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Integer Unit

The arithmetic, logical and shift instructions compute a result that is a
function of one or two source operands and then place the result
non-destructively in a register.

The control transfer instruction category includes jumps, calls, traps, and
branches. Control transfers are usually delayed until after execution of the
next instructions so that the pipeline is not emptied every time a control
transfer occurs, allowing compilers to optimize for delayed branching.

The read/write control register instructions include instructions to read and
write the contents of various control registers. Generally, the source or
destination is implied by the instruction.

INSTRUCTION CYCLES
Call 1
Single Loads 1
Jump/Return 2
Double Loads 2
Single Stores 1
Double Stores 2
Taken Trap 3
Atomic Load/Store 2
SWAP 2
Integer Multiply 19
Integer Divide 39
All Others 1

Table 2-1 1U Cycles per Instruction

2.2.3 Traps and interrupts

2-4 The SPARC CPU

The SPARC design supports a full set of traps and interrupts. They are
handled by a table that supports 128 hardware and 128 software traps. Even
though floating-point instructions can execute concurrently with integer
instructions, floating-point traps are precise because the FPU supplies
(from the table) the address of the instruction that failed.



Integer Unit

The IU supports both asynchronous traps (interrupts) and synchronous
traps (error conditions and trap instructions). Traps transfer control to an
offset within the trap table. The base address of the table is specified by the
Trap Base Register and the offset is a function of the trap type. Traps are
taken before the current instruction causes any changes visible to the
programmer and can therefore be considered to occur between instructions.

Interrupts from the peripheral devices in SPARCbook 3 are controlled and
prioritized by the SLAVIO.

2.2.4 Memory protection

The SPARC design provides memory protection, essential for smooth
multi-tasking operation. Memory protection prevents user programs from
corrupting the system, other user programs, or themselves.

The IU supports a multi-tasking operating system by providing user and
supervisor modes. Some instructions are privileged and can only be
executed while the processor is in supervisor mode. Changing from user to
supervisor mode requires taking a hardware interrupt or executing a trap
instruction. This instruction execution protection ensures that user
programs cannot accidentally alter the state of the machine with respect to
its peripherals.

2.2.5 U internal registers

The IU contains working registers (or r registers) and control registers. The
r registers are used for storage by processes, and the control registers are
used to track and control the state of the IU. The r registers are within a
large register file containing one hundred and twenty 32-bit registers. Eight
of these are global registers and are always accessible to a program, while
the remaining registers are accessed through register windows. The way in
which register windows are organized is shown in Figure 2-2.

The register file contains seven register windows, and each window
contains twenty-four working registers. Each register window is divided
into three sections called ins, outs, and locals, with eight registers in each
section. Windows share ins and outs with adjacent windows. The outs of
the previous window are the ins of the current window, and the outs of the
current window are the ins of the next window. The windows form a
circular stack where the outs of the last window are the ins of the first
window.

A current window pointer (CWP) in the processor state register keeps track
of the currently active window. The CWP is decremented when a program
calls a subroutine that causes the processor to make accesses to the next

The SPARC CPU 2-5















Cache Controller and Memory Management Unit

PTP This bit, when set, indicates that a page table pointer is
contained in this entry
Page Table Field

This field can contain a PTE, PTP or I/O PTE. It can be read
and written using ASI 0x06 (25 bits).

Page Table Entry The PTE defines the physical address of a page and its access permission.
It contains the following information:

Bits 31:27  Reserved - always write 0.

Bits 26:8 PPN — Physical Page Number, which provides the upper 19
bits (30:12) of the 31-bit physical address of the page.

Bit7 Cacheable. This bit when set indicates that a page is
cacheable.

Bit6 Modified. This bit is set when the page is written to.

Bit5 Always 1 for a PTE in the TLB. For a PTE in physical

memory, this bit is set when the page is accessed.

Bits 4:2 ACC — Access Permissions. This field indicates whether
access is permitted for the transaction being attempted. The
Address Space Identifier (ASI) determines whether the an
access 1s an instruction or data access, and whether it is a
user or supervisor access.

ACC User Supervisor
000 Read Only Read Only
001 Read/Write Read/Write
010 Read/Execute Read/Execute
011 Read/Write/Execute  Read/Write/Execute
100 Execute Only Execute Only
101 Read Only Execute Only
110 No Access Read/Execute
111 No Access Read/Write/Execute

Table 2-3 Page Table Access Permissions

Bits 1:0 ET — These are set to 10 indicate an entry type of PTE.
00 = Invalid
01 = Page Table Pointer
10 = Page Table Entry
11 = Reserved in Page Tables

2-10 The SPARC CPU



Cache Controller and Memory Management Unit

Page Table Pointer The PTP contains the physical address of a page table in memory, and can
be found in the context table, or in a level 1 or 2 page table. Page tables are
loaded into the TLB during tablewalks, and are removed by tablewalks or
flushing.

Bits 31:27  Reserved — always write 0

Bits 26:4 PTP — Physical address of the next page table.
Bits 3:2 Reserved — always 00.

Bits 1:0 ET - Entry type, contains 01 to denote a PTP.

I/0 Page Table Entry The I/O PTE defines the physical address of a page and its access
permission.

Bits 31:27  Reserved — always write 0

Bits 26:8 PPN — Physical Page Number, which provides the upper 19
bits (30:12) of the 31-bit physical address of the page.

Bits 7:3 Reserved — always contains 0000
Bit 2 Writeable
0 = read only
1 = read/write
Bit1 This bit is set to 1 when the I/OPTE is valid
Bit 0 This bit is to be written as zero (WAZ) in the Memory I/O

Page Table by software.
2.4.2 Address translation

During an access by the IU, the virtual address supplied by the IU and the
contents of the context register are compared with the virtual section of all
TLB entries. When a match is found (or a “hit” occurs), the Physical section
supplies the address of a page in memory, or a pointer to a page table in
physical memory. Virtual address bits A(11:00) from the IU are passed
through unchanged to supply a byte offset. Each hit TLB entry is
automatically checked for memory protection attributes and violations are
reported to the IU as memory exceptions.

If the virtual address from the IU does not match an entry in the TLB, the
MMU automatically performs a search (or table walk) through a translation
table in main memory to obtain an address translation. The translation table
forms a tree structure in the main memory. An example of this is illustrated
in Figure 2-5.
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SBus Controller

2.8.1 Programmed I/O

Programmed 1/O transactions consist of an SBus slave cycle only, with
address translations being carried out before bus acquisition. The processor
executes loads and stores to transfer data between it and devices on the
SBus (in I/O Space). The SBus Controller performs write posting during
processor writes, allowing processing to continue while the SBus
transaction is completed. During reads, processing is stalled until the data
becomes valid at the end of the SBus transaction.

2.8.2 DVMA

A direct virtual memory access consists of a translation cycle followed by
aslave cycle. During the translation cycle, a master places a virtual address
on the SBus data bus. The SPARC’s MMU provides a translated physical
address on the SBus.

The SPARC CPU 2-15



SBus Controller

2-16 The SPARC CPU









Address Map

The map for SBus Slot 4 is as shwon in Table 3-2.

Address Range Resource Size
(Hexadecimal) (Mbytes)
78000000 7FFFFFFF MACIO 128
70000000 77FFFFFF SLAVIO 128

Table 3-2 SBus Slot 4 Memory Map

The MACIO provides processor accessible control ports for DMA related
operations, for parallel port operations, for SCSI operations and for
network interface control.

Base Address

(Hexadecimal) Port
7C800000 Parallel Port Registers
78C00000 Network Controller Registers
78800000 SCSI Registers
78400000 DMA Control and Test Registers
78000000 Internal ID Register

Table 3-3 MACIO Port Locations

The function and access sizes of these locations are discussed in the
relevant chapter for each interface.

The SLAVIO contains a number of internal devices. These are a floppy
controller (not used in SPARCbook 3), two serial controllers (SCCs),
counter/timers and an interrupt controller. The SLAVIO also supports
access to external devices via the EBus.

The internal interface devices each present an independent interface to the
host. Details of these control interfaces are provided in the relevant chapter
for each interface.

Within their assigned spaces in the SLAVIQO’s address space, the
RTC/NVRAM and Boot PROM are mapped repeatedly. In the case of the
RTC/NVRAM this means that there are 256 images.

The SLAVIO memory map is shown in Table 3-4.
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Address Map

Offset Range
(Hexadecimal)

Resource

Accessibility

1F00000
1E00000
1D00000
1C00000
1B0O000O
1A00000
1900000
1800000
1500000
1400000
1380000
1304000
1302000
1300000
1204000
1202000
1200000
1000000
0800000
0700000
0600000
0500000
0400000
0100000
0000000

1FFFFFF
1EFFFFF
1DFFFFF
1CFFFFF
1BFFFFF
1AFFFFF
19FFFFF
18FFFFF
17FFFFF
14FFFFF
13FFFFF
137FFFF
1303FFF
1301FFF
12FFFFF
1203FFF
1201FFF
11FFFFF
OFFFFFF
O7FFFFF
06FFFFF
O5FFFFF
O4FFFFF
03FFFFF
OOFFFFF

SLAVIO System Controller and Status Register
SLAVIO Interrupt Controller

SLAVIO Counter/Timers

SLAVIO Reserved

SLAVIO Modem Register

SLAVIO Diagnostic Message Register
SLAVIO Auxiliary I/O Registers
SLAVIO Configuration Registers
SLAVIO Reserved

SLAVIO Floppy Controller

Paged FLASH O/S ROM

Echoes of Audio and Auxiliary Port
Auxiliary Control/Status Port

Audio Device

Echoes of RTC/RAM and Diagnostic LEDS
RTC/RAM and Diagnostic LEDs
RTC/RAM

SLAVIO Keyboard/Mouse/Serial
Echo of Boot and O/S ROMs
O/SROM 4

O/SROM 3

O/SROM 3

O/SROM 1

Echoes of Boot ROM

Boot ROM

Word
Word
Word, Doubleword

Byte
Byte
Byte
Byte

Byte

Byte

Byte

Byte

Byte

Byte, Halfword, Word

Byte, Halfword, Word

Byte, Halfword, Word

Byte

Read Only, Byte, Halfword, Word
Read Only, Byte, Halfword, Word
Read Only, Byte, Halfword, Word
Read Only, Byte, Halfword, Word
Read Only, Byte, Halfword, Word
Read Only, Byte, Halfword, Word
Read Only, Byte, Halfword, Word

Table 3-4 SLAVIO Memory Map
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Interrupts

The interrupts in SPARCbook 3 can be considered as belonging to three
categories: SLAVIO interrupts, MACIO interrupts, and SBus interrupts.
The SLAVIO interrupts include those from the internal serial ports and
timers and the software interrupts. The MACIO interrupts include the

Ethernet, SCSI and parallel port interrupts.

Table 3-6 provides a summary of the interrupt request sources within
SPARCbook 3.

Level

Source

SLAVIO

MACIO

SBus

0 No Interrupts Pending
1 SOFTINT 1
SOFTINT 2
SOFTINT 3
SOFTINT 4
SOFTINT 5
SOFTINT 6
SOFTINT 7
SOFTINT 8
SOFTINT 9

Nolie SHEE = SR ¥ R P VS A ]

—_ =
—_ o

SOFTINT 11, Floppy

[ —
W

SOFTINT 13, Audio

SOFTINT 14, Proc Coun-
ter/Timer

SOFTINT 15

—
~

—
wn

Parallel Port
SCSI
Ethernet

SOFTINT 10, Sys Counter/Timer -

SOFTINT 12, Seria/ KBD/MSE -

Async. Hardware Errors.
User Power-Down Request

IRQ!
IRQ2

IRQ3

IRQ4

IRQ5

1IRQ6

1IRQ7
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NCRS89C105 SLAVIO Configuration Control

Bit2 D - Density Select Source (1 = 82077 density select, 0 =
82077 motor enable #2). - This bit determines which signal
drives the external density select pin (FPY_DENSEL).

Bit 1 M - Modem Ring Select. When this bit is set to 1, a low on
the MSI_IRQ_input causes a level 15 MSI interrupt. When
this bit is cleared, a transition causes a modem ring indicate
interrupt (SBus level 5). Either a low or high transition can
cause an interrupt in this mode, depending on the Edge
Select bit in the modem register. The unused input is held in
its inactive state.

Bit 0 S - SuperSPARC mode (1 = SuperSPARC, 0 =
MicroSPARC-II). This bit determines the function of several
multiplexed input pins (the NCR89C105 unsufficient pins to
support all functions concurrently). The muxed pins are
shown in Table 3-8:

Pin microSPARC Use SuperSPARC Use
ser_rtxc_b ser_rtxc_b_ emc_irq
iu_error_ iu_error_ video_irq

Table 3-8 microSPARC-1I/SuperSPARC Muxed Pins

In microSPARC-II mode, the SuperSPARC interrupts are inactive.
3.3.2 Diagnostic Messages

The Diagnostic Message Register is an 8-bit read/write register provided
for diagnostic use. Accesses to this register change the value that is stored
in it.

Figure 3-4 Diagnostic Message Register

Field definitions:

Bits 7:0 (D) - Diagnostic value. This value is read/writeable, and is
preserved across resets.
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NCRS89C105 SLAVIO Configuration Control
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SCC Registers

Register Function
RR15 External/Status interrupt information
WRO CRC initialize, mode initialization, Register Pointer
WRI1 Transmit and Receive interrupt, data transfer mode definitions
WR2 Interrupt vector (CH A and B)
WR3 Receive Parameters and controls
WR4 Transmit and receive parameters and controls
WRS5 Transmit parameters and control
WR6 Synchronization character or SDLC address field
WR7 Synchronization character or SDLC flag
WRS8 Transmit Buffer
WR9 Master Interrupt control and reset (CH A and B)
WRI10 Miscellaneous controls
WRI11 Clock mode control
WRI12 Lower byte of baud-rate time constant
WR13 Upper byte of baud-rate time constant
WR14 Miscellaneous control
WR15 External/Status interrupt control
Table 4-2 SCC Register Summary (Continued)
WRO Bits 7:6 Resets

4-4 Serial Interface

00 = Null

01 = Reset Rx CRC checker

10 = Reset Tx CRC generator

11 = Reset Tx underrun/OEM latch

Bits 5:3 Commands
000 = Null
001 = Point High (reg 8-15 select)
010 = Reset external/status interrupts
011 = Send abort (SDLC mode)
100 = Enable int on next Rx character
101 = Reset Tx interrupt pending
110 = Error reset
111 = Reset highest IUS

Bits 2:0 Register 0-7 or 8-15 select



SCC Registers

WR1

WR3 - Receive
Parameters and Control

WR4 -Transmit and
Receive Parameters
and Control

Bit 7
Bit 6
Bit 5
Bit 4:3

Bit 2
Bit 1
Bit 0

Bits 7:6

Bit 5
Bit 4
Bit 3
Bit 2
Bit 1
bit 0

Bits 7:6

Bits 5:4

Bits 3:2

Wait/DMA request enable
Wait/DMA request
Wait/DMA request on Rx/Tx

Receive interrupt control
00 = Interrupt disable
01 = Interrupt on first char or special condition
10 = Interrupt on all chars or special condition
11 = Interrupt on special condition only

Parity as special condition enable
Tx interrupt enable

External interrupt enable

Bits/character

00 = 5 bits

01 =7 bits

10 = 6 bits

11 = 8 bits
Auto enables
Enter hunt mode
Receiver CRC enable
Address search mode

Sync character load inhibit

Receiver enable

Clock mode
00=x1
01 =x16
10=x32
11 =x64

Sync Mode
00 = 8-bit sync character
01 = 16-bit sync character
10 = SDLC mode
11 = External sync mode

Stop mode
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WR5 - Transmit
Parameters and Control

WR9 - Interrupt
Control and Reset

WR10 — Miscellaneous
Controls

4-6 Serial Interface

Bit 1
Bit 0
Bit 7
Bits 6:5

Bit 4
Bit3
Bit 2
Bit 1
Bit 0

Bits 7:6

Bit 5
Bit 4
Bit3
Bit2
Bit 1
Bit 0
Bit7
Bits 6:5

SCC Registers

00 = Sync modes enabled
01 =1 stop bit/character
10 = 1.5 stop bits/character
11 = 2 stop bits/character

Parity Even/Odd

Parity enable

DTR

Bits/character
00 = 5 bits
01 =7 bits
10 = 6 bits
11 = 8 bits

Send Break
Transmitter enable
SDLC/CRC-16
RTS

Transmitter CRC enable

Reset control
00 = no reset
01 = Reset Channel B
10 = Reset Channel A
11 = Force hardware reset

Reserved (Write 0)

Status High/Tow

Master interrupt enable

Disable lower chain

No vector or interrupt acknowledge

Vector include status

CRC Preset
Mode



SCC Registers

WR11 - Clock Mode
Control

WR14 - Miscellaneous
Control

Bit4
Bit3
Bit2
Bit 1
Bit0
Bit 7
Bits 6:5

Bits 4:3

Bit2
Bits 1:0

Bit 7:5

Bit4
Bit 3
Bit 2
Bit 1
Bit 0

00=NRZ
01 =NRZI
10 = FM1
11 =FMO0

Active on poll
Mark/Flag on idle
Abort/Flag on idle
Loop mode

6-bit/8-bit Sync

RTXCb XTAL/No XTAL

Receive clock source
00 - 01 = Reserved
10 = Baud rate generator
11 = Reserved

Transmit clock source
00 - 01 = Reserved
10 = Baud rate generator
11 =Reserved

TRXC Enable (Write 0)
Not used
Clock Mode
000 = Null
001 = Enter search mode
010 = Reset missing clock
011 = Disable DPLL
100 = Clock source is BR generator
101 = Clock source is RTXCb

110 = FM mode
111 = NZRI Mode

Local loopback

Auto echo
DTRb/Request function
BR generator source

BR generator enable

Serial Interface



SCC Registers

WR15 — Bit7 Break/Abort Interrupt enable
External/Status Bit 6 Tx Underrun/EOM Interrupt enable
Interrupt Control Bit5 CTS enable

Bit4 Sync/Hunt enable

Bit3 DCD interrupt enable

Bit 2 Reserved (write 0)

Bit 1 Zero count interrupt enable

Bit 0 Reserved (write 0)
RRO - Status Bit7 Break/Abort

Bit 6 Transmit underrun/EOM

Bit 5 CTS

Bit 4 Sync/Hunt

Bit 3 DCD

Bit2 Transmit Buffer empty

Bit 1 Zero count interrupt enable

Bit 0 Receive character available
RR1 - Special Receive Bit7 End of frame
Condition Bit 6 CRC/Framing error

Bit 5 Receive overrun error

Bit 4 Parity error

Bit3 Residue Code 0

Bit 2 Residue Code 1

Bit 1 Residue Code 2

Bit 0 All sent

RR3 - Interrupt Pending  RR3 returns zero when read via channel B

Bits 7:6 00
Bit 5 Channel A Rx
Bit4 Channel A Tx
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SCC Registers

RR10 — Miscellaneous
Status

RR15 — External/Status
Interrupt Status

Bit3
Bit2
Bit 1
Bit0
Bit 7
Bit 6
Bit 4
Bit 1
Other bits 0
Bit 7
Bit6
Bit5
Bit4
Bit3
Bit 1
Other bits 0

Channel A EXT/STAT
Channel B Rx
Channel B Tx
Channel B EXT/STAT

One clock missing
Two clocks missing
Loop sending

On loop

Break/Abort interrupt enable

Tx Underrun/ECM interrupt enable
CTS interrupt enable

Sync/Hunt interrupt enable

DCD interrupt enable

Zero count interrupt enable

Serial Interface
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NCR53C9X SCSI Controller

Command Register

Address Register Access
0x78800024 Clock Conversion Register W
0x78800028 Test Mode W
0x7880002C Configuration 2 Register R/W
0x78800030 Configuration 3 Register R/W
0x78800038 Transfer Counter High Register R/W

Table 5-1 FSC Register Set (Continued)

There follows a brief description of the FSC registers. A detailed
programming description of the device is beyond the scope of this manual
and the user should refer to the bibliography at the rear of this document.

The Command Register is a double-buffered register that allows two
commands to be written to the FSC consecutively. Bit 7 controls the
enabling of DMA operations and bits 6:0 provide a command code. Within
the command code, bits 6:4 control the operating mode, of which only one
can be selected at any time.

Bit7 Enable DMA
0 = DMA Mode Disabled
1 = DMA Mode Enabled

Bit 6:4 Select Mode, see Table 5-2

An interrupt is generated if an invalid mode for the FSC is specified by bits
6:4, or if the command is not supported. Table 5-2 shows the commands
selectable using bits 6:0.
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NCR53C9X SCSI Controller

Command Register Value
Command Interrupt
7|6 |5|4(3(2 1|0
Immediate Commands
X 0 0 0 0 0 0 No operation NO
X 0 0 0 0 0 1 Flush FIFO NO
X 0 0 0 0 0 1 0 Reset 53C90A device NO
X 0 0 0 0 0 1 I Reset SCSI bus NO
Disconnect Commands
X 1 0 0 0 0 0 Reselect Sequence YES
X 1 0 0 0 0 1 Select without ATN sequence YES
X 1 0 0 0 0 1 0 Select with ATN sequence YES
X 1 0 0 0 0 1 1 Select with ATN and stop sequence YES
X I 0 0 0 I 0 0 Enable Selection / Reselection NO
X I 0 0 0 1 0 Disable Selection / Reselection YES
X I 0 0 0 1 I 0 Select with ATN3 YES
X 1 0 0 0 1 1 1 Reselect Sequence YES
Target Mode Commands
X 0 1 0 0 0 0 Send message YES
X 0 1 0 0 0 1 Send status YES
X 0 1 0 0 0 1 0 Send data YES
X 0 1 0 0 0 1 1 Disconnect sequence YES
X 0 1 0 0 I 0 0 Terminate sequence YES
X 0 1 0 0 I 0 1 Target command complete sequence YES
X 0 1 0 0 1 I 1 Disconnect NO
X 0 1 0 1 0 0 0 Receive message sequence YES
X 0 1 0 1 0 0 Receive command sequence YES
X 0 1 0 1 0 1 0 Receive data YES
X 0 I 0 I 0 I Receive command sequence YES
X 0 I 0 1 I 0 0 Target Abort DMA NO
Initiator Mode Commands
X 0 0 1 0 0 0 Transfer information YES
X 0 0 1 0 0 1 Initiator command complete sequence YES
X 0 0 1 0 0 1 0 Accept message YES
X 0 0 1 1 0 0 0 Transfer pad YES
X 0 0 1 1 0 1 0 Set ATN NO
X 0 0 1 1 0 1 1 Reset ATN NO
Table 5-2 FSC Commands
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NCR53C9X SCSI Controller

Status Register

Interrupt Status
Register

The Status register contains the device and interrupt status flags. The Status
register should always be read prior to reading the Interrupt Status register
which will cause bits to clear. The Status register contains Error, Transfer
count and SCSI phase information.

Bit 7

Bit 6

Bit5
Bit4
Bit3
Bits 2:0

Interrupt
0 = No interrupt pending
1 = Interrupt pending

Gross Error

This bit is set if the top of the FIFO is overwritten; if the top
of the command register is overwritten; if the direction of
DMA and SCSI transfer are in opposition; or if there is an
unexpected phase change in initiator role during a
synchronous data phase.

Parity Error

Terminal Count

Valid Group Code
SCSI Phase
000 = Data Out
001 = Data In
010 = Command
011 = Status

100 = Reserved
101 = Reserved
110 = Message Out
111 = Message In

This register can be used in conjunction with the Status and Sequence Step
register to determine the cause of an interrupt. It includes bits to indicate
SCSI bus reset, disconnect, bus service request, function complete and
selected states.

Bit 7
Bit 6
Bit 5
Bit 4
Bit3
Bit 2

SCSI Bus

Illegal Command
Disconnect

Bus Service
Function Complete

Reselected
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Configuration
Registers

Transfer Count
Registers

FIFO / Flags Register

Select / Reconnect
Register

Clock Conversion
Factor Register

Select / Reconnect
Timeout Register

Synchronous Transfer
Period Register

Sequence Step
Register

5-6 SCSI Controller

NCR53C9X SCSI Controller

Bit 1 Selected with ATN
Bit 0 Selected

The CON1, CON2 and CON3 registers