error discovered during a memory access.
Parity errors or ECC exceptions are two
examples.

The Memory HOLD input is used to force the
processor into a hold state in the next cycle.
Typically used to inform the IU of a cache
miss, this signal causes the processor to

| for any number of cycles, but the
ustains the hold for 2 cycles after it is
.released.

External system devices may force the iU
into a hold state in the next cycle by
asserting this pin.

Memory Data Strobe; In a cache based
system, MHOLD will be used to indicate a
cache miss. Since MHOLD is not asserted
until after the compietion of the cycle, the 1U
will have strobed invalid data into its
instruction register. This signal enables the
cache controller to strobe valid instructions
or data into the IU during an MHOLD cycle.

During miss processing in a cache based
system, the cache controiler determines the
source of AL [18..5] using this signal. When
asserted, the address pins are derived from
inputs AH [31..18]. When Ilow, the IU
generates AL [18..5] with a copy of the miss
address. In either case, the cache controller
provides AL [4..3], ALSB[2] using pins
AH [17..15).

Cache write enable signals are activated
during an MHOLD cycle when this signal is
asserted. An external cache controlier might
use this pin to enable writing data and tags
to the cache during cache misses. Timing of
the WE1* and WE2" pins is controlled by the
write enable clocks.
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Table 3 — BUSOP Codes

BUSOP [4..0] Description

00000
00001
00010
00011
00100
00101
00110
00111

01000
01001
1010
01011
01100
01101
01110
01111

Floating Point

Special Codes

NULL — indicates no bus operation

Idstub — this code is active to indicate the initiation of the atomic instruction LDSTUB
I-Fetch — indicates the processor is fetching a sequential instruction from memory
swap — this code is active to indicate the initiation of the atomic instruction SWAP
Hidd — signifies the second cycle of a two cycle load instruction such as LDD

Hstd — signifies the second cycle of a four cycle store instruction such as STD

Hst1 — active in the next to last cycle of a store access

Hst2 — active during the last cycle of a store access

Integer Codes

Idh — signifies a load data halfword instruction cycle
ldb — signifies a load data byte instruction cycle .

ldd — signifies the first cycle of a load double data word instructior
ld — signifies a load data word instruction.cycle
sth — signifies the first cycle of a store data halfword
stb — signifies the first cycle of a sto )
std — signities the first cycle of a sto

st — signifies the first cycle of a:store ¢

10000 Idf — active during th

10001 Idfsr — indicates

10010 reserved

10011 lddf — indicates a load double'floatm :pomt operand

10100 stf — indicates a store float in operand instruction

10101 ing point state register

10110 loating point queue instruction

10111 stdf — indicates’ the store double floating point operand instruction
Coprocessor

11000 ldc — active during the cycle of a load coprocessor operand

11001 ldcsr — indicates a load coprocessor state register instruction

11010 reserved

11011 lddc — indicates a load double coprocessor operand

11100 stc — indicates a store coprocessor operand instruction

11101 stcsr — signifies store coprocessor state register

11110 stdcq — signifies the store coprocessor queue instruction

11111 stdc — indicates the store double coprocessor operand instruction

This Materia
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FP Interface
FP A high level on FP indicates to the 1U that a
floating point coprocessor is presant.

FCC [1..0] Four floating point coprocessor condition
codes are interpreted by the IU according to

the following table:

FCC [1..0] | Interpretation

equal (=)

less than (<)
greater than (>)
unordered (?)

W -0

FCCV The floating point condition codes are

defined as valid when this signal is active.

FHOLD Allows the floating point coprocessor to

force a hold on the IU. Similar to SHOLD.

The floating point coprocessor signals an
exception by activating this pin. The U will
respond by taking a floating point Trap
signalled on the TSTAT bus. In ordes:!
guarantese that the IU recognizes the trap
this signal must be held active unti Tra
is asserted. :

When the

FEXC

cP
CCC [1..0] Four coprocessor condition:cades, similar
to the floating point condition codes, are
interpreted by the 1U.. ¥
| cccv The coprocessor condition codes are
| defined as valid when this signal is active.
| CHOLD Allows a user-defined coprocessor to force
| a hold on the 1U. Similar to SHOLD.
| CEXC The user dsfined coprocessor signais an

exception by activating this pin. The IU will
respond by taking a coprocessor Trap,
signalled on the TSTAT bus. In order to
guarantee that the IU recognizes the trap,
this signal must be held active until CP-Trap
is asserted.

This Materi al

Miscellaneous I/O

IRL [3..0] Sixteen levels of interrupt are defined by the
SPARC architecture and are encoded on
the 4-bit IRL field. These interrupts are
asynchronous, and the priority is from 0
(lowest) to 15 (highest). IRC has two stages
of internal synchronization logic to reduce
spurious interrupts. The IRL inputs can also
be synchronous with respect to SYS_CLK i
they meet t_, . If IRL is asynchronous the
trap handlers must be able to handle
spurious interrupts. All interrupts but 15 may
be masked by the PIL field in the PSR
register.

RESET A reset may be applied to the processor at
any time, causing all internal registers to be
initialized and execution to begin at address

zero. RESET must be asserted for at least

gnal“places the processor in boot
“and allows access to the Bootmode
Configuration Register. Description of boot
‘made may be found in a later section.

iagnostics may be performed on the U
through the use of scan mode, controlled
with this input. When asserted, clocking of
non-scanned registers is disabled and
scanned registers are internally connected
as one long serial shift register. This register
is clocked with SYS_CLK.

A serial stream of data is input through this
pin when the processor is connected in scan
mode.

ERROR/SDOUT This signal has two meanings depending
on the state of SMODE. In run mode
(SMODE=0), if the IU encounters an
irrecoverable error, it enters a HALT state
and asserts this signal. The only way to
recover is to have RESET asserted. In scan
mode (SMODE=1), serial data is shifted out
on this pin.

Copyrighted By Its Respective Manufacturer
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Electrical Specifications

Table 4 — Absolute Maximum Ratings

Note: Permanent damage may occur if any one absolute maximum rating is exceeded. Functional operation is not implied and
davice reliability may be impaired by exposure to higher than recommended conditions.

Parameter Symbol Value Units
With Heatsink Without Heatsink
Supply Voltage Vi, —-7.0t0 0 -7.0t0 0 Ve
Input Voltage Vi, V100 V,, 1o 0 Ve
Output Source Current
Continuous (50 Q output) loc 30 30 mA,
Continuous (30 Q output) loc 50 50 mA
Surge los 100 100 mA,,
Storage Temperature Ty 125
Junction Temperature T 125 -

Table 5 — Recommended: Operating and Test Conditions

Note: The following environmental conditions pertain.to gu'araﬁ{'eed DC érid_ Swifching characteristics for chips soldered into
a circuit board. These conditions should not be exceeded during normal operation.

Parameter Symbol | Min. Nom Max Units

Supply Voltage (GND = 0) -5.20 -4.94 Vg
Operating Junction Temperature 125 °C
Output Termination to —=2.0 V, 50 Q

* Worst case junction temperature specified for worst case loo
** AL [18..3], AL [18..3]*, WE2%;. and WE1"* use 30 Q output termination.

Table 6 — DC Characteristics

Parameter Symbol T, min T,, nom T,, max Units
Min Max Min Max Min Max

Input Voltage High Vi, -1.17 -1.13 -1.07 V.
Input Voltage Low v, -1.48 -1.48 -1.45 Ve
Output Voltage High Vo, -1.02 -0.98 -0.92 V.
Output Voltage Low vV, -1.63 -1.63 -1.60 Ve
Parameter Symbol Min Nom Max Units
Supply Current leo 2.75 3.75 A,
Input Current High Ly 0.3 mA,,
Input Capacitance C, 5 pF

19
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Table 7 — Switching Characteristics

Parameter Symbol Min Max Units

Clock Timing

Cycle Time tye 12.5 ns
Clock Pulse Width High t, 55 ns
Clock Pulse Width Low t, 55 ns
LWE_CLK hold from SYS_CLK | 6.0 ns
TWE_CLK to LWE_CLK Set up S 3.5 ns
CAR_CLK hold from SYS_CLK tecar 8.0 ns
SYS_CLK hold from CAR_CLK t e 0.0 ns
Setup and Hold Timing

DPASS setup to SYS_CLK cudpass 4.0 ns
SMODE setup to SYS_CLK susmode 4.0 ns

susdin 4.0 ns

Setup to SYS_CLK (All else)
Hold time from SYS_CLK

ns

t
t
SDIN setup to SYS_CLK t
t
t ns

Clock Timing
CAR_CLK to AL [18..3}, AL [18..3]*
LWE_CLK to Write Enable Low
TWE_CLK to Write Enable High
CLK_IN to CLK_OUT Delay
SYS_CLK High to AH [31..15]
SYS_CLK Low to AH [31..15]
SYS_CLK to ALSB{2..0]
SYS_CLK to ASI
SYS_CLK to BUSOP [4..0]
SYS_CLK to TSTAT [1..0]
SYS_CLK to NULCYC
SYS_CLK to DTYPE [2..0]
SYS_CLK to IXPC
SYS_CLK to ERROR

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

SYS_CLK High to DOUT [31..0] 10.0 ns
Mhold Timing

MHOLD Setup Time S 1.0 ns

MHOLD Hold Time L S 2.0 ns

Clocked MHOLD to AH [31..15] Inactive t i 6.0 ns

MHOLD to LWE_CLK setup time S 3.0 ns

20
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Clock Timing

teye

«—— tcn te) ———»
/ :l /
CLOCK / p

Note: CLOCK can be any of the following: SYS _CLK, CLK_IN, CAR_CLK, LWE_CLK, and TWE_CLK
Clock Relationships

SYS_CLK ,t j

tclkcar tcarclk
CAR_CLK \\ \\
CLK_IN N\

CLK_OUT

Write Enable Timing

SYS_CLK \\ /
tiweheld
MHOLD
tmsu!we
LWE_CLK N\ y.d
tiwelwe

TWE_CLK N\ A N\

tiwewe twewe —
WE1*, WE2*

Figure 8 — Timing Diagrams
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SYS_CLK //_\&__/m
tetan —I—

CAR_CLK
tecal
AL [18..3], vaid X
AL[18.3]*
E W R

«—— lchah ——»

AH [31..15]

tcalsb
ALSB [2..0] Valid
ASI[7..0] X
BUSOP [4..0] e X

tetst
TSTAT [1..0] Valid ) d
NULCYC
DIN [63..0] Valid
tsu thid

DINP [7..0] Valid

Figure 8 — Load/Fetch Timing with No MHOLD
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CAR_CLK

tecal

AL[18..3], vaid X
AL [18..3]*

SYS_CLK

tmani

AH [31..15]

ALSB [2..0]

ASI[7..0]

BUSOP [4..0]

TSTAT[1..0] Valid

NULCYC

MHOLD \

DIN [63..0] & Invalid

DINP [7..0] invalid

Figure 10 — Load/Fetch Timing with MHOLD
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AL [18..3]*

SYS_CLK

AH [31..15]
ALSB [2..0]
ASI[7..0]
BUSOP [4..0]
TSTAT [1..0]
DTYPE [2..0]
LWE_CLK
TWE_CLK
WE1*, WE2*

DOUT [31..0]
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Valid X
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liwowe w
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;l( valid X
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Figure 11 — Store Timing with No MHOLD
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AL[18..3]*

SYS_CLK

AH [31..15]
ALSB [2..0]
ASI[7..0]
BUSOP [4..0]
TSTAT [1..0]
DTYPE [2..0]
MHOLD
NULCYC

DOUT [31..0]

tecal
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E w R R+
N N
tclah tmsu
«— Ichah I tmani

N

Configured for Input

X
X NULL
X
X NULL

N

N\

tcdout

X valid X
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Figure 12 — Store Timing with MHOLD
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Figure 14 — B5000 Package Dimensions
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