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Overview

1.1 Introduction

This manual describes the UltraSPARC™ Port Architecture (UPA) to SBus inter-
face chip, also called the U2SIH. The U2S is the primary connection between the
UPA port (including UltraSPARC-I processors and memory) and the 1/0 sub-

system on an UltraSPARC-based CPU board. U2S features include:

1.1.1 Features

Full master and slave port connection to the high-speed UPA
interconnect. The UPA is a split address/data, packet-
switched bus which runs up to 100 MHz in current
implementations. UPA data is ECC protected

Full master and slave SBus (IEEE P1496/Draft 2.3) with
support for up to six SBus master devices (four slots + two
onboard) and seven slave devices (four slots + three
onboard). Logically the on board devices are identical to the
SBus slots, but for electrical reasons, only four SBus
expansion slots can be used

16-entry streaming cache for accelerating SBus Direct Virtual
Memory Access (DVMA) activity

16-entry Input/Output Memory Management Unit (IOMMU)
for mapping DVMA addresses

1. In previous documentation, the U2S was code named SYSIO.
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= A “Mondo-Vector” Dispatch unit, or MDU, delivers interrupt
requests in the format of packets to the UltraSPARC-I CPU
modules

< Two SPARC V9 timer/counters with support for external
cache

= Additional features to enhance the 1/0 subsystem

1.2 U2S Executive Summary

1.2.1 Pinoutand Package

The U2S has 242 signal pins plus 65 V¢ and 65 Vp pins for a total pin count of
372. See the Pin Description and Mechanical Information sections for a complete
breakout of the signals.

1.2.2 Gate Count Estimate

The U2S uses 120K gates of random logic and 13,124 bits of SRAM.

1.2.3 Special Cell Requirements

Mixed-voltage operation: Internals and UPA 1/0 are 3.3 V, but SBus I/0 is 5-V
compatible. A 5-V reference pin is required.

= FIFOs and buffers use REGFILE cells. These are synchronous write/
asynchronous read SRAMs

= Some SBus signals require holding amps

e CLK/CLK- require a pseudo-emitter-coupled-logic (PECL) input receiver
and phase-locked loop (PLL) for this clock circuit. (Note that a 50-MHz
clock domain does not need PLL)

1.2.4 Frequency of Operation

= The UPA operation is up to 100 MHz, SBus is at a fixed 25 MHz. Most of
the internal logic runs at two times the SBus, or 50 MHz

1.2.5 Power Dissipation
= Power dissipation is less than 2.7 watts

Sun Microelectronics
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1.3 Design and Performance Goals

1. Overview

The U2S is designed to optimize data transfers between the UPA and SBus. There
are dedicated paths for programmed input/output (PIO) and DVMA requests
and replies. This avoids unnecessary arbitration for internal paths to some de-

gree.

The performance numbers in Table 1-1, “Best-Case Performance Goals,” are taken
from simulations. For PIO and consistent DMA, ten back-to-back transactions
were simulated. For streaming DMA, 128 back-to-back transactions were simulat-

ed.
Table 1-1 Best-Case Performance Goals
TS| g | me MO wie | mmd | wie | ke
(Bytes) Consistent | Consistent Streaming Streaming
1 32 bit 8.62 3.01 2.66 1.49 4.96 4.84
2 32 bit 17.24 6.02 5.32 2.98 9.83 9.45
4 32 bit 34.48 12.05 10.75 5.95 19.31 18.03
8 32 bit 51.28 2222 20.62 11.30 31.41 29.36
16 32 bit 67.80 35.40 39.60 20.62 45.76 44.10
32 32 bit - - 67.23 36.53 66.58 61.13
64 32 bit 89.39 66.12 80.40 55.36 79.94 72.44
8 64 bit 68.97 24.39 20.83 11.90 30.84 28.04
16 64 bit 83.33 43.01 40.00 22.86 50.10 4551
32 64 bit - - 76.92 41.24 88.73 70.77
64 64 bit 148.15 98.77 124.03 76.19 122.93 106.06
Note: All bandwidth numbers are in MBytes/second.
Caution: Table 1-1 lists the performance goals for the U2S. These are the

theoretical maximums the device is guaranteed not to exceed, not the minimum
or typical performance. Many factors such can compromise performance. These
factors include: system and SBus clock speeds; memory and SBus contention;
different USC implementations; thrashing in the IOMMU and/or streaming cache
due to large amounts of DVMA,; response time of slow 1/0 devices (for example
SBus PIO reads) that can’t be controlled; and software overhead.
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1.4 Partition Overview

Figure 1-1, “Typical Application Design,” illustrates the typical fit of the U2S into
the system board. The U2S connects to the UPA address and data buses with the
system controller (either the uniprocessor or multiprocessor version) providing
UPA timing and control. On the SBus side, there are seven logical SBus slots, four
of which are for expansion cards. The reset, interrupt, and clock controller (RIC)
chip, provides the interrupts in an encoded format to save U2S pins.

o g >
94t Memory
o< SIMMs
NO§5
UPA_D[143:0] /— 822 [VEm omra T
o3 - .
wn 5(/)
UPA_D1[71:0] }
UPA_A[35:0] STP(ZUZg%?GA
Uniprocessor Intrs
System D
UPA_A[35:0] Controller STP2210QFP
(RIC)
Encoded Reset/ —
Intrs Interrupt/Controller
U2S Stat usc l—
Controls ~—
STP2220BGA (U2S)
[—1 SBus Slots
UPA-to-SBus Interface
e I |
UltraSPARC J
e I |
e [— |
SBus
UPA Interface STP2000
Interface Master 1/0
STP2001
SBUS Slave 170

Figure 1-1 Typical Application Diagram
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1. Overview

1.5 U2S Overview / Block Diagram

The U2S Block Diagram, Figure 1-2, shows the major symbolic blocks in the U2S
and the general data/address flow. Section 1.6, “U2S Function Blocks Overview,”
functionally describes these blocks.

Chip Boundary

r—— - - - - - - - - - - - —-—-— — — al
| IOMMU |
| JTAG PIO Control |
DMA Control T i |
| Bus Control
| I
| I
SBus <
UPA Datel lAdgsefs Iéit:trol
Address Contrgl |
H‘L—D
| .| Ecc Merge T I |
| UPA Gen/Chec Buffer |
| Streaming Cache |
| I
| I
| . Interrupt | Instructions
| Timer/Counter Dispatch <~
Unit
| |
L — — — = |

Figure 1-2 U2S Block Diagram
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1.6 U2S Function Blocks Overview

This section briefly describes the U2S function blocks. For a more detailed de-
scription, refer to the “Functional Description” section or the individual sections
which cover the detailed implementation. All function blocks in the U2S can be
put into one of four categories:

= UPA

= SBus

< Mondo Interrupt

= Internal Control/Miscellaneous

1.6.1 UPA Interface Blocks

The UPA is a packet-switched main system bus. In an UltraSPARC-based system,
the UPA can run up to 100 MHz, for example, a 10-ns clock cycle. Data and ad-
dresses have separate flow control. Each class of the UPA cycle uses its own
FIFO-based queueing. In the U2S, this equates to a separate buffer for PIO read,
PI1O write, DMA read, and DMA write/Mondo. There is a synchronization
boundary between the UPA blocks below and the other U2S blocks. The device
runs at two times the SBus clock or 50 MHz. Control signals are two-clock syn-
chronized between the domains.

e UMS (UPA_Master/Slave): The UMS block deals exclusively with UPA
address control. It listens to the UPA_A when the U2S is a slave. It also
arbitrates for and drives UPA_A when the U2S is the master. Data is a
separate resource

= URP (UPA_Reply): The URP block deals exclusively with UPA data
control. It generates the port reply (P_REPLY) to the USC during PIO
cycles. It also listens to the system reply (S_REPLY) from the USC and
manages the UPA data FIFOs

= Error Correcting Code (ECC) Generate: Generates ECC on a 64-bit data
path

= ECC Check: Checks ECC on a 64-bit data path
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1.6.2 SBus Interface Blocks

SBM: The SBM is the main portion of the SBus interface. It performs all of
the standard SBus master and slave protocol to the six logical masters and
seven logical slaves which are supported in the U2S. The SBM controls
SBus arbitration, flow control, and error handling

IOMMU: IOMMU maps SBus virtual addresses to UPA physical addresses.
It is used during DVMA only. The IOMMU caches recently-used
translations in a translation lookaside buffer (TLB), and performs hardware
table-walks

SCache: The streaming cache (SCache) is used to accelerate SBus DVMA
activity. For DVMA reads, the SCache will prefetch sequential 64-byte
cache lines, and on DVMA writes, the SCache buffers 64-byte lines before
writing them to memory. A tight coupling with the SBM module allows
low latency for DVMA traffic that hits in the SCache

1.6.3 Mondo Interrupt

MDU (Mondo Dispatch Unit): In SPARC V9 architecture, interrupts to the
processor are sent as packets. The MDU block accepts interrupt requests
from SBus, graphics, and other sources and dispatches interrupt packets to
the UPA. These packets are treated similar to a DMA-write operation by
the UPA interface

1.6.4 Internal Control

Merge Buffer: In order to merge sub-line sized writes into a 64-byte
memory line, it is necessary to perform a read-modify-write-type operation
on the UPA. The Merge Buffer is responsible for generating the read,
modifying the appropriate bytes, and writing the data back

P10 Control: PIO Control decodes requests from the UPA_A request FIFO,
arbitrates for the appropriate slot or internal U2S resource, and dispatches
the request

Bus Control: Bus Control is an internal arbiter shared between the DMA
control and PIO Control units. It also schedules the use of internal
resources such as MUXs

DMA Control: DMA Control arbitrates and decodes requests from the
SBM, SCache, IOMMU, and Mondo, and arbitrates for the appropriate UPA
FIFO

Timer Counters: There are two identical timer counters for use in system
scheduling and profiling

JTAG Control: The JTAG TAP controller controls boundary and internal
scan functions. This implementation is compliant with IEEE Standard
1149.1
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Pin Descriptions

2

This section describes the pinout of the U2S. Pin assignments are found in the
section on Mechanical Information of the U2S Data Sheet.

2.1 1/O Driver Specifications

Table 2-1 describes the 170 cells used in the U2S.

Table 2-1 170 Cells
Driver Type 1/0 Drive 5-V Tolerant Description
(mA)
B5INO3N | - Y LVTTL input
BIEDO3N | - N PECL input buffer (for clock)
BINO2N | - N LVTTL input
BINO6N | - N LVTTL input
PINAO02N | - N LVTTL input w/ 50 KQ pullup
PINXO6N | - N LVTTL input w/ 50 KQ pulldown
B50Z10N O 8 Y Output
B50Z220Y O 12 Y Output
BON10ON O 10 N Output
BOZ24N O 24 N Output
BN02Z24N 170 24 N Bidirectional no bus-hold
BN02Z24Y 170 24 N Bidirectional no bus-hold
B5N3Z20Y 170 12 Y Bidirectional no bus-hold
B5B3Z20L 170 12 Y Bidirectional with bus-hold
B5B3Z20Y 170 12 Y Bidirectional with bus-hold

Sun Microelectronics

9



U2S User’s Manual

Note: Some of these buffers have identical functions although they have slightly
different layouts on the silicon. This is true for the B5B3Z20L/B5B3Z20Y and the
BNO02Z24N/BNO02Z24Y.

2.2 UPA Interface Signals

The signals in Table 2-2 connect from the U2S to the UPA.

Table 2-2 UPA Signals
Signal Name Pin 1/0 Driver Description
Count
UPA_DB[63:0] 64 170 BN02Z24Y or | UPA 64-bit data bus
BNO02Z24N
UPA_ECCJ7:0] 8 170 BNO02Z24N UPA ECC bits for UPA data
ECC_VLD 1 | BINO2N UPA ECC valid
UPA_A[34:0] 35 170 BNO02Z24N UPA address
UPA_AP 1 170 BN02Z24N UPA address parity (odd parity)
UPA_AV 1 170 BNO02Z24N UPA address valid
UPA_RINJ[2:0] 3 | BINO2N UPA requests in
UPA_ROUT 1 (@) BOZ24N UPA request out asserted by the U2S
UPA_CR 1 | BINO2N UPA request from the USC
UPA_ARBRST 1 | BINO2N UPA arbiter reset
UPA PRLY[4:0] | 5 o} BOZ24N UPA P_REPLY (port reply)
UPA SRLY[4:0] | 5 I BINO2N UPA S_REPLY (system reply)
UPA_DTST 1 | BINO2N Data stall
UPA_RST 1 | PINXO02N UPA reset
UPA_CLK 1 | BIEDO3N UPA system clock high (PECL)
UPA_CLK 1 | BIEDO3N UPA system clock low (PECL)
UPA Total 130
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The signals in Table 2-3 are used for Scan/JTAG.

Table 2-3 JTAG Signals

IS\:g:;I Cziunnt 1/0 Driver Description
SIO_TMS 1 PINAO2N Test mode select
SIO_TDO 1 O B50Z10N Scan data out
SIO_TDI 1 PINAO2N Scan data in
SIO_TRST 1 PINAO2N Test reset
SIO_TCLK 1 BINO2N Test clock
JTAG Total 5

2.3 SBus Interface Signals

The signals in Table 2-4 connect from the U2S to the SBus.

2. Pin Descriptions

Table 2-4 SBus Signals
Signal Name Pin 1/0 Driver Description
g Count P
SB_PA[27:0] 28 170 B5B3Z20Y SBus address bus
or
B5B3Z20L
SB_DI[31:0] 32 170 B5B3Z20Y SBus data bus
or
B5B3Z20L
SB_DP 1 170 B5B3Z20Y Parity bit for the data bus
SB_SIZ[2:0] 3 170 B5N3Z20Y Size of transaction
SB_RD 1 170 B5N3Z20Y Read / Write signal
SB_AS 1 (0] B50Z20Y Address strobe
SB_ACK]J2:0] 3 170 B5N3Z20Y Acknowledge signals
SB_LERR 1 170 B5N3Z20Y Late error
SB_SEL[6:0] 7 (0] B50Z20Y Slave slot selects
SB_CLK 1 | B5INO3Y SBus clock (input, for reference)
SB_BR[5:0] 6 | B5INO3Y SBus request lines
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Table 2-4 SBus Signals
Signal Name Pin 1/0 Driver Description
Count
SB_BG[5:0] 6 o B50Z20Y SBus grant lines
SB_RST 1 B50Z20Y SBus reset
Total SBus 91

The miscellaneous signals are shown in Table 2-5.

Table 2-5 Miscellaneous Signals
Signal Name Pin 1/0 Driver Description
Count

TMR_CLK 1 | B5INO3N Timer counter clock
INT_NUM[5:0] | 6 I B5INOGY Interrupt number
SYSIO_CLK 1 | B5INO6Y 50-MHz clock input
SLV_RST 1 | B5INO6Y STP2001 chip reset
REF_5V 1 | - 5-V reference for mixed-voltage 170
BIST_MODE 1 | PINAO2N BIST test mode enable
PM_OUT 1 O BON10ON Process monitor output
PLL_BYPASS 1 | BINO6N Bypass the PLL on UPA_CLK
UPA_CLK _OUT | 1 O BOZ24N UPA_CLK out for lab debug only
Spare 2 - - Unused pins
Total 16
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2. Pin Descriptions

2.4 Total Pin Count

The U2S package is a 372-pin BGA. The total pin count by function is shown in
Table 2-6.

Table 2-6 Total Pin Count

Interface Pin Count
UPA 130
JTAG/Scan 5
SBus 91
Miscellaneous 16
Power/Ground 130
Total pin count 372
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Functional Description 3

3.1 Functional Overview

This chapter concerns the functional description of the U2S device at the top lev-
el. Overall device design is discussed and the address/data flow is presented.
The following implementation sections contain in-depth descriptions of each sub-
block. The chapter has two major sections:

= Block diagrams of the address and data paths
= A description of each of the major design blocks within the U2S

The first few sections of the implementation section (PIO decode, DMA Control-
ler, and Bus Controller) cover examples of typical PIO and DMA cycles.

3.2 Top-Level Architectural Philosophy

When reviewing the U2S internal bus structure, note the architectural philosophy
of the device:

e There is an UPA
e There is an SBus

= The UPA and SBus are being integrated so that data goes as fast as possible
between the two busses without making the device too complicated
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3.3 Internal Bus Block Diagrams

The U2S Block Diagram illustrated in Chapter 1, “Overview” is repeated in Fig-
ure 3-1, “U2S Block Diagram.”

Chip Boundary
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| I

| I

[ . Interrupt l Instructions

| Timer/Counter Dispatch

Unit
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L — — — = |

Figure 3-1 U2S Block Diagram
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3. Functional Description

Figure 3-2, "PIO Data and Address Paths," shows the PIO data and address paths.
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MR_P Counter
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UPA Interface Internal PIO
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Figure 3-2 PIO Data and Address Paths
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Figure 3-3, "DMA Data and Address Paths," illustrates the DMA data and ad-

dress paths.

UPA Interface 41 SBus
DRQA
UPA S2U Header S2U_DA MUX 64
a1 SBus Data
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Input 64
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64 Unit
UPA Interface Internal DMA
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Figure 3-3 DMA Data and Address Paths

Sun Microelectronics
18




3. Functional Description

3.4 Block Overviews

The following sections describe the U2S control sections.

3.4.1 PIO Decoder

This block decodes requests from the U2S header request FIFO. The target of the
PI1O cycle may be either the SBus or one of the internal U2S units. For SBus, the
SBM unit will determine the transaction timing based on the response of the SBus
device. For internal units, the P1O-control and bus-control units control the tim-
ing. All P1O requests are serviced strictly in order and one at a time.

3.4.2 DMA Control

This block decodes and builds the UPA packet for requests from the SBus,
Streaming Cache, IOMMU, Mondo Dispatch Unit, and Merge Buffer. This block
also keeps a FIFO of the requests. The UPA will service U2S DMA requests in or-
der.

3.4.3 Bus Control

This is an internal arbiter shared between the DMA-control and P1O-control
units. There are not really any “busses” in the U2S, i.e., there are no tristate sig-
nals. The bus-control unit handles timing of internal U2S resources based on the
number of clocks required for each kind of transaction.

3.4.4 UPA Master/Slave (UMS)

The UMS block is the U2S’s interface to the UPA_A request bus. When the U2S is
addressed as an UPA slave (P10 requests), the UMS always writes the request
into the U2S header FIFO.

When the U2S is performing a DMA request, the UMS arbitrates for use of the
UPA_A bus and drives the request out from the S2U header FIFO.

As with the UPA reply block, the UMS runs at the UPA clock frequency, up to
100 MHz. Signals from other internal U2S blocks are two-clock synchronized by
the UMS before being used. Likewise, status and control, which is an output of
the UMS block, needs to be two-clock synchronized with two times the SBus
clock (50 MHZz) before being used.
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3.4.5 UPA Reply

The UPA reply unit manages replies to the USC device. P_Reply requests are re-
ceived from the PIO-control unit and forwarded to the USC. For PIO reads,
P_Reply indicates to the USC that the U2S has read data ready in the PIO_RD
FIFO. For PIO writes, P_Reply indicates that the U2S has removed write data
from the PIO_WR FIFO. P_Reply is not used for DMA.

S_Reply is used for both PIO and DMA cycles. For PIO reads, S_Reply indicates
that the USC is ready to read data out of the PIO_RD FIFO. For PIO writes,
S_Reply indicates that the USC is writing data into the PIO_WR FIFO. For DMA
reads, S_Reply indicates that the USC is delivering data into the DMA_RD FIFO,
and for DMA writes, S_Reply indicates that the USC is ready to read data out of
the DMA_WR FIFO.

The UPA reply unit is responsible for reading and writing the appropriate data
FIFOs and enabling the UPA data outputs if necessary. In addition, the UPA reply
unit must control the ECC check logic. When data is arriving at the U2S (related
to a PIO write or DMA read), the data is ECC checked. The UPA reply unit must
accumulate the ECC results for the entire packet, which may be between 1 and 64
bytes in length. The UPA reply unit manages a separate packet-status FIFO which
signals the PIO- and DMA-control units of error conditions.

3.4.6 ECC Generate/Check

The ECC unit is split into separate generate and check functions. ECC is always
calculated on 64 bits of data. The ECC generate logic is positioned on the “inter-
nal” side of all of the data FIFOs. (There is nhot enough time between receiving
S_Reply and providing data to generate the ECC if the logic is on the UPA side of
the FIFO.) This may also allow more flexibility in the circuit timing since the UPA
clock is faster than the internal U2S clock. In some situations, it is necessary for
the U2S to generate intentionally bad ECC with the data. Two of the ECC check
bits are inverted to provide a guaranteed uncorrectable error.

The ECC check logic will detect correctable (CE) and uncorrectable (UE) ECC er-
rors. Refer to the ECC section for the conditions for detecting and correcting er-
rors. For a correctable error, the data will be repaired before being sent to the
internal destination block. None of the internal U2S units will be aware of CE er-
rors. For both UE and CE errors, the ECC unit will generate a Mondo vector in-
terrupt to the processor.
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3.4.7 DMA Merge Buffer

The DMA Merge Buffer block is used for servicing DMA writes of less than 64
bytes (partial writes). This is required in an UltraSPARC based system because
there is no way to write cacheable memory in sub-line increments. (There are at
least two problems that force caching: the SIMMS do not have individual byte
controls and ECC is generated on 8-byte boundaries.) In order to perform a sub-
line write, the U2S must perform a UPA Read-To-Own (RTO) transaction to gain
control of the line, merge the new data into the line, and then flush the line to
memory.

To avoid the complexity of having to participate in system coherence, during a
merge the USC blocks all requests to the line in which U2S has issued an RTO un-
til the data merge is completed and the U2S has issued a write-back of the line to
memory.

The DMA Merge Buffer is not intended to be high speed for sub-line DMA writes
from the SBus, rather its purpose is to provide correct functionality to the UPA.
The SCache is used to improve SBus performance by buffering data into 64-byte
lines before flushing to memory. SCache line flushes that contain a complete 64
bytes will be able to bypass the merge buffer by doing a write invalidate on the
UPA.

3.4.8 SBM

The SBus module block implements a complete SBus master and slave interface.
The SBM implements all of the required bus controller functions for SBus: SB_BR
arbitration, SBus reset, etc. The SBM also implements the SBus time-out counter.
The SBM module runs at two times the SBus clock (50 MHz) and samples the
SBus clock to know when to generate SBus control signals. There is a synchroni-
zation boundary between the SBM and the UPA interface. The SBM supports the
IEEE P1496 specification, including the 64-bit extended-transfer modes. This al-
lows transfer sizes from 1 to 64 bytes. Data can be transferred either 32 or 64 bits
at a time.

SBM handles the timing of PI1O requests to the SBus. These are handled one at a
time. The SBM implements dynamic sizing, retries, and standard SBus functional-

ity.

DVMA cycles are more complicated. The SBM communicates with the IOMMU
and SCache modules to complete DVMA cycles on the SBus. DVMA data can be
moved from the SBus to either (a) another SBus device, (b) the SCache, or (c) the
UPA. Based on the IOMMU mapping information for the virtual address, the
SBM will treat the DVMA cycle as either a consistent or streaming access.
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Consistent accesses are sent directly to the SBus and have strict ordering con-
straints. The performance of consistent accesses is also much slower than stream-
ing accesses and DVMA pages should only be marked consistent-mode when
necessary. The SBM must also guarantee ordering between DVMA-write cycles
and Mondo vectors. There are interlocks between the SBM and MDU unit to pre-
vent an interrupt from “passing” a data transaction that occurred first.

The only SBus function that is not handled by SBM is the interrupt logic. This is
contained in the MDU unit.

3.4.9 IOMMU

The IOMMU block is used for SBus DVMA cycles. It maps 32-bit SBus virtual ad-
dresses to 41-bit UPA physical addresses. There is a 16-entry TLB to cache recent-
ly-used translations. The IOMMU can provide two levels of service when the
SBus presents a virtual address for translation:

= First, the IOMMU searches the TLB to see if the VA -> PA translation is
already available

= |If there is a miss on the TLB, the IOMMU block will perform a hardware
table-walk to get the translation. The IOMMU does this by reading from
the Translation Storage Buffer (TSB) table by issuing a DMA read to main
memory. This is only a single-level table search

3.4.10 SCache

The Streaming Cache is used to accelerate DVMA traffic from the SBus. It con-
tains a pool of 16 x 64-byte entries. These entries are tagged by virtual page num-
ber, and are managed as a fully-associative cache. Only one entry will be valid for
any given virtual page. Entries are assigned as needed by the SCache logic. An
LRU algorithm is used to assign new pages to entries when all of the entries are
valid. All 16 entries are available for read or write streams.

For DVMA writes, the SCache will buffer up data in an entry until 64 bytes have
been filled. The SCache will then flush the completed line to memory. For DVMA
reads, the SCache will try to prefetch new 64-byte lines into an entry before they
are needed by the requesting device. Note that the first access in each page will
cause an SCache miss, subsequent accesses in the same page will be prefetched.
The SCache expects that the DVMA device is accessing data in sequential and in-
creasing order. If the actual device access pattern is different the SCache will
maintain data correctness but the performance gains will not be as high.
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Data which is stored in the SCache does NOT participate in the UPA coherence

algorithm. The SCache implements a flush command to allow system software to
explicitly remove virtual pages from the SCache when a DVMA transfer is done
or when an IOMMU damp operation occurs. In order to ensure that the SCache
flush data has reached UPA memory a special synchronization register is imple-
mented.

3.4.11 Mondo Dispatch Unit

The Mondo Dispatch Unit (MDU) is the U2S’s vehicle for dispatching interrupt
packets to the UltraSPARC-I CPUs in an UltraSPARC-based system. The MDU
will generate a special type of UPA packet (a Mondo vector) with fields indicat-
ing the interrupt number of the interrupt. This block accepts interrupt requests
from SBus, graphics, and internal U2S sources and dispatches interrupt packets
to the UPA. The contents and target of the interrupt packet are controlled through
the Interrupt Number Registers (INR) within the MDU. Each INR is 16 bits, with
five of these bits indicating the Master ID (MID) of the target CPU. For simplicity,
no valid data is sent in the interrupt packet from the U2S.

There are approximately 37 external interrupt sources that can have their requests
serviced through the MDU. In order to save U2S pins, an interrupt concentrator
has been included within the RIC. The interrupt concentrator sends interrupt re-
guests to the U2S using a simple handshake. There are six lines to send the en-
coded interrupt level number and two lines for the handshake.

Once the interrupts are received from the RIC they are broken into two groups
based on the LSB of the MID target field. An optimized UltraSPARC-based sys-
tem has no more than two CPUs. Within each of these groups, the MDU performs
a priority arbitration to determine which interrupt to send to each CPU. The
Mondo interrupt packet is then sent to the target CPU using the same UPA queue
that is used for DMA writes. The Mondo interrupt packet can be either ACKed or
NACKed by the UPA. If the packet is NACKed (rejected), the CPU is already
busy servicing another Mondo. In this case, the MDU will resubmit the packet at
a later time based on a free-running programmable retry interval counter. In the
meantime, Mondo packets can still be sent to other CPUs. To simplify the design,
the U2S will only have one Mondo vector outstanding (for example, waiting for
ACK or NACK) at any time.
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3.4.12 Timer/Counters

There are two independent identical timers in the U2S. Each provides either peri-
odic interrupts or alarm-clock (callout) interrupts to a selected processor. The in-
terrupt is delivered to the target CPU using a Mondo vector.

3.4.13 Performance Counters

There are two performance counters in the U2S which monitor certain events in
the U2S. The events to monitor are programmable (see UltraSPARC reference
platform specification) and include the following: Number of streaming DVMA
reads, number of streaming DVMA writes, number of consistent DVMA reads,
number of consistent DVMA writes, number of TLB misses, number of streaming
buffer misses, number of cycles SBus is granted to DVMA, number of bytes trans-
ferred using DVMA, number of interrupts, number of interrupt NACKSs, number
of P1O reads, number of PIO writes, number of SBus reruns, and number of U2S
cycles SBus is consumed by PIO.

Each of the two counters can monitor independent events and are simply incrim-
inated each time the event occurs. The counters are cleared and can be changed to
monitor any event dynamically by software.

3.4.14 JTAG

The U2S will have JTAG scan capability on both boundary and internal flip-flops.
More details of this capability are found in Chapter 18, “Scan/Jtag.”
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Register accesses to the U2S can be in any size from one byte up to eight bytes.
Sizes and locations for the registers are given in the sections which follow. Reads
of any size up to eight bytes to any register are supported regardless of whether
reads of that size make sense. Writes of any size up to eight bytes are also sup-
ported regardless of whether writes of that size make sense. Writes of any size
may corrupt unwritten bits in the register (for example, writes may result in all
eight bytes being written regardless of the indicated write size). Software must
ensure that only the proper sized accesses are used. No hardware checking is per-
formed. Burst access to U2S registers is not permitted and will result in an error
return for reads, and silent failure for writes. Unpredictable results may also re-
sult from misaligned access, as occurs if the “E” bit isn’t set correctly in the Trans-
lation Table Entry (TTE).
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Figure 4-1 shows the rough breakdown of addresses within the U2S. The upper
four GB are used for pass through, while the lower four GB address internal reg-
isters to the U2S.

8GB Boot Device (SLAVIO)
256MB )

>— Expansion Devices

4GB

N

>— U2S Internal Registers

Figure 4-1 Breakdown of U2S Address Space

4.1 U2S Control/Status Register

Table 4-1 U2S Control Register Address

Register Physical Address Access Size
U2s control register 0x1FE.0000.0010 8 bytes
Table 4-2 U2S Control Register Definition
Field Bits Description Type
IMPL 63:60 Implementation number of U2S (0) R
VER 59:56 Revision number of this implementation (0) R
MID 55:51 UPA MID for U2S. Bits [55:51] contain 0x1F on R/W

reset. Software should set up MID before allowing
U2S to generate interrupt or DVMA. Refer to the
Port ID listed in Table 4-4

IGN 50:46 Interrupt Group Number; sets the five bits of the R/W
IGN field supplied in the first word of an interrupt
packet. Refer to “Interrupt Mapping Registers” on
page 56
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U2S Control Register Definition

4. Programming Model

Field

Bits

Description

Type

Reserved

45:5

RO

CLK_OUT_EN

4

Clock output enable. Defaults to one (the clock out-
put is enabled). Should be set to 0 by initialization
of software. Useful for checking the behavior of the
internal PLLs

RO

APCKEN

Address parity check enable. Defaults to 0 at power
up. When set, any parity error detected results in a
P_FERR reply. If clear, parity errors are still logged
(in APERR), but the transaction continues as
though the parity is correct

R/W

APERR

Incoming system address parity error. Persistent
across reset. Is set regardless of the value in
APCKEN

R/W1C

IAP

Invert UPA address parity. Reset to 0. The U2S gen-
erates odd parity when this bit is set to 0 and even
parity when set to 1

R/W

MODE

Specify the speed of the U2S clock relative to the
UPA clock. MODE =1 if the UPA clock is faster
than the U2S clock, and 0 if equal to or slower. Set
to 0 upon reset

R/W
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The design of the U2S is optimized with the assumption that the UPA is running
faster than the U2S clock. This assumption is true during normal operation of the
system. However, in the debug or bring-up stage of the system, this assumption

may not be true. The MODE bit allows the UPA to run slower than the U2S clock,
which is fixed at twice the speed of the SBus clock. Operations proceed normally
regardless of the state of this bit and are guaranteed to work with MODE set to 0.
Configuration software should set the MODE bit to one if it determines that the

UPA clock is faster than the U2S clock, which is fixed at 50 MHz in normal oper-
ation.

4.2 UPA Registers

Table 4-3 Physical Address of UPA Registers

. . Access
Register Physical Address Size

UPA port ID register 0x1FE.0000.0000 8 bytes

UPA configuration register 0x1FE.0000.0008 8 bytes

4.2.1 UPA Port ID Register

This register includes information about identification and capability of the U2S
UPA interface. This register is read-only.

Table 4-4 UPA Port ID Register

Field Bits Description Type

FCODE_ESCAPE | 63:56 | Value is OXxFC, which is the FCODE for FERR. R
Software attempts to read this register as
FCODE will be readily identifiable as errors

Reserved 55:35 | Reserved, read as 0 R

ECC NotValid 34 Indicates whether this port can generate ECC R
when sourcing data. Set to 0

ONEREAD 33 Set if the slave port can allow only one outstand- | R
ing slave read P_REQ transaction at a time. This
bitis setto 0

Reserved 32:31 | Reserved, read as 0. Would encode PINT_RDQ R

for ports implementing this feature

Sun Microelectronics
28



4. Programming Model

Table 4-4 UPA Port ID Register
Field Bits Description Type
PREQ_DQ 30:25 | Specify the size of data queue in 16-byte units. R
This field is 0x8 for the U2S which has 128 bytes
of data queue
PREQ_RQ 24:21 | Specify the size of the PREQ_RQ queue. The U2S | R
can support two pending PREQ), this field is 0x2
UPACAP 20:16 | Bit[16]: set if the port has master capability; set R
to 1.
Bit [17]: set if the port has a cache; set to 0.
Bit [18]: set if the port uses UPA_SLAVE_INT
signal; set to 0.
Bit [19]: set if the port can generate interrupt; set
to 1.
Bit [20]: set if the port can service interrupt; set to
0
JEDEC 15:00 | JEDEC identification (OXEFQ7) R

4.2.2 UPA Configuration Register

This register indicates the queue sizes for each class of UPA request. Please refer
to the system controller (SC) for the description of classes. The U2S only uses one
request class for its transfer. The depth of queue supported by the USC for the

U2S is two, therefore the SCIQO field should be programmed with 0x2. The initial
value after reset is Ox1.

Table 4-5 UPA Configuration Register
Field Bits Description Type
Reserved 63:8 Reserved, read as 0, and write has no effect. R
SCIQ1 7:4 Unused, read as 0, and write has no effect. RO
SCIQO0 3:0 Size of input request queue for one master class R/W
in the USC. Software should set it to 0x2 during
initialization.[*]

1. Software must ensure that NO DMA is taking place when this field is changed. Once set, the value
may not be reduced; it can only be increased.
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4.3 ECC Registers

For information on which of the interrupt vectors these errors are reporting see
Table 4-40, “INO Assignments."

Table 4-6 Physical Address of ECC Registersl!]

Register Physical Address Access Size
ECC control register 0x1FE.0000.0020 8 bytes
Reserved 0x1FE.0000.0028 8 bytes
UE AFSR 0x1FE.0000.0030 8 bytes
UE AFAR 0x1FE.0000.0038 8 bytes
CE AFSR 0x1FE.0000.0040 8 bytes
CE AFAR 0x1FE.0000.0048 8 bytes

1. Note: UE, CE, AFSR, and AFAR will be defined in the following tables.

4.3.1 ECC Control Register

This register controls enable/disable of ECC checking and generation of ECC er-
ror-related interrupts. All bits are 0 upon reset.

Table 4-7 ECC Control Register
Field Bits Description Type
ECC_EN 63 Enables ECC checking. ECC generation is always R/W
enabled.
UE_INTEN | 62 Enable interrupt generation on uncorrectable error R/W
(UE).
CE_INTEN | 61 Enables interrupt on correctable ECC errors (CE). R/W
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Table 4-8, “ECC Error Reporting,” shows how the ECC_EN and UE_INTEN/
CE_INTEN controls the ECC checking and error handling in the U2S.

Table 4-8 ECC Error Reporting

ECC_EN INTEN Description

0 X No ECC checking and reporting, every UPA transaction proceeds
as if there is no ECC error. Data flows through from UPA to SBus.

1 0 ECC checking will be done, but no interrupt will be sent on ECC
error. UE on PIO write will not be performed on SBus, UE on
DVMA read will return SBus error acknowledgment.

Error is logged in AFSR/AFAR but no interrupt is generated.
Software should clear error status before enabling interrupt.

1 1 U2S send interrupt on ECC error. UE on PIO write will not be
performed on SBus, UE on DVMA read will return SBus error
acknowledgment. The error is logged in the AFSR/ZAFAR.

4.3.2 Uncorrectable Error Asynchronous Fault Status/Address Register
(UE AFSR/AFAR)

Any uncorrectable ECC error detected by the UPA interface of the U2S will log
the error in the UE AFSR/AFAR. Uncorrectable errors can happen during PIO
write, DVMA read, or DVMA partial write. Two sets of status bits are defined in
this register. Bits [63:61] are the primary error status and bits [60:58] are the sec-
ondary status. Only one of the primary error status can be set at any time. Prima-
ry error status can be set only when:

= none of the primary error conditions exists prior to this error, or

= the new error detected at the same time software is clearing the primary
error; the same time means on coincident clock cycles. Setting takes
precedence over clearing

Secondary bits are set whenever a primary bit is set (only one primary bit can be
set at a time). The secondary bits are cumulative and always indicate that infor-
mation has been lost as no address information has been captured. Setting of the
primary error bits is independent.

The AFAR and bits [47:37] of AFSR log address and status of the primary UE.
Further UE will not be logged into these bits until software clears the primary er-
ror, which makes the AFAR and part of the AFSR available to log new error. An
interrupt is generated whenever the AFAR logs the new error address, if the in-
terrupt is enabled.
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Table 4-9 UE AFSR
Field Bits Description Type

P_PIO 63 Set if primary UE is caused by P10 access. R/W1C

P_DRD 62 Set if primary UE is caused by SBus DVMA R/W1C
read.

P_DWR 61 Set if primary UE is caused by SBus DVMA R/W1C
write.

S_PIO 60 Set if secondary UE is caused by PIO access. R/W1C

S_DRD 59 Set if secondary UE is caused by SBus DVMA R/W1C
read.

S_DWR 58 Set if secondary UE is caused by SBus DVMA R/W1C
write.

Reserved 57:48 Reserved, read as 0 R

DW_OFFSET 47:45 Offset of double-word containing ECCerrorin | R
64-byte block, relative to PA modulo 64 bytes.

SIZE 44:42 | Size of failed primary transfer is 25'Z€ bytes.1 | R

UPA_MID 41:37 UPA MID that caused the error transaction. R

Reserved 36:00 Reserved, read as 0 R

1. Inthe event that byte merging occurs at the processor (the E bit is incorrectly set), such that the
byte enables are not meaningful, the size returned in this field is unpredictable. The size may
not reflect the actual DVMA transfer size on the SBus if the primary error is caused by a DVMA

access.

Table 4-10 UE AFAR
Field Bits Description Type
Reserved 63:41 Reserved, read as 0 R
UE_PA 40:00 Physical address of error transaction R
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4.3.3 Correctable Error Asynchronous Fault Status/Address Register

(CE AFSR/AFAR)

The U2S logs the correctable ECC error in the CE AFSR/AFAR. Correctable errors
can happen during PIO write, DVMA read, or DVMA partial write. Two sets of
status bits are defined in this register. Bits [63:61] are the primary error status and
bits [60:58] are the secondary error status. Only one of the primary error status
can be set at any time. Primary error status can be set only when

= none of the primary error condition exists prior to this error, or

= anew error detected at the same time software is clearing the primary
error; the same time means on coincident clock cycles. Setting takes
precedence over clearing

Secondary bits are set whenever a primary bit is set (only one primary bit can be
set at a time). The secondary bits are cumulative and always indicate that infor-
mation has been lost as no address information has been captured. Setting of the
primary error bits is independent.

The AFAR and bits [55:37] of the AFSR log address and status of the primary CE.
Further CE will not be logged into these bits until software clears the primary er-
ror, which makes the AFAR and part of the AFSR available to log a new error. An
interrupt is generated whenever the AFAR logs the new error address, if the in-
terrupt is enabled.

Table 4-11 CE AFSR

Field Bits Description Type
P_PIO 63 Set if primary CE is caused by PIO access R/W1C
P_DRD 62 Set if primary CE is caused by SBus DVMA R/W1C
read

P_DWR 61 Set if primary CE is caused by SBus DVMA R/W1C
write

S _PIO 60 Set if secondary CE is caused by P10 access R/W1C

S_DRD 59 Set if secondary CE is caused by SBus DVMA R/W1C
read

S_DWR 58 Set if secondary CE is caused by SBus DVMA R/W1C
write

Reserved 57:56 Reserved, read as 0 R

E_SYND 55:48 CE syndrome bits R
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Table 4-11 CE AFSR

Field Bits Description Type

DW_OFFSET | 47:45 Offset of double-word containing ECC errorin | R
64-byte block, relative to PA modulo 64 bytes

sizell 44:42 | Size of failed primary transfer is 25'2F bytes R
UPA_MID 41:37 UPA MID that caused the error transaction R
Reserved 36:00 Reserved, read as 0 R

1. In the event that byte merging occurs at the processor (the E bit is incorrectly set), such that the
byte enables are not meaningful, the size returned in this field is unpredictable. The size may not
reflect the actual DVMA transfer size on the SBus if the primary error is caused by a DVMA
access.

Table 4-12 CE AFAR

Field Bits Description Type
Reserved 63:41 Reserved, read as 0 R
UE_PA 40:00 Physical address of error transaction R

4.4 SBus Module

The SBus Module contains the registers which control SBus operations. One SBus
Slot Configuration Register (SSCR) exists per slot and contains information spe-
cific to a SBus slot. The SBus Control Register contains information that is com-
mon to all SBus slots supported by the U2S. All slots, except slot 15, support
master capability.

Table 4-13 Physical Address of SBus Registers

Register Physical Address Access Size
SBus control register 0x1FE.0000.2000 8 bytes
Reserved 0x1FE.0000.2008 8 bytes
SBus AFSR 0x1FE.0000.2010 8 bytes
SBus AFAR 0x1FE.0000.2018 8 bytes
SBus Slot 0 configuration register 0x1FE.0000.2020 8 bytes
SBus Slot 1 configuration register 0x1FE.0000.2028 8 bytes
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4,
Table 4-13 Physical Address of SBus Registers
Register Physical Address Access Size
SBus Slot 2 configuration register 0x1FE.0000.2030 8 bytes
SBus Slot 3 configuration register 0x1FE.0000.2038 8 bytes
SBus Slot 13 configuration register[] 0x1FE.0000.2040 8 bytes
SBus Slot 14 configuration register (11 0x1FE.0000.2048 8 bytes
SBus Slot 15 configuration register (11 0x1FE.0000.2050 8 bytes
1. While listed as general SBus slots, these are strictly reserved for on board 10 devices. The assignment
is implementation specific. On the UltraSPARC system, the ordering is as follows: slot 13 is audio
(APC), slot 14 is either Macio or FEPS, and slot 15 is Slavio.
4.4.1 SBus Control Register
Table 4-14 SBus Control Register
Field Bits Description Type
IMPL 63:60 Implementation number of host adapter. R
This field is hardwired to 0x0
REV 59:56 Revision number for this design; initially 0 R
Reserved 55:54 Read as 0 R
DMA_PERRJ[5:0] 53:48 Set when DVMA wrrite parity error is R/W1C
detected from SBus slot. Bits [3:0] correspond
to SBus slots 3 through 0, respectively. Bit5
corresponds to slot 14 and bit 4 to slot 13
Reserved 47 Read as 0 R
PIO_PERR][6:0] 46:40 Set when P10 load parity error occurs. These | R/ZW1C
errors result in bad ECC delivered to the pro-
cessor, so system software should check here
to determine whether the bad ECC comes
from a data path error or a logical (P10 load
parity). See description below
Reserved 39:11 Reserved. Read as 0 R
FAST_SBUS 10 Used to shorten the PIO access latency. See R/W
the description below. Reset to 0
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Table 4-14 SBus Control Register

Field Bits Description Type

WAKEUP_EN 9 Power management wakeup enable control; R/W
1 for power management wakeup enabled, 0
for disabled. Reset to 0

ERRINT_EN 8 Enable SBus error interrupt, reset to 0. This is R/W
only for errors reported in the SBus AFSR

Reserved 7:6 Reserved R

ARB_EN[5:0] 5:0 SBus DVMA arbitration enable. Reset to 0x0. R/W
See the description below for bit assignments

IMPL

IMPL is the implementation number of this host adapter for the UltraSPARC-I
reference platform. This is the first implementation of an UltraSPARC adapter.

REV

REV is the revision number for the design.

DMA_PERR[5:0]

DMA_PERR bits are associated with SBus master requests, both on-board and ex-
pansion. They are set whenever the U2S detects a DVMA write parity error from
an associated master. These bits are write-1-to-clear. The bit assignments are list-
ed below.

- DMA_PERR[3:0]: SBus slot 3-0
- DMA_PERR[4]: APC
- DMA_PERR[5]: MACIO

Note: DMA writes to the slot configuration registers which result in a parity
error do not set the DMA_PERR for that slot. Instead, SB_LERR will be generated
to the master, and no logging takes place. Writes with bad parity, whether to
memory or UPA devices, result in a bad ECC being written to the target and are
logged with these bits.
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PIO_PERR[6:0]

PIO_PERR is set when a PIO load parity error occurs. These errors result in a bad
ECC delivered to the processor, so system software should check here to deter-
mine whether the bad ECC comes from a data path error or a logical PIO load
parity. These bits are write-1-to-clear. The bit assignments are listed below.

- PIO_PERR[3:0]: SBus slot 3-0
- PIO_PERR[4]: APC

- PIO_PERR[5]: MACIO

- PIO_PERR[6]: SLAVIO

FAST_SBUS

The FAST_SBUS bit controls the access latency for PIOs to the SBus. To expedite
the transfer, the acknowledgment to the UPA (P_REPLY) is delivered to the UPA
before the data is available. Normally, data will be available before the S_REPLY
is delivered by the USC to the U2S. This bit should be set to one except for the
cases where the UPA clock frequency is slower than the U2S clock frequency. This
bit has been included for debug purposes. So long as the SBus clock is running at
25 MHz, this bit can be set to one, even with a maximume-rate (10 ns cycle time)
UPA clock.

WAKEUP_EN

WAKEUP_EN is used by system software when putting various parts of the sys-
tem to sleep. When set to 1, any attempt by an enabled SBus device (ones with
ARB_EN set to 1) to arbitrate for the SBus will result in an interrupt packet being
delivered to a target for the purpose of waking up the system. See the section
concerning interrupts for more details. Arbitration for SBus devices is inhibited
as long as this bit is set: in other words, with WAKEUP_EN set to one, the system
behaves as though ARB_EN/[5:0] is set to zero.

Additionally, this bit enables a divide by 1000 prescaler for the system timer/
counters thereby changing them from incrementing once per microsecond to once
per millisecond.

ERRINT_EN

ERRINT_EN enables interrupt generation on SBus errors when set to one. Inter-
rupts are disabled when set to 0. Power-up state is zero.
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ARB_EN

ARB_EN enables DVMA arbitration for SBus slots 3-0, audio (APC), and the MA-
CIO/SLAVIO. If set to zero, the bus request from the slot will be ignored by the
SBus arbiter. Assignment of enables is as shown below:

0-3 => SBUS slots 0 through 3

4 => APC (audio)

5 => MACIO/SLAVIO

4.4.2 SBus Asynchronous Fault Status/Address Registers

The SBus AFSR/AFAR record error information related to PIO read/write to
SBus slave devices. Only asynchronous errors reported through interrupt are re-
corded in these registers. Asynchronous errors include errors triggered by any
PI1O write to SBus devices, PIO read, and SBus late error.

Two sets of status bits are defined in this register. Bits [63:61] are the primary er-
ror status and bits [60:58] are the secondary error status. Only one of the primary
error status can be set at any time. Primary error status can be set only when

= none of the primary error conditions exist prior to this error, or

= anew error is detected at the same time software is clearing the primary
error

Secondary bits are set whenever a primary bit is set (only one primary bit can be
set at a time). The secondary bits are cumulative and always indicate that infor-
mation has been lost as no address information has been captured. Setting of the
primary error bits is independent.

The AFAR and bits [47:37] of AFSR log address and status of the primary SBus
PIO error. Further SBus PIO errors will not be logged into these bits until soft-
ware clears the primary error, which makes the AFAR and part of the AFSR avail-
able to log a new error. An interrupt is generated whenever the AFAR logs the
new error address. Bits below S_BERR have no meaning if no primary or second-
ary error is set.
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Table 4-15 SBus AFSR
Field Bits Description Type
P LE 63 Set if the primary error detected is a late P1O error R/W1C
P_TO 62 Set if the primary error detected is a SBus time-out (P1O wait) R/W1C
P_BERR 61 Set if the primary error detected is a SBus error ack (P1O wait) R/W1C
S LE 60 Set if the secondary error detected is a late PI1O error R/W1C
S TO 59 Set if secondary error detected is a SBus time-out (P10 wait) R/W1C
S BERR 58 Set if the secondary error detected is a SBus error ack (PIO wait) R/W1C
Reserved 57:48 Reserved, read as 0 R
RD 47 1 = primary error is caused by PIO late read R
0 = primary error is caused by P1O write
Reserved 46:45 Reserved, read as 0 R
SIZE 44:42 Size of failed primary transfer is 25'ZE bytes. R
MID 41:37 UPA MID that caused error transaction R
Reserved 36:00 Reserved, read as 0 R
Table 4-16 SBus AFAR
Field Bits Description Type
Reserved 63:41 Reserved, read as 0 R
PA 40:00 Physical address of error transaction R
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4.4.3 SBus Slot Configuration Register (SSCR)

All information in the SSCR is accessible by PIO read/write. Part of the informa-

tion is accessible by the corresponding slot DVMA master through SBus virtual

address 0x4000.0000 when a “BY” bit in the register is set. The “BY” bit can be set

only by the host processor. Bits [31:00] are readable by the slot DVMA master.

Only bits [26:15] are writable from slot DVMA master. All bits in this register are

reset to 0.
Table 4-17 SBus Slot Configuration Register (per Slot)
Field Bits Description Type

Reserved 63:27 Reserved bits, read as 0 R
SEGA[40:30] 26:16 Segment address; provides PA[40:30] when bypass mode is used R/W
CP 15 Bypass mode access is cacheable R/W
ETM 14 This slot slave interface supports extended transfer mode R/W
PE 13 Enable SBus parity checking; generation is always enabled R/W
Reserved 12:5 Reserved, read as 0 R
BA64 4 This slot slave interface supports 64-byte burst transfers R/W
BA32 3 This slot slave interface supports 32-byte burst transfers R/W
BA16 2 This slot slave interface supports 16-byte burst transfers R/W
BA8 1 This slot slave interface supports 8-byte burst transfers R/W
BY 0 I0MMU bypass mode enabled R/W

Caution: Do not set BA8 through BAG64 if a device is incapable of responding to

that size access. For example, the SLAVIO will not operate correctly if any of

these bits are set.
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Table 4-18 Physical Address of IOMMU Registers

. . Access
Register Physical Address Size

IOMMU control register 0x1FE.0000.2400 8 bytes

TSB base address register 0x1FE.0000.2408 8 bytes

IOMMU flush register 0x1FE.0000.2410 8 bytes

SBus virtual address diagnostic 0x1FE.0000.4400 8 bytes

register

TLB tag compare diagnostics 0x1FE.0000.4408 8 bytes

IOMMU LRU queue diagnostics 0x1FE.0000.4500 — 8 bytes
0x1FE.0000.457F

TLB tag diagnostics 0x1FE.0000.4580 — 8 bytes
0x1FE.0000.45FF

TLB data RAM diagnostics 0x1FE.0000.4600 — 8 bytes
0x1FE.0000.46FF

4. Programming Model
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4.5.1 IOMMU Control Register

The IOMMU Control Register provides means to enable and disable the diagnos-
tic mode, translation storage buffer (TSB) size, and page size. It also contains
some revision-control information.

Note: This register physically resides in the SBus module, so it will not provide
synchronization with any other IOMMU register. Similarly, on writes to this
register, the software will need to either read this register or another in the SBus
module to guarantee write completion.

Table 4-19 IOMMU Control Register

Field Bits Description Type
IMPL 63:60 IOMMU implementation number, hardwired to 0 R
REV 59:56 IOMMU revision number of current implementation: | R

0 for first revision

Reserved 55:19 Reserved, read as 0 R
TSB_SIZE 18:16 TSB table size measured in the number of 8-byte R/W
entries:
0=1K, 1=2K, 2=4K, 3=8K, 4=16K, 5=32K, 6=64K,
7=128K
Reserved 15:3 Reserved, read as 0 R
TBW SIZEM | 2 Assumed page size during TSB lookup: R/W
0 = 8K page
1 = 64K page
MMU_DE 1 Diagnostic mode enable, when set it enables the diag- | R/W
nostic mode. See description of TLB tag diagnostics
MMU_EN 0 IOMMU enable bit, when set, it enables the transla- R/W
tion

1. If DVMA mappings are always 8K pages, or mixed 8K and 64K pages, set this bit to 0 so that the index is
constructed for 8K lookup. If all DVMA mappings are to 64K pages, set this bit to 1 so that the index is based
on 64K pages. When this bit is 0’ a 64K mapping should be placed in all eight TSB entries in which itis
indexed.
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Address space size and base address are controlled by TSB_SIZE and TBW_SIZE
as shown in Table 4-20. For reference, the TTE format has been included.

Table 4-20 Address Space Size and Base Address Determination
TBW_SIZE == TBW_SIZE ==
TSB_SIZE VA Space VA Base VA Space VA Base
Size Address!!] LECR Size Address!!] TSB_Index

0 8 MB 0xFF80.0000 VA[22:13] 64 MB 0xFC00.0000 VA[25:16]
1 16 MB 0xFF00.0000 VA[23:13] 128 MB 0xF800.0000 VA[26:16]
2 32 MB 0xFE00.0000 VA[24:13] 256 MB 0xF0000000 VA[27:16]
3 64 MB 0xFC00.0000 VA[25:13] 512 MB 0xE000.0000 VA[28:16]
4 128 MB 0xF800.0000 VA[26:13] 1GB 0xC000.0000 VA[29:16]
5 256 MB 0xF000.0000 VA[27:13] 2GB 0x8000.0000 VA[30:16]
6 512 MB 0xE000.0000 VA[28:13] 4GB 0x0000.0000 VA[31:16]
7 1GB 0xC000.0000 VA[29:13] Not allowed - -

1. Software should use the value shown. It has been chosen to clearly eliminate aliasing. No hardware checks are performed to

preventaliasing.
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4.5.2 IOMMU Translation Table Entry (TTE)

Table 4-21 IOMMU Translation Table Entry (TTE)
Bits Field Use
[63] DATA_V Valid: Indicates that this TTE is valid
[62] Reserved Read as 0
[61] DATA_SIZE Page Size: 0 == 8 KB, 1 == 64 KB
[60] STREAM If set, the page is streamable
[59] LOCAL_BUS If set, the access is to the same bus segment
[58:51] DATA_SOFT_2 Assigned for software use
[50:N] Reserved Room for growth, variable physical address size
[N-1:13] DATA_PA[N-1:13] Physical page number
[12:7] DATA_SOFT Assigned for software use
[6:5] Reserved Read as 0
[4] CACHEABLE 1 == access to cacheable space
0 == access to noncachable space
[3:2] Reserved Read as 0
[1] DATA_W Writable page. Attempts to write to a page with
this bit 0 will result in an error ack
[0] Reserved Read as 0
While software should replace “x” with “0” for legal codes, hardware will inter-
pret combinations of Stream, Local_Bus, and cacheable as follows:
Table 4-22
Stream Local_Bus Cacheable Meaning
X 1 X Access to slave on same 1/0 bus segment
0 0 0 Non-cacheable access to system
0 0 1 Consistent-mode cacheable access to sys-
tem memory
1 0 X Streaming mode cacheable access to systen
memory
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The physical address of DVMA transaction is generated based on the value of the
MMU_EN of the U2S control register, “BY” bit of the SBus slot configuration reg-
ister, and SBus virtual address (VA) bits [31:30]. Table 4-23 shows the various
modes of IOMMU.

Table 4-23 IOMMU Modes of Operation

MMU_EN | BY VA[31:30] Mode

X 1 00 Bypass

X 1 01 Slot configuration register access
1 1 1X Translation

0 1 1X Pass-through

0 0 XX Pass-through

1 0 XX Translation

In the bypass mode, the physical address is formed by concatenating SE-
GA[40:30] of the SBus slot configuration register with SBus virtual addresses
[29:00]. In pass-through mode, the physical address is formed by appending 9 or
10 bits of zero onto bits 31:0 or 30:0 of the SBus VA. In pass-through mode, ac-
cesses are only to memory space and are performed only in consistent mode. The
access is considered cacheable, and coherent operation will be generated to UPA.
In translation mode, the physical address is obtained by performing a VA-to-PA
translation through TLB.The SBus slot configuration register can be accessed di-
rectly by the SBus master through VA[31:30] = 01, while the bypass enable bit, BY,
is set to one.
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4.5.3 TSB Base Address Register

The TSB Base Address Register contains the pointer to the first-entry of the TSB
table. Together with part of the virtual address, it uniquely identifies the address
where hardware should fetch the TTE from the TSB table. The TSB table has to be
aligned on an 8 K boundary. The lower order 13 bits are assumed to be 0x0 dur-
ing TSB table lookup. Tables larger than 8 Kbytes are only constrained to be on 8
K boundaries rather than having to be size aligned.

Table 4-24 TSB Base Address Register

Field Bits Description Type
Reserved 63:41 Reserved, read as 0 R
TSB_BASE | 40:13 Upper 28 bits of the SBus TSBs physical address R/W
Reserved 12:0 Reserved, read as 0 R
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4.5.4 Flush Address Register
The Flush Address Register is a write-only pseudo-register to allow software to
perform an address-based flush of a mapping from the TLB. The data written to
this address contains the page number to be flushed. A TLB entry with matched
page number will be invalidated.
Table 4-25 Flush Address Register
Field Bits Description Type
Reserved 63:32 Reserved, write has no effect W
FLUSH_VPN 31:13 31:16 = virtual page number if 64K page; W
bits 15:13 are don’t care
31:13 = virtual page number if 8K page
Reserved 12:0 Reserved, write has no effect W

On any cycle, an entry may be looked up in the TLB either by the flush hardware
or the DVMA hardware. Simultaneous flush and use cannot occur. Devices at-
tempting to use an entry which software flushes will either get the entry before
the flush if the request beats the flush, or will find the entry missing from the TLB
and will perform a hardware table-walk. Software should invalidate the entry
from the TSB before issuing the flush.

Note: Completion of any read to the IOMMU (except the IOMMU control
register) within the U2S guarantees that the flush transaction has completed.
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4.5.5 TLB Tag Diagnostics Access

The TLB Tag Diagnostics Access provides a diagnostics path to the 16-entry TLB
tag when the MMU_DE bit in the IOMMU control register is turned on.

Table 4-26 TLB Tag Diagnostics Access

Field Bits Description Type
Reserved 63:22 Reserved, read as 0 R
W 21 Writable bit, when set, the page mapped by the TLB has write | R/W
permission granted
S 20 Stream bit, 1 = page is streamable, R/W
0 = page is not streamable
SIZE 19 Page size,0=8Kand 1 =64 K R/W
VPN 18:0 VPNI[31:13] R/W

Note: Diagnostic accesses should ensure that multiple match conditions are not
generated. The result of multiple matches is unpredictable.

4.5.6 TLB Data RAM Diagnostic Access

The TLB Data RAM Diagnostics Access provides direct P1O accesses to 16 entries
of TLB data RAM. The MMU_DE bit in the IOMMU control register must be
turned on to perform the accesses. Table 4-27 shows the information included in
the returned data.

Table 4-27 TLB Data RAM Diagnostics Access

Field Bits Description Type
Reserved 63:31 Reserved, read as 0 R
\% 30 Valid bit, when set, the TLB data field is meaningful R/W
L 29 Local_Bus to indicate the direction of DVMA transfer. R/W
1 = access local to the U2S (intra SBus-to-SBus transfer),
0 = non-local access (DVMA to memory or the UPA)
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Table 4-27 TLB Data RAM Diagnostics Access

Field Bits Description Type

C 28 Cacheable bit. 1 = Cacheable access, 0 = Non-cacheable R/W
Access type is strictly determined by this bit, not by PA[40]

PA[40:13] 27:0 28-bit physical page number R/W

4.5.7 LRU Queue Diagnostic Access

The LRU Queue Diagnostic Access can be directly accessed by PI1O read for diag-
nostic purposes. The MMU_DE bit in the IOMMU control register must be set to
perform direct access. There are 16 entries in the LRU queue. Each entry contains
a unique value range from 0x0 to OxF. Entry 0 contains the pointer to a TLB entry
which is least recently used, and entry 15 contains the pointer to a TLB entry that
is most recently used.

Table 4-28 LRU Entry Diagnostics Access

Field Bits Description Type
Reserved 63:4 Reserved, read as 0 R
LRU_DO 3:0 LRU entry selected R
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4.5.8 SBus Virtual Address Diagnostic Register

This register is used to set up the virtual address for the TLB compare diagnostic.
The virtual address is written to this register and the compare results from TLB
can be read.

Table 4-29 SBus Virtual Address Register

Field Bits Description Type
Reserved 63:32 Reserved, read as 0 R
SBUS_VPN 31:13 SBus virtual page number R/W
Reserved 12:00 Reserved, read as 0 R

4.5.9 TLB Tag Compare Diagnostic Access

Table 4-30 TLB Tag Comparator Diagnostics Access

Field Bits Description Type
Reserved 63:16 Reserved, read as zeros R
COMP 15:0 TLB tag comparator output for each entry. R

Note: The TLB Tag Comparator Diagnostics Access provides a diagnostics path
to the 16-entry TLB Tag Comparator when the MMU_DE bit in the IOMMU
Control Register is turned on. Bit 0 represents the comparison result of the first
TLB Tag entry, and bit 15 represents the last.

In order to avoid invalid address translation after TLB diagnostics, the valid bits
in the TLB should be reset appropriately before doing any meaningful address
translation. Diagnostics write to read-only space or read from write-only space
will be ignored.
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4.6 Streaming Cache Registers

This section describes the registers associated with the streaming cache. This
block inside the U2S is used for speeding up DMA transfers which are less than
64 bytes in size by providing read-ahead and write-behind buffering of data.
Streaming DMA enters the coherence domain at a different time than consistent
transfers with reads leaving the coherent space earlier and writes entering the co-
herent space later.

Note: While the streaming cache is a separate block inside the U2S, its
Streaming Cache Control Register logically resides in the SBus module. This
means that an access designed to assure write completion should either access a
streaming cache register or one in the SBus module.

Table 4-31 Physical Address of Streaming Cache Registers

Register Physical Address Access Size

Streaming Cache control register 0x1FE.0000.2800 8 bytes

Streaming Cache page flush/invalidate regis- 0x1FE.0000.2808 8 bytes

ter

Streaming Cache flush synchronization register | 0x1FE.0000.2810 8 bytes

Streaming Cache data RAM diagnostic 0x1FE.0000.5000 — 8 bytes
0x1FE.0000.53FF

Streaming Cache error status diagnostics 0x1FE.0000.5400 — 8 bytes
0x1FE.0000.57FF

Streaming Cache page tag diagnostics 0x1FE.0000.5800 — 8 bytes
0x1FE.0000.587F

Streaming Cache line tag diagnostics 0x1FE.0000.5900 — 8 bytes
0x1FE.0000.597F

The streaming cache performs all operations on 8 KB pages. Transfers larger than
8 KB, even though they may be mapped with a single IOMMU entry, require
eight flush operations.

Sun Microelectronics
51



U2S User’s Manual

4.6.1 Streaming Cache Control Register

This register controls the various functions of the streaming cache.

Table 4-32 Streaming Cache General Control Register

Field Bits Description Type
IMPL 63:60 Implementation number of this host adapter R
REV 59:56 Revision number for this design R
DE 01 Diagnostic mode enable. Set to 1 to enable diag- R/W

nostic mode access. This bit is reset to 0
SB_EN 00 Streaming cache enable/disable. Setto 1 to enable | R/W

the streaming cache. This bit is reset to 0

4.6.2 Streaming Cache Page Invalidate/Flush Register

This is a write-only pseudo register. It provides a means for software to cause an
entry in the streaming cache with a matching tag to become invalidated/flushed.
The data written to this address contains the virtual page number to be used for
match comparison. The flush/invalidation is based on an 8K page size.

Table 4-33 Streaming Cache Page Invalidate/Flush Register

Field Bits Description Type
FLUSH_A 31:13 8K virtual page to be invalidated/flushed W
Reserved 12:0 These bits are ignored W
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4.6.3 Streaming Cache Flush Synchronization Register

The Flush Synchronization Register enables software to determine when flush
data has entered the coherent memory domain. Data written to this register con-
tains the physical address of the flush flag. Writing to this register triggers the
U2S to set the flush flag to (0x1), when it has completed all in-progress flush op-
erations. The low order two bits of the FLAG_PA address is ignored. See
Chapter 14, “Streaming Cache,” for a further description of the synchronization.

Note: Properly functioning hardware MUST set the flush flag within 0.5
seconds. Software may use this value as a time-out to protect against catastrophic
failure.

Table 4-34 Streaming Cache Flush Sychronization Register

Field Bits Description Type
FLAG_PA 40:02 Word aligned physical address for synchronization update W
Reserved 01:00 This bit is ignored W

The FLAG_PA must point to a valid CACHEABLE address. No hardware check-
ing is done to ensure this and hardware will generate a cacheable transaction re-
gardless of the address. If the address is non-cacheable, the error would be
logged in the USC using the SYSIO_Status Register (IAddr bit).
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4.6.4 Streaming Cache Page Tag Diagnostic Access

The Page Tags are directly accessible through PIO access. This can be done only
when the DE bit of the Stream Cache Control Register is set to one.

Table 4-35 Streaming Cache Page Tag Format

Field Bits Description Type

PTPA 48:21 Physical page number (as an 8K page) R/W
PTVA 20:02 Virtual page number (as an 8K page) R/W
PTVD 01 Valid bit for page R/W
PTRD 00 Read/Write bit for page R/W

Caution: Valid bits on all entries should be reset to 0 after finishing diagnostics
of the page tag.

4.6.5 Streaming Cache Line Tag Diagnostic Access

The line tag contains information related to the line in the streaming cache. This
information can be directly accessed when the streaming cache is in the diagnos-
tic mode, and the DE bit is set in the Stream Cache Control Register.

Table 4-36 Streaming Cache Line Tag Format

Field Bits Description Type
LTSP 20:15 Start pointer for dirty data portion of the cache R/W
LTLA 14:08 Line offset address for this entry within an 8K page. | R/W

Corresponds to VA[12:6] from the SBus access. The

VPN is stored in the page tag array
LTEP 07:02 End pointer (+1) for dirty data portion R/W
LTVD 01 Valid bit for line R/W
LTFH 00 Fetch outstanding/flush necessary bit R/W

The LTEP field should be set to 0 if the page is readable. If writable, this field
should be set to one greater than the end byte address of the dirty data chunk in
the data RAM (modulo buffer size of 64 bytes).

Caution: Valid bits on all entries should be reset to 0 after finishing diagnostics
of the line tag.
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4.6.6 Streaming Cache Data RAM Diagnostic Access

Note: For data and error status accesses, bits 9:6 of the address select the cache
number and bits 5:3 select the 8-byte entry (or 1-bit error status) within the cache.

There are sixteen 64-byte entries in the streaming cache. Physical address bits 9:6
select the entry number and bits 5:3 select the 8-byte quantity to access in the en-

try.

Table 4-37 Streaming Cache Data RAM Content Format

Field Bits Description Type

DRDA 63:00 Data R/W

4.6.7 Streaming Cache Error Status Diagnostic Access

Each entry of the streaming cache has eight error bits associated with it. Each er-
ror bit represents the error status of eight bytes of data. These bits are only visible
to software during the diagnostic mode. Each error bit is accessed individually.

Table 4-38 Streaming Cache Data RAM Error Format

Field Bits Description Type

DRER 00 UPA read reply error bit R/W
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4.7 Interrupt State Registers

All interrupt registers are accessed as 64-bit words. Writing to an unused data
field has no effect. Unspecified data bits are read back with 0. Table 4-39, Table
4-41, and Table 4-45 respectively list the addresses of the interrupt state registers:
one for interrupt mapping registers, one for clear interrupt registers, and one for

diagnostic interrupt registers.

4.7.1 Interrupt Mapping Registers

Table 4-39 Physical Address of Interrupt Mapping Registers

Register Physical Address ASC::;:S
SBus slot 0 interrupt mapping register 0x1FE.0000.2C00 8 bytes
SBus slot 1 interrupt mapping register 0x1FE.0000.2C08 8 bytes
SBus slot 2 interrupt mapping register 0x1FE.0000.2C10 8 bytes
SBus slot 3 interrupt mapping register 0x1FE.0000.2C18 8 bytes
SCSI interrupt mapping register 0x1FE.0000.3000 8 bytes
Ethernet interrupt mapping register 0x1FE.0000.3008 8 bytes
Parallel port interrupt mapping register 0x1FE.0000.3010 8 bytes
Audio interrupt mapping register 0x1FE.0000.3018 8 bytes
Power fail interrupt mapping register 0x1FE.0000.3020 8 bytes
Keyboard/mouse/serial interrupt mapping register 0x1FE.0000.3028 8 bytes
Floppy interrupt mapping register 0x1FE.0000.3030 8 bytes
Thermal warning interrupt mapping register 0x1FE.0000.3038 8 bytes
Keyboard interrupt mapping register [*] 0x1FE.0000.3040 8 bytes
Mouse interrupt mapping register 0x1FE.0000.3048 8 bytes
Serial interrupt mapping register 0x1FE.0000.3050 8 bytes
Timer 0 interrupt mapping register 0x1FE.0000.3060 8 bytes
Timer 1 interrupt mapping register 0x1FE.0000.3068 8 bytes
UE interrupt mapping register 0x1FE.0000.3070 8 bytes
CE interrupt mapping register 0x1FE.0000.3078 8 bytes
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Table 4-39 Physical Address of Interrupt Mapping Registers

. . Access

Register Physical Address Size

SBus error interrupt mapping register 0x1FE.0000.3080 8 bytes

Power management walk-up interrupt mapping register 0x1FE.0000.3088 8 bytes

UPA expansion (graphics) interrupt mapping register 0x1FE.0000.3090 and | 8 bytes
0x1FE.0000.6000[%

Reserved interrupt mapping register 0x1FE.0000.3098 and | 8 bytes
0xLFE.0000.8000 [?]

1. The keyboard, mouse, and serial interrupts are defined for future devices which do not combine all of the

interrupts into one.

2. Accesses to either of these addresses behave identically; in other words, the registers are double mapped.

Interrupts delivered to the processor by the U2S have the format shown in the
following illustration:

63 11 10 0
word 0: 0 INR
word 1: 0
word 2: 0
Figure 4-2 Interrupt Format Delivered to the Processor

INR is an 11-bit interrupt number which indicates the cause of the interrupt.
Where possible, the interrupt is precise (i.e., it points to only one interrupt
source). This permits the dispatch of the proper interrupt service routine without
any register polling. Bits 11 through 63 of the first word are guaranteed to be 0 for
all U2S-generated interrupts. Software can use this knowledge to distinguish
these interrupts from others such as cross-calls. Words 1 and 2 are guaranteed to
be 0.

To conform to the format shown above, interrupt mapping registers are supplied
to specify those bits of the INR which are not hard coded. The two formats of

mapping registers are shown below. For the partial format, the lower six bits are
not writable and return the appropriate INO when read. In the case of the SBus
interrupts, the INO returned is 0. The value of IGN comes from the U2S Control
Register. See Table 4-2, “U2S Control Register Definition,” on page 26 for details.
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Note: All U2S internal interrupts and SBus interrupts use the partial format.
The full format is only used by the graphics interrupts.

63 31 30 26 25 11 10 0
Partial | Reserved |V| TID | Reserved | IGN INO |
63 31 30 26 25 11 10 0
Full | Reserved |V| TID | Reserved | INR |

Figure 4-3 Interrupt Format of Word 0

Graphics interrupts have a different format. They are full because the U2S is act-
ing only as the interrupt concentrator for the graphics interrupt. Logically, the in-
terrupt and its associated state reside in the graphics device. Only the mapping
register exists in the U2S. Having full access to the INR enables software to pro-
vide consistency in programming the upper bits for various devices. For example,
software might put the PortID of a device in these upper bits. Since the graphics
device is a different port than the U2S, the value can be programmed indepen-
dently.

V (RW)

Valid bit: When set to 0, valid bit inhibits the dispatch of the interrupt to the pro-
cessor. It does not affect state. In other words, an interrupt in the transmit state
will stay there as long as valid is 0 without sending the interrupt. As soon as val-
id is set to 1, the interrupt will be delivered. Interrupts in the pending state can
still be forced back to idle by writing the interrupt-pending register regardless of
the state of valid. The power-up state of this bit is 0.

TID (RW)

Target ID: Target ID is the UPA Port ID (PID) of the target which is to receive the
interrupt.

IGN (R)

Interrupt Group Number: The IGN bit is not writable through the mapping regis-
ters, and instead, is set in the U2S Control Register.

INO (R)

Interrupt Number Offset: For the on-board input/output (OBIO) devices and error
interrupts, the INO field is as specified in Table 4-40, “INO Assignments,” on
page 59.
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Table 4-40 INO Assignments

INO Interrupt Source
000nnn SBus slot 0 (nnn = level 1 through 7)
001nnn SBus slot 1 (nnn = level 1 through 7)
010nnn SBus slot 2 (nnn = level 1 through 7)
011lnnn SBus slot 3 (nnn = level 1 through 7)
100000 SCsI
100001 Ethernet
100010 Parallel port
100100 Audio (APC)
100101 Power failure
101000 Keyboard and serial ports
101001 Floppy
101010 Thermal warning
101011 Keyboard (reserved)]
101100 Mouse (reserved)!!]
101101 Serial (reserved)[]
110000 Timer/Counter 0
110001 Timer/Counter 1
110100 UE
110101 CE
110110 SBus asynchronous error
110111 Power management wakeup
111111 Reserved

1. These interrupt numbers are reserved for a future implementation in which

the keyboard, mouse, and serial interrupts are not wired together.

4. Programming Model

Note:

interrupt vector, SBus interrupts are still precise.

For the SBus interrupts, there is only one mapping register per bus.
However, because the interrupt level is part of the value delivered in the

INR (RW)
Interrupt Number: The full field is programmable for the on-board graphics and
UPA slave slot interrupts.

Sun Microelectronics
59



U2S User’s Manual

4.7.2 Clear Interrupt Registers

The clear Interrupt Pseudo Registers are shown in Table 4-41.

Table 4-41 Physical Address of Clear Interrupt Pseudo Registers

Register Physical Address Agf;js
SBus slot 0 clear interrupt register 0x1FE.0000.3408 - 38 8 bytes
SBus slot 1 clear interrupt register 0x1FE.0000.3448 - 78 8 bytes
SBus slot 2 clear interrupt register 0x1FE.0000.3488 — b8 8 bytes
SBus slot 3 clear interrupt register 0x1FE.0000.34c8 — f8 8 bytes
SCSI clear interrupt register 0x1FE.0000.3800 8 bytes
Ethernet clear interrupt register 0x1FE.0000.3808 8 bytes
Parallel port clear interrupt register 0x1FE.0000.3810 8 bytes
Audio clear interrupt register 0x1FE.0000.3818 8 bytes
Powver fail clear interrupt register 0x1FE.0000.3820 8 bytes
Keyboard/mouse/serial clear interrupt register 0x1FE.0000.3828 8 bytes
Floppy clear interrupt register 0x1FE.0000.3830 8 bytes
Thermal warning clear interrupt register 0x1FE.0000.3838 8 bytes
Keyboard clear interrupt register 0x1FE.0000.3840 8 bytes
Mouse clear interrupt register 0x1FE.0000.3848 8 bytes
Serial clear interrupt register 0x1FE.0000.3850 8 bytes
Timer O clear interrupt register 0x1FE.0000.3860 8 bytes
Timer 1 clear interrupt register 0x1FE.0000.3868 8 bytes
UE clear interrupt register 0x1FE.0000.3870 8 bytes
CE clear interrupt register 0x1FE.0000.3878 8 bytes
SBus asynchronous error clear interrupt register 0x1FE.0000.3880 8 bytes
Power management wakeup clear interrupt register 0x1FE.0000.3888 8 bytes
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One register exists per interrupt source. The lower two bits of the data word writ-
ten to this register specify the type of operation as shown in Table 4-42, “Clear In-
terrupt Pseudo Register." All other bits should be written as 0 to guarantee future
compatibility. Reads of these registers return 0.

Table 4-42 Clear Interrupt Pseudo Register

Data Value Description
0x0 Transition the state machine from any state to idle
0x1 Transition from any state to transmit
0x2 Reserved
0x3 Transition the state machine from any state to pending

Note: Interrupts can be forced by writing, 0x1, to the clear interrupt pseudo
register. To determine the interrupt state, use the interrupt state diagnostic
registers.
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4.7.3 Interrupt Retry Timer Register

Table 4-43 Physical Address of Interrupt Retry Timer Registers

Register Physical Address Access Size

Interrupt retry register 0x1FE.0000.2C20 8 bytes

After an interrupt packet receives a NACK from the USC, the U2S will wait for a
certain number of clocks and reissue again. This register controls the number of
clocks the interrupt dispatch unit should wait before reissuing the interrupt pack-
et. The count specified by this register is not precise: it is a free-running counter
which the logic samples. It must roll through 0 twice before the packet is retried.

Table 4-44 Interrupt Retry Timer Register

Field Bits Description Type

LIMIT 7:0 Limit - the retry interval R/W

Note: The retry timer provides a maximum of (255 + 256) clocks of delay before
reissuing the interrupt to the UPA. The maximum delay is approximately 10 psec
using the internal U2S clock for a reference source (5.1 psec per iteration through
the counter with a worst case of nearly two complete cycles counting to 0). The
minimum delay is (LIMIT + 1) clock cycles.
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4.7.4 Interrupt State Diagnostic Registers

Table 4-45 Physical Address of Interrupt State Diagnostic Registers

Register Physical Address AC.CESS Type
Size
SBus interrupt state diagnostic regis- | 0x1FE.0000.4800 8 bytes R
ter
OBIO and miscellaneous interrupt 0x1FE.0000.4808 8 bytes R
state diagnostic register

Each interrupt input has a state register associated with it. This state register can
be either of type “level” or “pulse.”

In the level-sensitive case, three states are present: idle, transmit, and pending.
Idle represents the state where no interrupts are reported. Transmit indicates that
an interrupt has been detected and should be delivered to the processor if the
valid bit is set for the mapping register. Pending is the state when the interrupt
has been delivered to the processor and subsequent interrupt conditions are fil-
tered (ignored) until software pushes the state machine back to idle.

In the pulse case, two states are present: idle and transmit. Transmit has the same
meaning as for the level-sensitive case. No pending state is present so the state
machine transitions from transmit back to idle.

The interrupt dispatch unit uses information in these registers to control the dis-
patching of interrupts. Diagnostic access is provided to allow software to read the
state of each interrupt source. The clear interrupt registers provide individual
write paths to the interrupt sources. Please read the Interrupt section for a more
detailed description about interrupt dispatching and state transition. The mean-
ing of the state bits and their layout are shown in Table 4-46, “Interrupt State
Meaning.". For the case of the SBus Interrupt Diagnostic registers, the formula for
computing the location of the interrupt state is given by:

Int_State(slot m, level n) is at location (16m + 2n + 1):(16m + 2n)
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Table 4-46 Interrupt State Meaning

Field Description

INT_STATE[1:0] 00 - Idle state; no interrupt received or pending

01 - Transmit state; interrupt is received but not dispatched
11 - Pending state; interrupt is received and dispatched

10 - lllegal state

Definitions of the registers are shown in a general way in Table 4-47. See the for-
mula above for specific bit positions. As an example, the bit position for SBus slot
1, level 2 is [21:20].

Table 4-47 SBus Internal Diagnostic Register Definition

Bits Description
1.0 Reserved
15:2 SBus slot 0 level 1-7
17:16 Reserved
31:18 SBus slot 1 level 1-7
33:32 Reserved
47:34 SBus slot 2 level 1-7
49:48 Reserved
63:50 SBus slot 3 level 1-7

Table 4-48 OBIO and Miscellaneous Internal Diagnostic Register Definition

Bits Description
1.0 SCSI internal state
3:2 Ethernet internal state
5:4 Parallel port internal state
7:6 Audio internal state
9:8 Power fail internal state
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Table 4-48 OBIO and Miscellaneous Internal Diagnostic Register Definition
Bits Description
11:10 Keyboard/mouse/serial internal state
13:12 Floppy internal state
15:14 Thermal warning internal state
17:16 Keyboard internal state
19:18 Mouse internal state
21:20 Serial internal state
23:22 Timer 0 Internal state
25:24 Timer 1 internal state
27:26 UE internal state
29:28 CE internal state
31:30 SBus error internal state
33:32 Power management wakeup internal state
34 Reserved internal state
35 Expansion UPA internal state
63:36 Reserved (return 0 on read)
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4.8 Counter/Timer Registers

Table 4-49 Physical Address of Counter/Timer Registers
Register Physical Address Access Size
Timer/Counter 0 count register 0x1FE.0000.3C00 8 bytes
Timer/Counter 0 limit register 0x1FE.0000.3C08 8 bytes
Timer/Counter 1 count register 0x1FE.0000.3C10 8 bytes
Timer/Counter 1 limit register 0x1FE.0000.3C18 8 bytes
Note: The WAKEUP_EN bit in the SBus Control register results in an increment

once every 1000 clocks rather than once per clock.

4.8.1 Count Registers

Table 4-50 Count Register
Field Bits Description Type
Reserved 63:29 Reserved, read as 0 R
Count 28:0 Value to preset counter on write, and cur- R/W
rent count value on read

Each Count Register provides the means to load the timer with a preset value on
write, and return the current value of the timer on read. Count Register incre-

ments once per microsecond.
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4,
4.8.2 Limit Registers
Table 4-51 Limit Register
Field Bits Description Type

Reserved 63:32 Reserved, read as 0 R

INT_EN 31 Enable interrupt from this timer. Reset to 0 at R/W
power-up

Reload 30 Writes to the LIMIT register with this bit set W
causes the counter to restart at 0x0. Read as 0

Periodic 29 When set, causes the counter to reset to 0x0 R/W
when LIMIT is reached

Limit 28:0 Counter interrupt comparison value R/W

Each Limit Register provides the means to enable and disable the interrupt, re-
loading the counter, setting periodic interrupt, and setting LIMIT for a counter

time-out comparison.
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4.9 Performance Monitor Registers

Table 4-52 Physical Address of Performance Monitor Registers
Register Physical Address Access Size
Performance monitor control register 0x1FE.0000.0100 8 bytes
Performance counter register 0x1FE.0000.0108 8 bytes

In order to gather useful statistics on the performance of the U2S, a pair of regis-
ters provide counts of key events. There are only two counters present, and the

control register selects the input for each of the counters.

4.9.1 Performance Monitor Control Register

This register controls the events to be monitored by the Performance Counter
Register. The event counters in the Performance Counter Register will be reset

when the respective CLR[0,1] bits are written with a 1.

Table 4-53 Performance Monitor Control Register
Field Bits Description Type

Reserved 63:16 Reserved, read as 0 R

CLR1 15 Clears the counter indicated by SEL1 W

Reserved 14:12 Reserved, read as 0 R

SEL1 11:8 Select event source for counter 1. Selected source | R/W
counter is cleared when the CLR1 field is written

CLRO 7 Clears the counter indicated by SELO w

Reserved 6:4 Reserved, read as 0 R

SELO 3.0 Select event source for counter 0. Selected source | R/W
counter is cleared when the CLRO field is written
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Table 4-54 defines the code to select monitored events in the U2S.

Table 4-54 Performance Counter Event Sources

SELO, SEL1 Event Sources

0x0 Number of streaming DVMA read transfers

0x1 Number of streaming DVMA write transfers

0x2 Number of consistent DVMA read transfers

0x3 Number of consistent DVMA write transfers

0x4 Number of TLB misses

0x5 Number of streaming buffer read misses

0x6 Number of SBus cycles. SBus is granted to DVMA

0x7 Number of bytes transferred using DVMA

0x8 Number of interrupts

0x9 Number of interrupt NACK on UPA

OxA Number of P10 read transfers

0xB Number of P10 write transfers

0xC Number of SBus reruns

0xD Number of SBus cycles. SBus is consumed by PIO

OXE-OxF Reserved. Counter value is undefined when these sources are chosen
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4.9.2 Performance Counter Register

This is a 64-bit read-only register. Value read back contains the counts of two
events selected by the Performance Monitor Control Register. The two counters
operate independently. Values for both counters are sampled on the same cycle.
When the counter reaches its maximum count, it will wrap around to 0x0 and
continue counting. Software needs to detect and handle the overflow condition.

Table 4-55 Performance Counter Register

Field Bits Description Type
CNTO[31:0] 63:32 Contains value for event counter 0 R
CNT1[31:0] 31:00 Contains value for event counter 1 R
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This chapter describes the PIO Decoder which decodes PIO Requests from the
UPA and notifies the bus controller of the destination.

5.1 Definition of Terms

Prefixes to Signal Names
= U2S - UPA to SBus buses (address and data)
= S2U - SBus to UPA buses (address and data)
< DCC - Merge Buffer (was DMA Cache)
< MDU - Mondo Dispatch Unit
e MMU - IOMMU
= SBM - SBus Module
e STC - Streaming Cache

Example of Signal Names
e U2S PA - UPA to SBus PIO Address bus
= U2S _PD - UPA to SBus PIO Data bus
< U2S DA - UPA to SBus DMA Address bus
= U2S_DD - UPA to SBus DMA Data bus

Signals which are active low end in “_”, such as T0O_RDY _.
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5.2 Functional Description

The PIO Decoder decodes UPA packets. The address is decoded to determine the

target for the PIO Read or Write. This information is sent to the Bus Controller.
The size is decoded through the transaction type and the byte enables.

PIO to internal U2S blocks will always be 8 bytes. PIO to SBus can be 1, 2, 4, 8, 16,

or 64 bytes.

5.2.1 PIO Transaction Flow

This section describes the flow of an 8 byte PIO request and reply through the

U2S. See Figure 5-1 for each step (each clock/action is labeled by a number with-
in a circle). An 8 byte PIO request involves 1 cycle on the data busses. For multi-

ple cycle PIO requests to the SBus, See Chapter 7, “Bus Controller,” for more

details.
U2S Header
PIO U2S_PA 64 @
] Decoder >
Destination
@ > Address Strobe :
Request Ready
@ "| Bus cTL
D Destination
Block
P10 RD FIFO
64 S2U_PD
o
PIO WR FIFO
64 64 U2s_PD ‘
64 g

Figure 5-1 PIO Transaction Flow
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P10 Transaction Flow (each clock cycle is identified by a number):
Clock cycle 1 - A PIO Read or Write request enters the U2S Header FIFO.

Clock cycle 2 - The UPA Packet is decoded; the size is determined; the
destination is determined. In parallel, the request signal is passing through
the asynchronous boundary.

Clock cycle 3a - The Bus Controller sees the request, the type, size, and
destination of the transaction.

Clock cycle 3b - The Bus Controller asserts address strobe to the
destination block.

Clock cycle 3c - The Bus Controller freezes the U2S_PA bus with the
address, type, and size of the transaction.

Clock cycle 3d - For PIO Writes, the Bus Controller also freezes the first
cycle of data on the U2S_PD bus.

Clock cycle 4a - When the block has completed the PIO request, it notifies
the Bus Controller via a ready signal. For PIO Writes, the ready signal
indicates that the block has taken the data.

Clock cycle 4b - For PIO Reads, the ready signal indicates that the block is
driving the S2U_PD bus with the PIO Read data. The Bus Controller clocks
the data into the UPA PIO Read Fifo.

Clock cycle 4c - The Bus Controller notifies the UPA that the PIO
transaction is complete. This allows the UPA to advance the fifo and begin
processing the next request.

Clock cycle 4d - The Bus Controller routes the request to the P_REPLY
block.

Note: Only one PIO transaction is processed at a time in the U2S. For PIO
Writes the data could have an ECC Uncorrectable Error. In this case, the Bus
Controller simply clocks the data out of the data FIFO without transferring the
data to the target block.
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5.2.2 Byte Enables

All valid byte enable combinations are decoded. All PIO accesses must be
aligned. That is, 2 byte accesses must have byte enables aligned on two-byte
boundaries, 4 byte accesses must have byte enables aligned on four-byte bound-
aries, etc. Only 1,2,4,8,16, and 64 byte requests are allowed. Invalid byte enables
cause usr_fe_ to be asserted, which in turn causes P_RERR to be sent as the
P_REPLY. The byte enables also are decoded to determine the size of the PIO ac-
cess, and are used to calculate u2s_pa[3:0] and encode usr_sz.

5.2.3 Size Encoding

The following table specifies the encoding of usr_sz.

Table 5-1 Size Encoding

Size (Bytes) usr_sz[2:0]
1 000
2 001
4 010
8 011
16 100
64 101

5.2.4 Valid Transactions

The following table lists all the transactions that are decoded to be valid.

Table 5-2 Valid Slave Transactions
Transaction Description
P_NCRD_REQ Non-cached Read Request (1,2,4,8,16 Bytes)
P_NCBRD_REQ Non-cached Block Read Request (64 Bytes)
P_NCWR_REQ Non-cached Write Request (1,2,4,8,16 Bytes)
P_NCBWR_REQ Non-cached Block Write Request (64 Bytes)

All other transactions are considered invalid and P_RERR is returned as the
P_REPLY.
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5.2.5 Other Errors

A parity error from the UPA header will cause P_FERR is returned as the
P_REPLY.

Only 8 byte PIO accesses are allowed to internal registers. Non 8 byte PIO access-
es to internal registers will be treated as an invalid transaction. And an access to
an invalid address will also be treated as an invalid transaction.
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This chapter describes the DMA Controller which schedules and keeps track of
all outstanding DMA requests.

6.1 Definition of Terms

Prefixes to Signal Names
= U2S - UPA to SBus buses (address and data)
= S2U - SBus to UPA buses (address and data)
< DCC - Merge Buffer (was DMA Cache)
< MDU - Mondo Dispatch Unit
e MMU - IOMMU
= SBM - SBus Module
e STC - Streaming Cache

Example of Signal Names
e U2S PA - UPA to SBus PIO Address bus
= U2S _PD - UPA to SBus PIO Data bus
< U2S DA - UPA to SBus DMA Address bus
= U2S_DD - UPA to SBus DMA Data bus

Signals which are active low end in “_”, such as T0O_RDY _.
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6.2 Overview

The DMA Controller is responsible for keeping track of all DMA read and write
requests that come in from any requesting source in the U2S destined for the
UPA. These sources include the SBus Module, the Streaming Cache, the Mondo
Dispatch Unit (Interrupts are considered as DMA Writes), and the IOMMU.

6.2.1 DMA Controller Overview

The DMA Controller is composed of three subblocks: the DMA Request Encoder,
the DMA Reply Controller, and the DMA Scoreboard.

The DMA Request Encoder builds the UPA header packet for all sources that
make DMA (or Interrupt) requests and inserts the transaction into the DMA
Scoreboard.

The DMA Reply Controller has two main functions:
1. Retiring the DMA request from the scoreboard; and,

2. Participating in the internal arbitration sequence to deliver the data back to
the requesting block for DMA read replies.

The DMA Scoreboard’s main function is to keep a record of all outstanding DMA
transactions to the UPA. Note that table walks from the IOMMU are considered
to be a DMA Read.

The other block that is heavily involved with DMA traffic is the merge buffer.
Briefly, the merge buffer is necessary for cache coherent writes to main memory
that are of less than 64 bytes. Since transfers to memory are defined only in 64
bytes, a smaller transfer (1, 2, 4, 8, 16, or 32 bytes) from SBus must be merged
with existing data and written out as a 64 byte block. This requires a 64 byte
block to be read from memory and merged with the new data, (see Chapter 11,
“DMA Merge Buffer,” for a full discussion).
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6.2.2 DMA Transaction Flow

This section describes the flow of a DMA request and reply through the DMA
Controller. Refer to figures for each step (each clock/action is labeled by a num-
ber within a circle). Note that the U2S only uses one class (class 0) for all its trans-
actions; the other class is not used.

The following discussion uses a simplified signal handshake protocol between
the requesting DMA source and the Bus Controller, (for more details see
Chapter 7, “Bus Controller™).

The following discussion concerns only the address flow.

6.2.2.1 DMA Write to 10 Space

S2U Header . Requesting Source
-2 o | twon g ©
Packet

< SBM
DMA Scoreboard @ Streaming
Cache
@ U2S_DA 5 IOMMU
S_REPLY v |
:IE DMA Request BUS |le_Request @ Mondo Unit
RPL 1, Grant ARB/ | Grant .
@ CTL CTL Reply
Merge
Buffer
CTL

Figure 6-1 DMA Write to 10 Space (Address only)

DMA Write to 10 space (each clock cycle is identified by a number):

Note: The SBM is the only block which will access 10 space.

= Clock cycle 1 - The SBM raises a request for a transfer. It indicates a write
with the C bit clear. The Bus Controller begins arbitration

e Clock cycle 2a - The SBM wins arbitration
e Clock cycle 2b - The SBM drives the address bus (and data busses)
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Clock cycle 3 - The UPA header is formed. When accessing 10 Space, there
are 2 cases: 1) if the write size is 1, 2, 4, 8, 16, or 64 bytes, then the write is
directly translated into a single UPA write; 2) if the write size is 32 bytes, it
is broken up into two individual 16 byte writes, since 32 byte transfers are
not supported on UPA. Note that for reads, regardless of size, it is sent out
as a 64 byte read, with the extra data ignored

Clock cycle 4a - The Request is entered in the DMA scoreboard. If the write
is broken down into two 16 Byte writes, then the second write will be
entered into the DMA Scoreboard next cycle

Clock cycle 4b - The Request is sent to the UPA interface. If the write is
broken down into two 16 Byte writes, the second write will be sent to the
UPA interface next cycle

Clock cycle 5 - For writes, S_REPLY indicates that the data has been taken
Clock cycle 6 - The DMA Reply Controller is informed of the reply. It
extracts the transaction from the scoreboard

6.2.2.2 DMA Read Request

S2U Header

(1T

S _REPLY

110
®

Requesting Source
BUIld e S2U_DA 42
UPA
)
SBM
v
DMA Scoreboard @ Streaming
Cache
U25_DA 5, | 1omMmu
[ DMA ® Request f;;/ Request (1) |Mondo Unit
"l RPL
ot e Grant CTL Grant ;
Reply
Merge
Buffer
CTL

Figure 6-2 DMA Read Request to Memory (Address Only)

DMA Read Request to Memory or 10 Space (each clock cycle is identified by
a number):

Note: The SBM is the only block which will access 10 space.

Clock cycle 1 - The block raises a request for a transfer. It indicates a read.
The Bus Controller begins arbitration.
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Clock cycle 2a - The block wins arbitration.

Clock cycle 2b - The block drives the address bus.

Clock cycle 3 - The UPA header is formed. For DMA reads, regardless of
size, it is sent out as a 64 byte read, with the extra data ignored upon
return.

Clock cycle 4a - The Request is entered in the DMA Scoreboard.

Clock cycle 4b - The Request is sent to the UPA interface.

Clock cycle 5 - For reads, S_REPLY indicates that the data has arrived.

Clock cycle 6 - The DMA Reply Controller is informed of the reply. It raises
a request to return the data. The Bus Controller begins arbitration.

Clock cycle 7a - The DMA Controller wins arbitration.
Clock cycle 7b - The DMA Reply Controller extracts the transaction from

the scoreboard. If the read was from the Streaming Cache, the DMA
Controller sends a tag back.

The data can be transferred in this cycle as well. Extra data is clocked out of the
UPA Read FIFOs by the Bus Controller.

6.2.2.3 64 Byte DMA Write Request to Memory

S2U Header

$2U DA Requesting Source
Build |¢ - 42

1T

S_REPLY

®

:I:I:I:I DMA Request BUS |, Request @ Mondo Unit
RPL Grant ARB/ | Grant (3

UPA
J Packet< SBM

DMA Scoreboard Streaming
Cache
@ U2S_DA 5 IOMMU

CTL
CTL ™ reply

Merge
Buffer
CTL

Figure 6-3 64 Byte DMA Write Request to Memory
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64 Byte DMA Write Request to Memory or Interrupt Packet (each clock cycle
is identified by a number):

Clock cycle 1 - The block raises a request for a transfer. It indicates a 64
byte write with the C bit set. The Bus Controller begins arbitration.

Clock cycle 2a - The block wins arbitration.
Clock cycle 2b - The block drives the address bus (and data busses).

Clock cycle 3 - The UPA header is formed. 64 Byte writes bypass the merge
buffer, and are sent out to the UPA as a Write-Invalidate.

Clock cycle 4a - The Request is entered in the DMA Scoreboard.
Clock cycle 4b - The Request is sent to the UPA interface.
Clock cycle 5 - For writes, S_REPLY indicates that the data has been taken.

Clock cycle 6 - The DMA Reply Controller is informed of the reply. It
extracts the transaction from the scoreboard.

6.2.2.4 Lessthan 64 Byte DMA Write to Memory
Requesting Source
S2U Header -
« Build S2U_DA 42
11T~ i
Packet SBM
v Streaming
DMA Scoreboard Cache
I0MMU
U2S_DA 5
S_REPLY ! "| Mondo Unit
:IE | pmA Request Request @ ondo &t
RPL
@ CTL Grant BUS Grant R
ARB/ | Reply
Merge CTL
suffer | ®  Request |
cTL : @ Grant

Figure

6-4 Less than 64 Byte DMA Write to Memory
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Less than 64 Byte DMA Write Request to Memory (each clock cycle is
identified by a number):

Clock cycle 1 - The block raises a request for a transfer. It indicates a less
than 64 byte write with the C bit set. The Bus Controller begins arbitration.

Clock cycle 2a - The block wins arbitration.

Clock cycle 2b - The block drives the address bus (and data buses).

Clock cycle 3a - The UPA header is formed. The UPA Encoder block
recognizes that it is a less than 64 byte write to memory, so it forms a Read-
to-Own transaction for the Merge Buffer.

Clock cycle 3b - The write is also sent to the Merge Buffer.

Clock cycle 4a - The Read-to-Own request is entered in the DMA
Scoreboard.

Clock cycle 4b - The request is sent to the UPA interface.

Clock cycle 5 - The Merge Buffer stalls all DMA activity to the UPA and
requests the internal busses for a Writeback.

Clock cycle 6 - The Bus Controller grants the Merge Buffer ownership.

Clock cycle 7 - S_REPLY indicates that the data has arrived. The DMA
Reply Controller is informed of the arrival of the data.

Clock cycle 8 - The DMA Reply Controller makes a request to the Bus
Controller to transfer the data to the Merge Buffer. The Bus Controller
begins arbitration.

Clock cycle 9a - The DMA Reply Controller wins arbitration.

Clock cycle 9b - The data is delivered to the Merge Buffer.

Clock cycle 10 - The data, while being merged, is sent directly to the UPA
for a Writeback. The Merge Buffer issues a Writeback.

Clock cycle 11a - The Writeback is entered into the DMA Scoreboard.

Clock cycle 11b - The Writeback is sent to the UPA. After the Writeback
completes, DMA Activity is allowed to proceed.

For a more complete description of the merge buffer operation see Chapter 11,
“DMA Merge Buffer.”
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6.3 DMA Controller Functional Description

No arbitration occurs in the DMA Controller. All arbitration occurs in the Bus Ar-
biter/Controller. The DMA Controller is then informed of the results, if a DMA
request or reply is involved.

The two cases are:

1.
2.

A DMA Request wins arbitration: the DMA Request Encoder does this.

A DMA Reply wins arbitration: the DMA Reply Controller does this.

6.3.1 Overview

6.3.1.1 DMA Request Encoder

The DMA Request Encoder receives DMA Requests from internal blocks., deliv-
ered by the Bus Controller. It then translates the request into the appropriate UPA
format. In the next cycle, it hands the packet to the S2U Header FIFO in the UPA
block and to DMA Scoreboard.

The UPA Packet Encoder follows the following rules:

1.
2.

All reads to memory are issued as 64 Byte Read-to-Discards.

Reads to 10 Space that are 16 bytes or less are issued as Read-to-Discard
with the appropriate Byte Enables Set.

Reads to 10 Space that are 32 or 64 bytes are issued as 64 Byte Read-to-
Discards.

64 Byte writes to memory are issued as a Write-Invalidate.

Less than 64 Byte writes to memory are issued as Read-to-Own on behalf
of the Merge Buffer.

32 Byte writes to 10 Space are issued as two separate 16 Byte Writes.
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6.3.1.2 DMA Reply Controller

The DMA Reply Controller, upon receiving the S_REPLY for a DMA transaction,
retires the transaction from the DMA Scoreboard, and generates a request to the
Bus Controller if data needs to be transferred.

6.3.1.3 DMA Scoreboard

The scoreboard is organized as a fifo since all transactions to the UPA are or-
dered. U2S only uses 1 master class, so all transactions to the UPA from U2S are
ordered. There are two entries in the scoreboard.

53 52 51 48 47 7 6 4 3 0
C. RW. Tag Address Size Src

1 R ? 0x???7?? 64 STC
1 w ? 0x???7? 64 SBM

Figure 6-5 Examples of Scoreboard Entries

As shown in Figure 6-5 the scoreboard contains six fields:

1.

C Bit (1 bit) - Cacheable bit from the IOMMU which indicates whether this
transaction goes to memory or 10 Space. Only the SBus (SBM) will make
requests to 10 Space.

RW (1 bit) - Read/Write bit.

Tag (4 bits) - Special field used by the STC only. This field will be returned
to the source when the reply returns. It is a 4 bit field in which the
requesting source can put any type of information. The STC will place an
index number from its pool of buffers.

Address (41 bits) - in case of errors, the reply packet will contain the
original address.

Size (3 bits) - size of transaction.

Source (4 bits) - the Bus Controller needs this for arbitration. This equals
the destination encoding (see Chapter 7, “Bus Controller™).
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7.1 Definition of Terms

Prefixes to Signal Names

U2S - UPA to SBus buses (address and data)
S2U - SBus to UPA buses (address and data)
DCC - Merge Buffer (was DMA Cache)
MDU - Mondo Dispatch Unit

MMU - IOMMU

SBM - SBus Module

STC - Streaming Cache

TMR - Timer Counters

Example of Signal Names

U2S_PA - UPA to SBus PIO Address bus
U2S_PD - UPA to SBus PIO Data bus
U2S_DA - UPA to SBus DMA Address bus
U2S DD - UPA to SBus DMA Data bus

Sun Microelectronics
87



U2S User’s Manual

7.2 Overview

The Bus Controller is responsible for arbitrating among all sources and destina-
tions within the U2S. After choosing one or more winners, the Bus Controller
steers all the multiplexers (MUXs) and enables all the latches, first in and first out
(FIFO), and buffers necessary to transfer either the address or data or both from
the source to the destination.

7.2.1 Bus Controller Overview

The Bus Controller is broken up into three subblocks: the U2S DMA Bus Control-
ler, the S2U DMA Bus Controller, and the PIO Bus Controller. Each sub-block is
responsible for arbitrating among different sources, choosing a winner, and final-
ly steering the appropriate muxes to make the transfer. Sources which make re-
guests include the Merge Buffer, Mondo Dispatch Unit, IOMMU, SBus Module,
Streaming Cache, and the UPA. Requests will require the transfer of address
and/or data to some destination. The destination of each request is checked to
make sure that the it has room and is ready to take the transfer. A source that
makes a request to a destination that cannot take the transfer will not win arbitra-
tion.

The U2S DMA Bus Controller controls the U2S DMA Bus for transactions that
come in from the UPA destined for any of the U2S blocks. These transactions in-
clude DMA Read Replies for the Merge Buffer (Read-to-Owns), IOMMU (Table
Walks), SBus (DMA Reads), and Streaming Cache (DMA Read Prefetches).

The S2U DMA Bus Controller arbitrates and controls the S2U DMA Bus for trans-
actions that need to go out to the UPA. Blocks that issue requests to the UPA in-
clude the Merge Buffer (Writebacks), IOMMU (Table Walks), Mondo Dispatch
Unit (Interrupts), SBus (DMA Read and Writes), and Streaming Cache (DMA
Read and Writes).

The PIO Bus Controller services PIO from the UPA.
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7. Bus Controller

There are four main buses in the U2S, two buses (PIO and DMA) in each direc-

tion:

e U2S_P (PIO Requests)

e S2U_P (PIO Replies)

= U2S_D (DMA Replies)
e S2U_D (DMA Requests)

These buses are shown in the following figures, see Figure 7-1 and Figure 7-2.

UPA Interface
U2S Header U2s_PA UPA
1T} &
SBus
PIO WR FIFO U2s_PD Module
1T =
« U;S—ﬁg Stream
PIO RD FIFO ch s Cache
S2U_PD “PRF_PD
I:I:II Pl 64 | MDU_PD
MMU_PD Perform
[ 'ECC_PD Counter
TMR_PD
P_REPLY PRP MUX
L[ —
: Mondo
"1 unit
IOMMU
ECC
Timer
Counter
Figure 7-1 P10 Buses
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The P10 Data buses are 64 bits wide. The U2S_PD bus is used for PIO Write data.
The S2U_PD is used for PIO Read data. Both buses are frozen for the duration of
a P10 transaction; so, only one PIO transaction may be serviced at a time.

UPA Interface 41
DRQA MUX
S2U Header S2U_DA 64
41 SBus
I:[II‘ Module
A 4
S_REPLY 64 4,
CTL M
&4 Stream
DRQD MUX Cache
DMA WR FIFO S2U_DD :
+— 41
64 DMA
DMA RD FIFO uU2s_DD 64 Merge-
64 R > Buffer
64/,
DID MUX
" 41
Mondo
Dispatch
Unit
40
IOMMU
64/,

Figure 7-2 DMA Buses

The DMA Data buses are 64 bits wide. The S2U_DD bus is used for DMA writes,
and the U2S_DD bus is used for DMA reads (replies).
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7.3 Interface to Internal Blocks

This section describes the interface between the Bus Controller and the internal
blocks. Section 7.3.1, “Generic Interface describes a generic interface which in-
clude several signals which are common across blocks. Section 7.3.2, “Specific In-
terfaces then describes how each specific internal block differs. Section 7.3.3,
“UPA Interface describes the interface to the UPA. Section 7.3.4, “Other Interfaces
described the signal interface to other blocks that do not fit the generic interface
model. These blocks mainly include other control blocks.

Note: This section does NOT show all the interface signals to a block. but
rather, only shows the signals that the Bus Controller is involved in. A block may
have signals that are used to talk to other blocks which the Bus Controller does
not see. These signals are not shown or described.

7.3.1 Generic Interface

The figure below shows the interface signals to a generic internal block.

Slave Signals Master Signals
XXX_as_ [ | XXX_mrg_
XXX_rw [ I XXX_mrw_
XXX_rdy — e—m— | s XXX_sz_

Slave Buses Generic — XXX_gnt_
u2s_pa _ﬂ,;, Internal —— XXX_rrp_

- = Block
u2s_pa_ 64
XXX pd 8y
- Master Buses
VAN XXX_da
VAN XXX_dd
7 U2s_dd

Figure 7-3 Generic Block Interface

Note: In the figure above and the following tables, the prefix XXX to each signal
is replaced by the prefix of the internal block.
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All blocks will have the slave signals for diagnostic reads and writes. Some
blocks can act as a master, that is, the block can issue requests to the UPA. These
blocks include the merge buffer, IOMMU, Mondo Dispatch, SBus Module, and
Streaming Cache. These blocks will have the master signals.

Table 7-1 Slave Signals

Signal Name Signals 1/0 Description

XXX_as_ 1 | Address Strobe - when asserted, indicates a
slave (P1O) access

XXX_rw 1 | Read/Write - valid when XXX_as_ is asserted
to indicate a slave (P1O) read to write

XXX_rdy_ 1 (0] Ready - when asserted, indicates that the slave
(P1O) access is complete

Table 7-2 Master Signals
Signal Name Signals 1/10 Description

XXX_mrq_ 1 O Master Request - when asserted, indicates that
the block wishes to generate a request

XXX_mrw 1 (6] Master Read/Write - valid when XXX_mrg_is
asserted to indicate a master read or write

XXX_sz 2 (e} Size - valid when XXX_mrq_ is asserted and
indicates the size of the transfer (1,2,4,8,16,32,
or 64 bytes)

XXX_gnt_ 1 | Grant - when asserted, indicates that the block
has won arbitration; the block should drive the
address/data buses this cycle

XXX_rrp_ 1 | Read Reply - when asserted, indicates that read
reply data is valid on the input data bus
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Table 7-3 Slave Buses
Signal Name Signals 1/0 Description
u2s_pa Varies UPA-to-SBus PIO Address - for Slave (P10)
accesses, specifies address to read or write
u2s_pd 64 UPA-to-SBus P10 Data - carries Slave (P1O)
write data
XXX_pd 64 (0] (Output) PIO Data - carries Slave (P1O) read
data
Table 7-4 Master Buses
Signal Name Signals 1/0 Description
XXX_da Varies (Output) DMA Address - for Master accesses,
carries the address or header
XXX_dd 65 (Output) DMA Data - carries Master (DMA)
write data; includes 1 bit
to force bad ECC to the UPA
u2s_dd 65 UPA-to-SBus2 DMA Data - carries Master
(DMA) read data; includes 1 bit
of ECC uncorrectable error status
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7.3.1.1 Slave (P1O) Accesses

PIO reads or writes from the UPA to an internal block utilize the slave interface
to each block. In both cases (reads and writes), the internal buses are frozen until
the transaction completes. The intent is to keep the protocol as simple as possible.
Generally, a PIO read or write to an internal block can be serviced immediately.

Only 64 bit (8 byte) PIO accesses are allowed to internal blocks.

P10 Read Cycles:

Figure 7-4

1.  The XXX as_ is asserted. The XXX_rw indicates a read. The u2s_pa
indicates the address to be read. The u2s_pd and the XXX_pd are frozen.

2.  The XXX_rdy_is asserted. The XXX_pd is valid with the read data. The

Clock B el e el

XXXas_ 1t i
XXX_rw ><}<—'—W
u2s_pa i
u2s_pd : ; :
XXX_pd : : -

i X DOXX
XXX rdy_ 1 Gl 1

PIO Read to an Internal Block Timing

read is completed.
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P10 Write Cycles:

Clock :

XXX_as_ U
XXX _rw ><>< ><><
uzs_pd
XXX_pd 00

XXX_rdy T 1

Figure 7-5 PIO Write to an Internal Block Timing

1. The XXX_as_ is asserted. The XXX_rw indicates a write. The u2s_pa
indicates the address to be written. The u2s_pd is valid with the write data.
The u2s_pd and the XXX_pd are frozen.

2.  The XXX _rdy_ is asserted to indicate that the block has taken the data. The
write is completed.

7.3.1.2 Master Accesses

Certain blocks must have the capability of generating a request. Such blocks in-
clude the IOMMU for table walks, the Merge Buffer for writebacks, the Mondo
Dispatch Unit for sending interrupts to the UPA, the Streaming Cache for issuing
read prefetches and write flushes, and the SBus for issuing consistent DMA reads
and writes. These blocks will use the master signals in participating in the arbi-
tration sequence of the U2S.

When the block has a request it needs to issue to the UPA, it raises its request
lines. Later, the Bus Controller will inform the block that it has won through the
grant (XXX_gnt_) signal. The block must drive the address and data buses upon
seeing the grant signal. It has a fixed period of time it is allowed to drive the bus-
es which is based on the type of transfer it is performing.
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Master Read Cycles:

Clock
XXX_mrg_
XXX_mrw ><><‘ | P XX

XXX e
XXX_dd : :
XXX_rrp_ E
u2s_dd ><1>< D1i DO D2 D3

Figure 7-6 Master Read Timing

1.

XXX_mrg_ is asserted. XXX_mrw indicates a read. XXX_sz indicates the
size of the read.

Later, XXX_gnt_ is asserted by the Bus Controller to indicate that the block
has won arbitration. The block will drive the address bus next cycle.

The block drives XXX_da. Note that the data bus is not used.

Later, XXX_rrp_ is asserted to indicate that the read data is coming back.
s2u_dd is valid for consecutive cycles with the read reply data. Note that
the above figure illustrates 4 cycles of data, this is not always the case.

Note:

XXX_mrg_ for a request must be deasserted after XXX_gnt_ is asserted to

indicate that it has won the arbitration, unless the block has another transfer to

make.
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Master Write Cycles:
o 1 2 3 4 5 & 7 8 9
Clock ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
XXX_mra, | | | | | |
XXX_mrw :
XX . L XX
XXX_sz ! ! !
XX __Size, XX
XXX_gnt_
XXX_da | R ‘
1 <X Header >X
XXX_dd ! ! ! ! !
XX D0 X DI X D2 X_Da:
XXX _rrp_ : : : : :
u2s_dd

Figure 7-7 Master Write Timing

1. XXX_mrg_ is asserted. XXX_mrw indicates a write. XXX_sz indicates the
size of the transfer.

2. Later, XXX_gnt_ is asserted by the bus controller to indicate that the block
has won arbitration. The block should drive the buses the next cycle.

3. The block drives XXX_da with the address and XXX_dd with the data.

Note: XXX_mrg_ for a request must be deasserted after XXX_gnt_ is asserted to

indicate that it has won the arbitration, unless the block has another transfer to
make.
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7.3.1.3 DMA Read Reply Errors

Two types of DMA Read Reply Errors can occur:
e ECC uncorrectable error
= UPA time-out or other error

Each master block which issues DMA Reads must handle both error types. These
blocks include the IOMMU, Merge Buffer, Streaming Cache, and SBus Module.

For ECC uncorrectable errors, there is a status bit associated with the u2s_dd bus
indicated good or bad data for each transfer cycle. Otherwise ECC uncorrectable
errors are transparent to the Bus Controller. Data will be delivered to the block as
usual.

Other errors on the UPA, such as time-out errors, are dealt with in 2 different
ways. First, for the IOMMU and Merge Buffer, each block will receive a Nack sig-
nal (mmu_tnk_ and dcc_rnk_) indicating that the transfer was not completed.
The Bus Controller is not involved with this. Second, for the streaming cache and
SBus Module, the return header is sent as usual with an error signal asserted
(stc_err_and sbm_err_). No data is sent.
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7. Bus Controller

Each internal blocks have a slightly different interface than the generic case. Most
of the signals are common, however, there are a few additions and subtractions to

each block.

The table below lists the prefixes for each block.

Table 7-5 Block Prefixes
Prefix Block
mmu IOMMU
mdu Mondo Dispatch Unit
stc Streaming Cache
sbm SBus Module
dcc Merge Buffer (was DMA Cache)
ecc ECC/Parity Unit
usr UPA Slave Receiver
ust UPA Slave Transmitter
umr UPA Master Receiver
umt UPA Master Transmitter
prf Performance Counters

For simplicity in verilog integration, the prefix for the DMA cache (DCC) was
kept for the merge buffer.
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7.3.2.1 IOMMU Interface

Slave Signals Master Signals
mmuas ] L sy mmu_mrg_
mmu_rw —— ——— mmu_gnt_

mmu_rdy  +—— IOMMU
———————— mmu_rrp_
Slave buses
Master buses
uzs pa— %/
us pd— %z VAN mmu_da
mmu_pd « %/ | e 65/ u2s dd

Additional Signals
———————————— mmu_tnk_

Figure 7-8 IOMMU Interface

Table 7-6 Additional IOMMU Signals

Signal Name Signals 1/0 Description

mmu_tnk_ 1 | IOMMU Table Walk Nack - when asserted,
indicates an error has occurred for the Table Walk
and no data will be returned

The mmu_tnk_ signal is required in case there is an error on the UPA other than
an uncorrectable ECC error. The IOMMU must be able to continue and drop the
table walk, since it is stalled while waiting for the table walk.

The signals mmu_mrw and mmu_sz have been removed because they are con-
stant for the IOMMU. For master requests - for example, IOMMU Table walks -
the IOMMU will always do a DMA read to memory of 64 Bytes.

The mmu_da signl is driven with 41 bits of the physical address for the read.
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7.3.2.2 Mondo Dispatch Unit Interface

Slave Signals Master Signals

mdu_as_ ————————— mdu_mrg_

—
mdurw__ e——— mdu_gnt_

mdu_rdy_ «————

I\D/I'(;;gtoch Master buses
i
Slave buses .
10, Unit 64 mdu_da
u2s_pa 64, , - %/  , mdu_dd
u2s_pd 64,
mdu_pd Additional Signals

——  mdu_ack_
—— mdu_nck_

Figure 7-9 Mondo Dispatch Unit Interface

Table 7-7 Additional Mondo Dispatch Signals
Signal Name | Signals 1/0 Description
MDU_ACK_ 1 | Mondo Dispatch Ack - asserted to indicate that the last inter-

rupt sent to UPA has been Acked

MDU_NCK _ 1 | Mondo Dispatch Nack - asserted to indicate that the last inter-
rupt sent to UPA has been Nacked

The signals mdu_ack_and mdu_nck_ are handshakes from the UPA interface.
These signals are used to inform the Mondo Dispatch Unit whether its last inter-
rupt sent to the UPA has been processed.

As with the IOMMU, the mdu_rw and mdu_sz signals are removed since they
are constant. The Mondo Dispatch Unit only issues a DMA Write of 64 Bytes.
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7.3.2.3 DMA Merge Buffer Interface

Additional Signals

Master Signals

decchs — ) —————— dcc_mrq_
decc ws_ ——
dcceot — —— dcc_gnt_
deccrmk_ —
decc wba, — ) e———— dcc_rrp_
decwbn_ DMA
dec rgs. — | Merge Master/Other buses
decc rps. «——— | Buffer —4L2  s2u_da
dec st —-—— | 64, s2u_dd
| 4, dec da
| 6,  , dcc_dd
54 u2s dd
Figure 7-10  Merge Buffer Interface
Table 7-8 Additional Merge Buffer Signals
Signal . -
Name Signals 1/0 Description
dcc_hs_ 1 | Merge Buffer Header Strobe - asserted to insert a DMA Write
Header into the Merge Buffer
dcc_ws_ 1 | Merge Buffer Write Strobe - write enable signal for writing data
into the Merge Buffer
dcc_eot_ 1 | Merge Buffer End of Transmission - asserted to indicate that all
DMA Write data has been written into the Merge Buffer
dcc_rnk_ 1 | Merge Buffer Read Nack - when asserted, indicates an error on
the UPA for the last Read-to-Own issued by the DCC; the DMA
Write data will be lost
dcc_wba_ 1 | Merge Buffer Writeback Ack - when asserted, indicates that the
Writeback has completed
dcc_wbn_ 1 | Merge Buffer Writeback Nack - when asserted, indicates that
the Writeback has been canceled
dcc_rgs_ 1 O Merge Buffer Request Strobe - asserted to start a Writeback
operation
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Table 7-8 Additional Merge Buffer Signals

Signal . L
Name Signals 1/0 Description
dcc_rps_ 1 (@] Merge Buffer Reply Strobe - asserted to start a Read-to-Own
Reply operation
dcc_stl_ 1 O Merge Buffer Stall - when asserted, no more DMA transactions
from any source should win arbitration
Table 7-9 Additional DMA Cache buses
Signal . -
Name Signals 1/0 Description
s2u_da 41 | SBus2-to-UPA Address - carries the DMA Write Subline
s2u_dd 64 | SBus2-to-UPA Data - carries the DMA Write data

The Merge Buffer has no slave interface. No PI1O is performed to this block.

The Merge Buffer processes one DMA transaction at a time. During processing,
dcc_stl_ is asserted which indicates that no DMA transaction that requires the
DCC must win arbitration. This is to preserve ordering within the U2S, since the
DMA Write must be merged and written to memory before any other DMA trans-
actions can be processed.

The signal dcc_rnk_ is asserted when the UPA has a time-out error or other such
error that do not include an uncorrectable ECC error (which is carried with the
returning data). In this case the Merge Buffer simply aborts the write-subline.
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7.3.2.4 SBus Module

Slave Signals

Slave buses

u2s_pa A, |
u2s_pd 64 N

sbm_pd DI LY A—

Master buses

SBus
Module

Master Signals

————— sbm_mrqg_
—» sbm_mrw
—2,;> sbm_sz

e——— sbm_gnt_

e———————— sbm_rrp_

Additional Signals
L ,shmcec
l—————————— sbm_err_
———————» sbm_erv_
———————————» sbm_per
—L> sbm_eot_
—— sbm_rs_
4—4,; sbm_psz
e—— sbm_eoq_
[¢————— sbm_eop_

Figure 7-11  SBus Module Interface
Table 7-10 Additional SBus Module Signals
Signal . A
Name Signals 1/0 Description
sbm_c 1 (@] SBus Module Cacheable Bit - valid when sbm_mrq_ is
asserted to indicate if the transaction is to memory or not
sbm_err_ 1 | SBus Module Error - valid when sbm_rrp_is asserted to
indicate an error on a DMA Read on UPA that does not
include an uncorrectable ECC error
sbm_erv_ 1 | SBus Module Error Valid - asserted to indicate sbm_per is
valid
sbm_per 2 O SBus Module PIO Error - valid when sbm_rdy _is asserted
to indicate a P1O Read error on SBus (1 bit for time-out, 1
bit for any other error)
sbm_eot_ 1 (@] SBus Module End of Transmission - asserted for PIO
accesses to notify the Bus Controller ahead of time that the
transfer is completed on SBus; coincides with the ACK on
SBus

Sun Microelectronics

104




7. Bus Controller

Table 7-10 Additional SBus Module Signals

Signal . o

Name Signals 1/0 Description

sbm_rs_ 1 | SBus Module Read Strobe - asserted when taking data out
of the SBM for DMA Write Request

sbm_psz_ 1 | SBus Module PIO Size - valid when sbm_as_ is asserted to
indicate the size of the PIO transaction

sbm_eoq_ 1 | SBus Module End-of-Request - asserted to indicate last
cycle of DMA Write Request data taken

sbm_eop_ 1 | SBus Module End-of-Reply - asserted to indicate last cycle
of DMA Read Data inserted into the SBM

The signal sbm_eot_ is used for PIO Read replies from SBus. It is asserted one cy-
cle after the last ACK on SBus. This allows the Bus Controller to notify the UPA

interface to send the P_REPLY early, saving latency (see timing diagrams).
sbm_as_, sbm_rw, abm_psz, and u2s_pa will be invalid 1 cycle following

sbm_eot.

PIO accesses to internal blocks are only 1 cycle on the internal buses (64 bits).

However, a P1O access to SBus can be multiple cycles. The sbm_rdy_ signal is as-
serted every cycle data is transferred. So for PIO Writes, sbom_rdy_ indicates that
the SBM has taken the data and the next cycle of data should be driven. For PIO
Reads, every cycle sbom_rdy_ is asserted indicates that the SBM is driving valid

data on the bus that cycle.
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PIO Read to SBus Timing

Figure 7-12

Clock

y_

sbm_rd

sbm_eot

PIO Write to SBus Timing

Figure 7-13
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DMA from/to SBus is slightly different. For DMA Reads, when the data returns
from the UPA, sbm_rrp_ is asserted for the duration of the transfer (4 cycles, see
Figure 7-14 and Figure 7-15), then sbm_eop_ is asserted the last transfer cycle.

Clock _ L L L 1L 1L
sbm_mrq_

SEM_MIW - ST TXX |
sbm_da i Address X |

sbm_gnt_

sbm_dd

i L R N N T o
sbm_eop_ : : : : : —| l—
wesad Lo GEE@IR®T

Figure 7-14  SBus DMA Read Timing
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For DMA Writes, sbm_rs_ is asserted for the duration of the transfer, and
sbm_eoq_ is asserted the last cycle.

Clock T T s s N e N
sbm_mrq_ —l_,—,J—_
sbm_mrw ><><: X X
sbm_da ><>E< E Header E XX ;
sbm_gnt_ —T ' i 1
ST T N R B N e
sbm_eoq_ _"|_I_|—'_
sbm_dd ><}< iDO X Dli X D2 X D3 :

Figure 7-15  SBus DMA Write Timing

If sbm_err_ is asserted on a read reply, no data will be transferred.
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The sbm_c signal is used during arbitration. If it equals 1, then the transaction
goes to memory (cacheable bit set). If it equals 0, then the transaction goes to 10
space or another UPA port (cacheable bit clear). The following table lists the
transactions from the SBM.

Table 7-11 SBM DVMA Consistent Transactions

Type SBM_C (s;f;) Action

Read 0 1to 16 Goes to the UPA as a single cycle read

Read 0 32,64 Goes to the UPA as a four cycle read (64 bytes); if a 32 byte read,
the extra 32 bytes will be thrown away

Read 1 Any Goes to the UPA as a four cycle read; extra data will be thrown
away

Write 0 1to0 16 Goes to the UPA as a single cycle write

Write 0 32 Goes to the UPA as two signal cycle writes

Write 0 64 Goes to the UPA as a four cycle write

Write 1 1t0 32 Goes to the Merge Buffer

Write 1 64 Goes to the UPA as a four cycle write
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7.3.2.5 Streaming Cache Interface

Slave Signals

stcas —
stcrw— )
stc_rdy_«———

Master buses

stc_dae—A3% |
stc_d de— 67 |

Streaming
Slave buses Cache
uzs pa_lL.
uzs pd— 4%
stc_pde— 0% |

Master Signals

»stc_mrq_
| ,stc.mrw
| 4/ stesz

e——stc gnt_

e————————————stc_rrp_

— stcrs_
e—— stc_err_
—stc eot_
e 6/ rpltag
L stc_rps_

67 crg_tag

u2s_dd—5% L 6/ Lstcep
Figure 7-16  Streaming Cache Interface
Table 7-12 Additional Streaming Cache Signals

Signal . -

Name Signals 1/0 Description

stc_err_ 1 | Streaming Cache Error - valid when stc_rrp_ is asserted
to indicate an error on UPA for a DMA Read

stc_rs_ 1 | Streaming Cache Read Strobe - asserted each cycle to
take the data out of the streaming cache for a DMA
Write

stc_eot_ 1 | Streaming Cache End-of-Transmission - asserted on the
last cycle of Read Reply data

rpl_tag 6 | Reply Tag - 6 bit reply tag valid for DMA Read Replies

stc_rps_ 1 (@) Streaming Cache Reply Strobe - asserted after stc_rrp_
to inform the Bus Controller to start transmitting DMA
Read Reply data

crqg_tag 6 O Streaming Cache Request Tag - 6 bit tag that will be
returned when the reply comes back

stc_ep 6 (@) Streaming Cache End Pointer - points to the byte after
the last valid byte of a DMA Write
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The stc_sz has only three values for the Streaming Cache (for DMA Write). If
stc_sz equals 4 bytes (010), then only 1 data cycle is transferred to the DMA
Merge Buffer. This is a special descriptor update. If stc_sz equals 64 bytes (110),
then all valid 64 bytes of data goes out to the UPA as a Write-Invalidate. Any oth-
er value that stc_sz has is treated as a line flush in which 8 cycles on the data bus
is transferred to the Merge Buffer but only a some of the data is valid. In this
case, the 6 LSBs of sbm_da indicates the starting byte of the valid data, and
stc_ep indicates the ending byte of the valid data.

The stc_err_ will be asserted for an error condition on UPA that does not include
an uncorrectable ECC error. No data will be transferred, only the reply tag

(rpl_tag).

7.3.2.6 ECC and Parity Interface

Slave Signals

eccas ]
ecc rw—em——
ecc_rdy «———

ECC/Parity
Slave buses

u25_pa—lL>
u25_pd—6L>
eccpde 64 |

Figure 7-17  ECC/Parity Interface

Sun Microelectronics
111



U2S User’s Manual

7.3.2.7 Timer Counter Interface

Slave Signals

tmras —
tmr rwv———
tmrordy
Timer Counters

Slave buses

Figure 7-18  Timer Counter Interface

7.3.2.8 Performance Monitors Interface

Slave Signals

prfas —
prf_rw——»
prfrdy «———

Performance Moni-
Slave buses

Figure 7-19  Performance Monitor Interface
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7.3.3 UPA Interface

The main objective to the UPA interface is to keep it as consistent with the other
blocks as possible. Thus, many of the generic interface signals are used (for exam-
ple: XXX_mrg_, XXX_sz). Although the interface signals to the Bus Controller ap-
pear to be coming from each UPA block, the architecture of the UPA causes the
signals to be physically originating from different sources in the U2S. Though
they can be thought of as logically being a part of the UPA interface.

One example of this is the size encoding of a UPA Read Reply. A UPA Read Re-
ply does not have any header associated with it; so when the data comes back,
the UPA block cannot supply XXX _sz. It is the DMA Scoreboard that keeps the
original transaction information. So, the DMA Scoreboard is the block that actual-
ly generates XXX_sz for the UPA block. To the Bus Controller, the UPA appears to
be one logical block; however, the signals are physically coming from multiple
blocks.

7.3.3.1 UPA Slave Receiver Interface

Slave Signals Master Signals

upa_as —m
upa_rw_—___
upa rdy |

Slave buses

us pa_10, |
u2s_pd____ 64,
upapde 64, |

Master buses

u23_pa<L
u2s_pd « 64, |

UPA Slave
Receiver

L yusr_mrq_
I »usr_rw
2, ,usrsz

—— usr_gnt_
Additional Signals

I yusr wdv_
L yusr wde_

————»usr_he_
————»usr_fe_
———usr_dhl
——————————»usr rs_
———————————usr_mmu_
———————usr_mdu_
- »usr_prf_
I »usr_ecc_
——————————usr_upa_
—————»ust stc_
—————————»usr_sbm_
——————usr_tmr_

Figure 7-20  UPA Slave Receiver Interface
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The UPA Slave Receiver block is responsible for handling PIO (Slave) requests to
the U2S.

Table 7-13 Additional UPA Slave Receiver Signals

Signal . o
Name Signals 1/0 Description

usr_he_ 1 (@) UPA Slave Receiver Header Error - valid when
usr_mrq_ is asserted to indicate a parity error in the
UPA header

usr_fe_ 1 (@) UPA Slave Receiver Format Error - valid when
usr_mrq_ is asserted to indicate a invalid UPA header,
invalid size, or invalid transaction

usr_wdv_ 1 (@) UPA Slave Write Data Valid - asserted to indicate valid
PIO Write data

usr_wde_ 1 (@) UPA Slave Write Data Error - asserted to indicate PIO
Write data with uncorrectable ECC

usr_dhl 1 (0] UPA Slave Receiver Data High/Low - valid when
usr_mrq_ is asserted and the size is 8 bytes or less on a
write; indicates where the valid data is located

usr_rs_ 1 | UPA Slave Receiver Read Strobe - asserted to advance
the 128 bits FIFO; indicates that the P1O write data has
been taken

usr_mmu_ 1 (0] UPA Slave Receiver to IOMMU - asserted to indicate
that the IOMMU is the target of the PIO

usr_mdu_ 1 (0] UPA Slave Receiver to Mondo - asserted to indicate that
the Mondo Dispatch Unit is the target of the PIO

usr_prf_ 1 (0] UPA Slave Receiver to Performance Monitors - asserted
to indicate that the Performance Monitors is the target
of the P1O

usr_ecc_ 1 (0] UPA Slave Receiver to ECC - asserted to indicate that
the ECC is the target of the PIO

usr_upa_ 1 (0] UPA Slave Receiver to UPA - asserted to indicate that
the UPA is the target of the PIO

usr_stc_ 1 (0] UPA Slave Receiver to Streaming Cache - asserted to
indicate that the Streaming Cache is the target of the
PI1O

usr_sbm_ 1 (0] UPA Slave Receiver to SBus Module - asserted to indi-
cate that the SBus Module is the target of the PIO
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Table 7-13 Additional UPA Slave Receiver Signals

Signal . A
Name Signals 1/0 Description
usr_tmr_ 1 (0] UPA Slave Receiver to Timer Counters - asserted to

indicate that the Timer Counters are the target of the
PI1O

The UPA Slave Receiver Interface is the logical interface that the Bus Controller
sees from the UPA for PIO Accesses. However, some of the signals come from the
P10 Decoder, which is logically associated with the UPA Slave Receiver. The par-
titioning is shown in Figure 7-21,"UPA Slave Receiver Signal Partition."
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usr_mrq_ N
P usr_gnt_
usr_wsv_
usr_wde_
ust_hfl_ |
ust_dfl_ |
< usr_rs_ le——————— mmu_rdy_
N ust hs le——— mdu_rdy_
< = le————dcc_rdy_
ust_ws
< e———ecc_rdy_
l——upa_rdy_
usr_he N le—————dsb_rdy_
usr fe_ | Bus Controller «———stc_rdy_
l¢&————— sbm_rdy_,sbm_eot_
4 s usr_sz e———————tmr_rdy_
7 usr_dhl
UPA 70y upa_hdr usr_mmu__
Interface usr_mdu
usr_prf_ l—————————mmu_as_, mmu_rw
PIO g I »mdu_as_, mdu_rw
—

Decoder usr_ecc_ R prf_as_, prf_rw
usr_upa_ —————»ecc_as_, ecc_rw
usr_stc_ : ————upa_as_, upa_rw
usr_sbm_ I »stc_as_, stc_rw
usr_tmr_ ” ——»sbm_as_, sbm_rw

" L tmras,tmrrw
usr_rw_
41/ u2s_pa »U25_pa
64 su2s_pa »u2s_pd
64 /s2u_pd s2u_pd

Figure 7-21  UPA Slave Receiver Signal Partition

The Bus Controller begins the PIO access when usr_mrg_ is asserted. The
usr_gnt_ informs the UPA to advance its PIO header FIFO.

If usr_he_or usr_fe_is asserted when usr_mrq_ is asserted, then the header has a
P10 error. In this case, the Bus Controller will clock the transaction out to the
UPA and inform the P_REPLY unit.
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For PIO Writes, the Bus Controller, upon seeing usr_mrq_ , waits for usr_wdv_ to
be asserted to indicate that the PIO Write data has arrived before proceeding with

the PIO access. If usr_wde_ is asserted, then the write data has an uncorrectable

ECC error. The Bus Controller will clock the write out of the FIFOs (including da-
ta).

For PIO Reads, usr_rs_ is used to advance the UPA PIO Read FIFO.

7.3.3.2 UPA Slave Transmitter Interface

Additional Signals

I ust_hfl_
—————— ust dfl_
UPA le—————ust_hs_
Slave —————— ust_ ws_

Transmitter ) 14, p_phdr

buses

%/ soupd

Figure 7-22  UPA Slave Transmitter Interface

The UPA Slave Transmitter is responsible for handling PIO replies.

Instead of a returning a header, the UPA requires P_REPLY. The information
needed to generate P_REPLY is given by p_phdr, which is valid when ust_hs_ is
asserted. The components of p_phdr is given below.

Table 7-14 p_phdr

Signal Name Signals Description
p_phdr[13:9] 5 MID - original MID of the PIO transaction
p_phdr[8] 1 Class - original class of the PIO transaction
p_phdr[4:7] 4 Transaction Type - UPA encoding
p_phdr[3] 1 Format Error - usr_fe_
p_phdr[2] 1 Header Parity Error - usr_he_
p_phdr[1:0] 2 SBus PIO Error - sbhm_per
Total Signals 14

From these signals, the UPA Slave Transmitter can determine the appropriate
P_REPLY to generate.
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7.3.3.3 UPA Master Receiver Interface

Master Buses

Master Signals

u25_da+ - »umr_mrg_

u2s_dd

|47  ,umrsz

L yumr_rw

UPA - .
Master 4 Additional Signals
. %/ yumr_dst
Receiver -
2—>umr_dhl
<%/ —  »umr_srp

e—— umr_hs_
———————umr_rs_

Figure 7-23  UPA Master Receiver Interface

The UPA Master Receiver is responsible for handling DMA read replies.

Table 7-15 Additional UPA Master Receiver Signals

Signal . .

Name Signals 1/0 Description

usr_dhl_ 1 O UPA Data High/Low - valid when usr_mrq_ is asserted and when the
size of the read is 8 bytes or less to indicate where the valid data is
located (either in the upper 64 bits or lower)

usr_dst 4 (@) UPA Master Receiver Destination - indicates the destination of the
DMA Read Reply

usr_srp 2 (@) UPA Master Receiver S_REPLY - encoded S_REPLY to indicate result
of the DMA Read

umr_rs_ 1 | UPA Slave Receiver Read Strobe - asserted to advance the FIFO; indi-
cates that the DMA Read data has been taken

umr_hs_ 1 | UPA Slave Receiver Header Strobe - used to advance the DMA Score-
board
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Table 7-16

Destination/Source Encoding

Code<3:0>

Destination/Source

0000

0001

0010

0011

0100

0101

IOMMU Block

0110

Mondo Dispatch Block

0111

1000

Streaming Cache

1001

Merge Buffer

1010

1011

1100

SBus Module

1101

1110

11

7. Bus Controller

A reply from UPA does not have any header information. So the reply header
must be generated by the DMA scoreboard, which stores the original transaction.

Table 7-17 UPA Interface Signals to DMA Controller Signals
Signal Name | Signals | I/O Description
upa_rpl_ 1 (@) UPA Reply - asserted to indicate a read or write reply
upa_rpa_ 1 | UPA Reply Ack - asserted to acknowledge a upa_rpl_
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7.3.3.4 UPA Master Transmitter

Additional Signals

» umt_hfl_
UPA —————— umt_dfl_
Master ——umt_hs_

Transmitter
e——  umt ws_

Buses

4/ su da
# s2u_dd

Figure 7-24  UPA Master Transmitter Interface

The UPA Master Transmitter is responsible for handling DMA and Interrupt
Requests to the UPA.

When the extra line in s2u_dd is asserted, a bad ECC should be generated for the
data.
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7.3.4 Other Interfaces

7. Bus Controller

This section describes interfaces to blocks that do not follow the generic interface.

7.3.4.1 DMA Scoreboard Interface

Additional Buses

sZu_da+>41

DMA
Scoreboard

Additional Signals
e——dsb_hs_

L sdsb rdy_
L »dsb fl
— T

———S2u_mrw
——  s2u c

— 2/  s2u src

4
< 6, s2u_tag

——2/  umr_srp

Figure 7-25  DMA Controller Interface
Table 7-18 Additional DMA Controller Signals
Signal Name Signals 1/0 Description
dsb_rdy_ 1 (e} DMA Scoreboard Ready - asserted when the DMA
Scoreboard is ready to process a DMA Request
dsb_hs_ 1 DMA Header Strobe - asserted when a DMA Request is
on the s2u_da Bus
dsb_dl_ 1 (e} DMA Scoreboard Full - asserted when the scoreboard is
full
rd_fl_ 1 (e} Read Full - asserted to indicate that no more DMA reads
should be issued because the limit of the DMA Read
FIFO has been reached
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Table 7-19

Additional DMA Controller buses

Signal Name

Signals

1/0

Description

s2u_da

41

SBus2-to-UPA Address - carries the DMA Request
Address to be logged into the scoreboard

There is no slave interface to the DMA scoreboard. There are no PIO accesses to

the DMA scoreboard.

All DMA transactions are logged into the DMA scoreboard. When these transac-
tions win arbitration, in addition to being sent to their respective destinations,

they are copied to the DMA Controller.

The dsb_fl_ is asserted when the DMA scoreboard is full. In these cases, no DMA
transaction can win arbitration until dsb_fl_ signal is de-asserted (for example:

replies have come back to clear entries in the scoreboard).

See the UPA Master Receiver for other DMA Controller signals that go to the Bus

Controller.
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7. Bus Controller

7.4 Bus Controller Functional Description

The following section is a discussion of each Bus Controller, their responsibilities,
which blocks they interact with, and the actions they take.

Each controller (U2S, S2U, and PIO) controls a set of buses and is capable of
transferring one transaction at a time. However, each is independent, so a maxi-
mum of three transactions can be transferred at any time (one transaction over
each set of buses).

Each set of buses includes an address bus and a corresponding data bus. Headers
will be transferred over the address bus and always take one cycle. Data will take
one to eight cycles, depending on the size of the data. In some cases, depending
on the transaction, only the address bus may be used, at which time the data bus
corresponding to that address bus will be idle. For example, a DMA Read request
is issued by the SBus Module. During this transfer, the s2u_da bus will be used to
transfer the header for the read, but the s2u_dd bus will be idle for that cycle. In
other cases, both address and data buses will be used. However, the data transfer
could take multiple cycles, in which case, the address bus will be idle.

7.4.1 U2S Bus Controller

The U2S Bus Controller is responsible for transferring DMA Read Replies from
the UPA (specifically the UPA Master Receiver) to the requesting U2S block. It
controls the u2s_da and u2s_dd buses. The u2s_da Bus (DMA Address), carries
header information back to the Streaming Cache and to the ECC unit, in case of
an ECC error. The u2s_dd Bus (DMA Data) carries the Read Reply data. It is 64
bits wide.

Blocks which can receive Read Replies include the IOMMU, DMA Cache, Stream-
ing Cache, and SBus (see following table for detailed descriptions). Reads issued
from the IOMMU, DMA Cache, and Streaming Cache will be 64 bytes to the UPA.
The IOMMU needs only 16 bytes, so the extra 48 bytes will be ignored. All Reads
to memory from the SBus will also be 64 bytes (the extra data will be ignored).
Reads to 10 Space from SBus will be either 16 or 64 bytes (one or four UPA cy-
cles). 32 Byte Reads to 10 Space will be sent out as a 64 byte read with the extra
data ignored.

DMA Write Replies are not handled by the U2S Bus Controller. Rather, the UPA
Master Receiver will inform the DMA Controller directly, so that the DMA Score-
board can be advanced. No address or data is transferred for a DMA Write Reply.
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Table 7-20

U2S Bus Controller Actions

Source

Transaction

Errors

Action (cycles)

IOMMU

Table
Walk

Reply

None

1) mmu_rrp_ asserted; on the same
cycle, 8 bytes of data is transferred; no
address is transferred

2) 8 byte of data transferred; transfer
complete

3) to 8) UPA FIFO is emptied of extra
data

UE ECC Error

Same cycles as in the no error case -
u2s_dd[64] contains the UE ECC Error
indication; IOMMU will have to detect
this and drop the data

UPA Error (no data)

No action taken - DMA Controller will
notify the IOMMU through mmu_tnk_
signal

Merge
Buffer

Read-to-
Oown

Reply

None

1) dcc_rrp_ asserted; the Bus Controller
waits for dec-rps_

2) Later, dcc_rps_ is asserted by the
Merge Buffer to indicate that it is ready;
on the same cycle, 8 bytes of data is
transferred; no address is transferred
3) to 9) 8 bytes transferred

UE ECC Error

Same cycles as in the no error case -
u2s_dd[64] contains the UE ECC Error
indication; the Merge Buffer loop this
around to the ECC unit during Write-
back and the ECC unit will generate
bad ECC

UPA Error (no data)

No action taken - DMA Controller will
notify the Merge Buffer through
dcc_rnk_ signal
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Table 7-20

U2S Bus Controller Actions

7. Bus Controller

Source

Transaction

Errors

Action (cycles)

Streaming
Cache

Read
Prefetch

Reply

None

1) stc_rrp_ asserted; the Bus Controller
waits for stc_rps_

2) Later, stc_rps_ is asserted by the
Streaming Cache to indicate that it is
ready; on the same cycle, 8 bytes of
data is transferred, and the original
index is returned on the address bus
3) to 9) 8 bytes transferred; on the last
cycle stc_eot_ is asserted

UE ECC Error

Same cycles as in the no error case -
u2s_dd[64] contains the UE ECC Error
indication; the Streaming Cache will
store the bad data and the error; when
SBus requests the line, the Streaming
Cache will indicate bad data

UPA Error (no data)

1) stc_rrp_and stc_err_ asserted; the
Bus Controller waits for stc_rrp_

2) Later, stc_rps_ is asserted by the
Streaming Cache to indicate that it is
ready; on the same cycle, the original
index is returned on the address bus;
no data is transferred

SBus
Module

DMA
Read

Reply

None

1) sbm_rrp_ asserted; 8 bytes trans-
ferred

2) to 7) 8 bytes transferred; sbm_eop_
asserted on last cycle

UE ECC Error

Same cycles as in the no error case -
u2s_dd[64] contains the UE ECC Error
indication; SBus will indicate an error
during the transfer

UPA Error (no data)

1) sbm_rrp_and sbm_err_ asserted
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7.4.2 S2U Bus Controller

The S2U Bus Controller is responsible for making the transfers for DMA and In-
terrupt Requests out to the UPA and partial writes to the Merge Buffer. It controls
the s2u_da (DMA Address) and s2u_dd (DMA Data) buses. The s2u_da bus car-
ries the address and header information to the UPA Master Transmitter. The
s2u_dd bus carries DMA Write data. It is 64 bits wide.

Blocks which can issue DMA Writes include the Mondo Dispatch Unit, Merge
Buffer, Streaming Cache, and SBus (see following table for detailed descriptions).
Writes issued from the Mondo Dispatch and Merge BUffer will be 64 bytes to the
UPA. Writes from the Streaming Cache will also be 64 bytes; however, it is possi-
ble for only part of the data to be valid (for example a 64 byte line flush). If all 64
bytes are valid, then the write goes out to the UPA, else it goes to the Merge Buff-
er as a partial write. 64 byte writes to memory from the SBus will go out to the
UPA. Less than 64 byte writes to memory from the SBus will go to the Merge
Buffer. All writes to 10 Space from SBus will go the UPA. Note that 32 byte writes
to 10 Space will be broken down as two 16 byte writes.

Table 7-21 S2U Bus Controller Actions

Transaction Size Destination Action (cycles)
I0MMU Table Walk 16 Bytes UPA 1) mmu_mrq_ asserted by the
needed but 64 Mondo Unit
Bytes Read 2) Later, mmu_gnt_asserted by

the Bus Controller; on the same
cycle, the IOMMU Unit sends
the address

Dispatch Packet Bytes Mondo Unit

Interrupt Always 64 UPA 1) mdu_mrg_ asserted by the

2) Later, mdu_gnt_ asserted by
the Bus Controller; on the same
cycle, the Mondo Unit sends
the address and 8 bytes of data
3) to 9) 8 byte of data trans-
ferred
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Table 7-21

S2U Bus Controller Actions

7. Bus Controller

Source

Transaction

Size

Destination

Action (cycles)

Merge
Buffer

Writebacks

Always 64
Bytes

UPA

1) dcc_mrq_ asserted

2) Later, dcc_gnt_ asserted by
the Bus Controller; the Bus
Controller now waits for
dcc_rgs_

3) Later dcc_rgs_ asserted by
the Merge Buffer; on the same
cycle, the Merge Buffer sends
the address and 8 bytes of data
3t0 9) 8 byte of data trans-
ferred

Streaming
Cache

Writebacks

64 Bytes of
Valid Data

UPA

1) stc_mrq_ asserted, stc_mrw
=0, stc_sz = 64 bytes by the
Streaming Cache

2) Later, stc_gnt_ asserted by
the Bus Controller; on the same
cycle, the stc_rs_ asserted by
the Bus Controller to read 8
bytes of data out, the Stream-
ing Cache sends the address
3)to 9) 8 byte of data trans-
ferred

Writebacks

<64 Bytes of
Valid Data

Merge
Buffer

1) stc_mrq_ asserted, stc_mrw
=0 stc_sz < 64 bytes by the
Streaming Cache

2) Later, stc_gnt_ asserted by
the Bus Controller; on the same
cycle, the stc_rs_ asserted by
the Bus Controller to read 8
bytes of data out, the Stream-
ing Cache sends the address
3) to 9) 8 byte of data trans-
ferred

Read
Prefetches

Always 64
Bytes

UPA

1) stc_mrq_ asserted, stc_mrw
= 1by the Streaming Cache

2) Later, stc_gnt_ asserted by
the Bus Controller; on the same
cycle, the Streaming Cache
sends the address
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Table 7-21 S2U Bus Controller Actions
Source Transaction Size Destination Action (cycles)
SBus DMA Write 64 Bytes to UPA 1) sbm_mrg_ asserted,
Module Memory or sbm_mrq = 0 by the SBM
any size to 2) Later, sbm_gnt_ asserted by
10 Space the Bus Controller; on the same
cycle, the sbm_rs_ asserted by
the Bus Controller to read 8
bytes of data out, the SBM
sends the address
3) to 9) 8 byte of data trans-
ferred; sbm_eoq_ asserted on
last cycle
DMA Write <64 Bytes Merge 1) sbm_mrq_ asserted,
to Memory Buffer sbm_mrq = 0 by the SBM
2) Later, sbm_gnt_ asserted by
the Bus Controller; on the same
cycle, the sbm_rs_ asserted by
the Bus Controller to read 8
bytes of data out, the SBM
sends the address
3) to 9) 8 byte of data trans-
ferred; sbm_eoq_ asserted on
last cycle
DMA Read Any size - to UPA 1) sbm_mrq_ asserted,
memory, sbm_mrq = 0 by the SBM
goes out as 2) Later, sbm_gnt_ asserted by
64 Bytes the Bus Controller; on the same

cycle, the SBM sends the
address
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7. Bus Controller

7.4.3 PI1O Bus Controller

The PIO Bus Controller is responsible for transferring PIO Read/Write and Copy-
back/Invalidate Requests and Replies. It controls the u2s_pa bus (PIO Address),
the u2s_pd Bus (PIO Data), and the s2u_pd Bus (P1O Data). Note that it controls
the buses on both direction (unlike the S2U and U2S Bus Controllers). This is be-
cause for PIO transactions, the PIO Bus Controller freezes the buses in both direc-
tions until the transfer is complete. The u2s_pa bus is looped back around to the
UPA Slave Transmitter to form the appropriate P_REPLY. Both PIO Data buses
are 64 bits wide to all blocks.

Only 64 bit PIO accesses are support to internal blocks. However, any size trans-
fer (that is support by the UPA) can go out to the SBus. The following table de-
scribes the PIO Bus Controller actions.

Table 7-22 P10 Bus Controller Actions

Destination Transaction Size Errors Action (cycles)

Any PIO Read 8 Bytes None 1) Appropriate XXX_as_ is asserted by the PIO Con-
troller; the address is driven

2) Later, XXX_rdy_is asserted by the block to indi-
cate that the read data is available; 8 bytes are trans-
ferred into the UPA

PIO Write 8 Bytes None 1) Appropriate XXX_as_ is asserted by the P1O Con-
troller; the address is driven; the data is driven

2) Later, XXX_rdy_is asserted by the block to indi-
cate that the data is taken

SBus PIO Read > 8 Bytes None 1) sbm_as_ is asserted by the PIO Controller; the
address is driven

2) Later, sbm_rdy_ is asserted by the block to indi-
cate that the read data is available; 8 bytes are trans-
ferred into the UPA

step 2) is repeated until all data is read
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Table 7-22 P10 Bus Controller Actions

Destination Transaction Size Errors Action (cycles)

P1O Write >8Bytes | None 1) sbm_as_ is asserted by the P1O Controller; the
address is driven; the data is driven

2) Later, sbm_rdy_ is asserted by the block to indi-
cate that the data is taken

step 2) is repeated until all data is written

Any P1O Write Any UE ECC 1) Bus Controller sees the UE ECC Error
Error 2) to 9) 8 bytes are clocked out of the UPA FIFO; no
data is transferred
Any Any Any Parity 1) Bus Controller sees the Parity Error
Error 2) The P_REPLY Unit is notified; no data is trans-
ferred
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UPA Master / Slave Control 3

8.1 Definition of Terms

Abbreviations, TLAs and ETLAS used in this section:

U2S: 1/0 Controller Chip

UMS: UPA Master / Slave Control

RMW: Read-Modify-Write

SC: System Controller ASIC

DVMA: Direct Virtual Memory Access Sun’s version of DMA
P1O: Programmed Input/Output

UPA: Uniform Port Architecture

S2U_A: SBus2 to UPA Address, used for all DVMA cycles
U2S_A: UPA Address for PIO cycles plus system copyback requests
UE: non-correctable error

CE: Correctable error
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8.2 UPA Master / Slave Overview

The UPA Master/Slave (UMS) block is the U2S’s interface to the UPA_A request
bus. The U2S can be addressed as a UPA Slave to handle PIO requests and can act

as a UPA Master when it requires DMA transactions to be sent.

When the U2S is addressed as a UPA slave, all requests from the UPA address
bus are written into the U2S_A FIFO. When the U2S wants to perform a DVMA
request, the UMS arbitrates for use of the UPA Address bus and drives the re-

guest out from the S2U_A FIFO.

»
»

- U2S_AFIFO
U25_A(70:0)
>

UPA_A(35:0)
«—>

S2U_AFIFO

PG |+
i <—
$ L [ PGJe—

S2U_A(69:0)

A

UPA_REQ(2:0)_IN_ UPA

UPA CTLREOIN | MASTER / SLAVE
> CONTROL = >

__UPA_REQOUT
o
ADDR_VALID

P

U2S_FIFO Control

PIO_CTL Control

UPA_MASTER Corltrol

Figure 8-1 UPA Master / Slave High-level block diagram
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8.3 Signal Descriptions

8. UPA Master / Slave Control

Table 8-1 Master/Slave Interface Signals
Signal Name Signals 1/0 Description

I_UPA_RQ 3 | Request signals from other clients

I_SC_REQ 1 | Request from system controller

|_ADDR_VLD 1 | Indicates a valid address cycle on bus

I_UPA_A 36 | UPA request bus

UPA_HDR 71 (@) U2S_A request bus to the PIO controller
unit

UPA_CLK_OUT 1 (@] UPA_CLK_OUT (for debug purposes)

DMA_SRPLY 1 | DMA related S_REPLY

O_UPA_REQ _OUT 1 O Request from U2S indicating that it wants
ownership of the UPA address bus (before
the output register)

UPACLK 1 | UPA clock

SIOCLK 1 | U2S clock

UPARST_ 1 | UPA Reset with respect to the UPA clock

SIORST_ 1 | U2S Reset with respect to the U2S clock

I_ARBRST_ 1 | Resets the Arbiter

USR_MRQ _ 1 O Indicates the PIO controller that there is an
entry in the U2S_A FIFO

O_ADDR_VLD 1 (@] Address valid driven out on the UPA

ADDR_OE_B 1 (@) Output Enable for driving Addr_Valid

UMT_HS_ 1 | Enables the S2U_A FIFO to clock in the 64
bits of address from the DMA controller

UMT_HFL_ 1 (@) Indicates that the S2U FIFO is full

U2S_PA 2 | PIO Address to access a configuration regis-
ter

uU2s_PD 64 | UPA to SBus PIO write data

UPA_PD 64 O Output PIO read data

UPA_RW 1 | Read/Write - valid when UPA_AS_is
asserted to indicate a PO read or write

UPA_AS_ 1 | Address strobe - when asserted indicates

P10 access

Sun Microelectronics

133



U2S User’s Manual

Table 8-1 Master/Slave Interface Signals
Signal Name Signals 1/0 Description
UPA_RDY_ 1 (0] Ready - when asserted, indicates that the
PIO access is complete
ADDR_LD B 1 (@] UPA Address bus load
ADDR_LD_D1B_ 1 O Registered address_oe_nxt to load the input

address buffers

MODE _BIT 1 (@] Indicates whether the UPA clock is faster
than the U2S clock

S2U_DA 70 | DMA address bus from Bus Controller
SIO_IGN 5 O Interrupt Group number

O_UPA_A 36 O Output UPA Address bus

MID 5 O UPA ID

U2S_RS 1 | Advances the head pointer in the U2S FIFO

8.4 UPA Master / Slave Functional Description

This block generates the control signals to the incoming and outgoing FIFOs from
UPA_A bus.

If there was an incoming request in U2S_A FIFO the Slave logic would clock in
the 64 bits of address from the bus in two consecutive cycles.

When there is an entry in the S2U_A FIFO, the UMS would arbitrate for the bus
and if it becomes the winner, it then goes into the Master state. In this state it
would send out the request on the UPA_A bus.

8.4.1 UPA Master (UM) Description
8.4.1.1 UM Overview

When there is an entry in the S2U_A FIFO it indicates that the U2S wants to send
a request on the UPA Address bus. The arbitration block takes in the request and
starts the arbitration for the address bus. The U2S will continue to arbitrate for
the bus till it becomes the winner. If the U2S wins the bus then it becomes the
current master. The control logic in the master then generates output enable to
drive the output buffers. The state machine in the UM generates mux_sel at the
right time to send 32 bits of the 64 bits entry in the FIFO in the right sequence.
The 32 bits of address pass through a parity generator block to generate the pari-
ty bit before being fed to the output buffer. If IAP (invert address parity) bit is set
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8. UPA Master / Slave Control

by the software, then the address parity bit from the Parity Generator block is in-
verted to generate bad parity on the address bus.The state machine also generates
S2U_RS to increment the read pointer in S2U_A FIFO.

The arbiter block maintains the following rules:

= The round robin bits keep the last master highest priority
= Any requestor can assert his request at any time

< If multiple requests were asserted, they arb using the current
round robin state. At the end of the arb cycle, the round robin
bits are set so the winner is the highest priority. For fairness,
other requests should make the current master release his
request (if asserted) within one or two transactions

= The system controller request always has the highest priority

When the system is woken from the SLEEP mode (power management mode),
the SC asserts only the |_ARBRST _ signal to U2S (uparst_ is not asserted). This
signal resets the arbiter logic and also enables a 6 bit counter. U2S is prevented
from generating any requests for 64 upa clocks after the |_ARBRST_ signal is as-
serted so that as to give the processor enough time to come out of its reset.

8.4.1.2 UM Block Diagram

UMT_HFL N _ADDRLDB
= = »
S2U_DA I_SC_RQ | ADDR OEB
10/, ey
S2U FIFO __LUPARQ 3 |  ARBITER sC_FuLL
EE—
MY_RQ_ AND
OMLES O_ADDR_VLD
: "
JLLSTEE I R
< S2U_RS

MUX_SEL
S2U_HDR[35:0 » PG

UPA_A [35:0]

o
S2U_HDR[69:36]

Figure 8-2 UM Block Diagram
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8.4.2 UPA Slave (US) Description

8.4.2.1 US Overview

The UPA Master/Slave goes into the slave mode when it sees the Addr_valid sig-
nal asserted. The UPA_A bus is a 36 bit request bus including one Odd parity bit.
All requests take two clock cycles to transfer on the UPA _A bus. The request is
fed into the parity check block. All requests along with the parity result are
stored in the FIFO. The USR_MRQ _is asserted indicating to the PIO/DMA con-
troller that there is a request in the U2S_A FIFO.

8.4.2.2 US Block Diagram

USR_GNT_ FIFO
U2s_Ws
I_ADDR_VLD SLAVE
PARITY_RSLT CTRL
e
LOGIC

U2S_A_ADDR(36:0)
— —> USR_MRQ_

> U2S_A UPA HDR 71,
L _ 7"

v

Figure 8-3 UPA Slave Block Diagram
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8.5 PIO Logic Descriptions

The PIO block monitors diagnostic access into the UPA configuration registers.

8. UPA Master / Slave Control

U2S_PA
-1 ADDR UPA_RDY_ >
DEC
AND
UPA_AS_ E(ggll_c
— > UPA PORT_ID REGISTER

y— P

; » LD >

gy S >
UPA CONFIG REGISTER

» D
UPA_RW : /LD > UPA_PD

gy S > 64, >

U2S CONTROL REGISTER
» D
_’I > LD >
>
u2s PD 64,
7
S ——
MODE_BIT, IAP, DMASZ
Figure 8-4 Block Diagram of PIO logic
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UPA Reply Control 9

9.1 Definition of Terms
Abbreviations, TLAs and ETLAs used in this section:
= U2S: The 1/0 Controller Chip
e SC: The System Controller ASIC
< DVMA: Direct Virtual Memory Access, (Sun’s version of DMA)
< PIO: Programmed Input/Output
= UPA: Uniform Port Architecture
e S2U_D: SBus2 to UPA Address. Used for all DVMA cycles
< U2S_A: UPA Address for PIO cycles
= Line: 64 bytes, the cache line size

= Sub-line: Any access which is less than 64 bytes in size
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9.2 UPA Reply Overview

The UPA Reply block is the U2S’s interface to the UPA_Data bus. There are three
functions that this block performs:

= Generates P_REPLY based on signals from the PIO unit

= Receives S_REPLY for both PIO and DVMA and manages data into and out
of the UPA Data FIFOs

= Signals the appropriate PIO or DVMA control unit that data transfer has
occurred

The UPA Reply unit manages replies to the SC chip. P_REPLY requests are re-
ceived from the PIO Control Unit and are forwarded to the SC. For PIO reads,
P_REPLY indicates to the SC that the U2S chip has read data ready in the PIO_RD
FIFO. For PIO writes, P_REPLY indicates that the U2S has removed write data
from the PIO_WR FIFO. P_REPLY is not used for DVMA.

S_REPLY is used for both PIO and DVMA cycles. For PIO reads, S_REPLY indi-
cates that the SC is ready to read data out of the PIO_RD FIFO. For PIO writes,

S_REPLY indicates that the SC is writing data into the PIO_WR FIFO. For DVMA
reads, S_REPLY indicates that the SC is delivering data into the DVMA_RD FIFO,
and for DVMA writes, S_REPLY indicates that the SC is ready to read data out of
the DVMA_WR FIFO.

The UPA Reply unit has two clocks, the UPA Interface runs at the UPA clock
speed, and the rest of the U2S runs at the U2S clock speed (which is twice the
SBUS frequency). All the FIFOs are therefore written and read on two different
clocks and signals going between the clock domains have to be synchronized. A
full handshaking circuit is used to synchronize the signals going between the two
clock domains.

RS

ﬂDﬁD QLA b ol ASL 5 Q% CLR

OKZRD( ([/ o o BS2 o o o D Gf
7

—1>CLK CLK CLK
F T CLK2
B

CLK CLK CLK

CLK1

Figure 9-1 Full Handshaking Circuit
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9. UPA Reply Control

UPA Reply - Top Level View

PIO WRFIFO PWRD
764
] | ECC |64 ERR PIO_WR_ERR
> CHCK ACC >
LOGIC DMA_RDFIFO 55 pp
—> / >
65
RAW_ERR ’
UPA _|D(71.0)
<+
PIO_RD FIFO
72 | ECC 64
¢ 7 GEN [¢ 7

72
—<}<— «—
DMA_WR FIFO

<
72 ECC 64
7 GEN [¢ 7
S_REPLY(4:0) P1O FIFO controls >
g UPA REPLY
P_REPLY(4:0)
< CONTROL DMA FIFO controls >

Figure 9-2 UPA Reply High Level Block Diagram
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9.3 Signal Descriptions

Table 9-1 DMA Write Interface Signals
Signal Name Signals 1/0 Description

UMT_WS_ 1 | Write enable for the data FIFO

UMT_8B_ 1 | Only 8 bytes are inserted in the data FIFO

UMT_32B_ 1 | 32 bytes of data are valid in the data FIFO

UMT_DFL_ 1 (0] Status of DMA_WR data buffer

S2U_DDG 72 | DMA Write Data including the check bits

Table 9-2 DMA Read Interface signals
Signal Name Signals 1/0 Description

UMR_RS_ 1 | Read enable for FIFO

UMR_RW 1 | Indicates whether it is a read or write trans-
action

uU2s_DD 65 (0] DMA Read Data along with the error bit
(UE)

DRD_TRAN 1 (0] Indicates a DMA_RD transaction is progress-
ing

PHADDR_DMA 41 (0] Physical address of the DMA_RD transaction

UMR_SZ 3 | Size of the DMA_RD transaction
(this is received in the SIOCLK domain)

UMR_C 1 | Indicates whether the DMA transaction was
cacheable or not

DRD_Sz 3 (0] Size of the DMA_RD transaction
(this is sent to ECC unit in the UPACLK
domain)

DMA_SRPLY 1 DMA related S_REPLY

DADX_VLD_PEND 1 This indicates when the address is valid for
the DMA_RD UE

U2S_DA 41 | Physical address of the DMA transaction
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Table 9-3 PIO Write Interface Signals

Signal Name Signals 1/0 Description

USR_WDV_ 1 (0] Indicates that the data is present in
the PIO_WR data FIFO

USR_RS_ 1 | Read enable for the PIO_WR data
FIFO

PWR_D 64 (0] PIO Write Data

USR_GNT_ 1 | Indicates that an entry has been
read in the U2S FIFO

U2S_RS 1 (0] Reader for the U2S FIFO

USR_RW 1 | Indicates whether it is a read or

write transaction

USR_WDE_ 2 (0] Indicates that there is a an error
(UE) in the data

PWR_TRAN 1 (0] Indicates that a PIO_WR transaction
is progressing

Table 9-4 PIO Read Interface Signals

Signal Name Signals 1/0 Description

UST_WS_ 1 | Write enable for the data FIFO

UST_8B_ 1 | Only 8 bytes have been inserted into
the data FIFO

UST_DFL_ 1 (0] Indicates that the PIO_RD data
FIFO is full

S2U_PDG 72 | PIO Read Data including the check
bits
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Table 9-5 Miscellaneous
Signal Name Signals 1/0 Description

O_UPA_D 72 (0] UPA Data output before the output
register

UPADOE_B 64 (0] Data Output Enable

ECCDOE_B 8 (0] UPA ECC data output enable

UPADLD_D1B_ 64 (0] UPA Data input register load enable

ECCDLD_D1B_ 8 (0] ECC Data input register load enable

WRD_CNT 3 (0] Keeps track of which word in a
block is being checked

ECC_VLD 1 (0] ECC valid for the incoming data

|_ECC_VLD 1 | ECC valid for incoming data (valid
only with S_REPLY)

DATA_VLD 1 (0] Data valid to qualify UE or CE

I_UPA_DTST 1 | UPA Data stall

UE 1 | Raw non-correctable error from
ECC unit

CE 1 | Raw correctable error from ECC
unit

ECC_CD 64 | Corrected data from the ECC unit

FSR_RDY_ 1 (0] Fault register has locked the error
info

PADX_VLD_CE 1 (0] P1O address valid for correctable
error

PADX_VLD_UE 1 (0] PIO address valid for non-correct-
able error

SIOCLK 1 | U2S clock

UPACLK 1 | UPA clock

SIORST_ 1 | Reset with respect to U2S clock

UPARST _ 1 | Reset with respect to UPA clock
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Table 9-6 P_REPLY signals

Signal Name Signals 1/0 Description

O_P_REPLY 5 O P_REPLY to the SC (before the output regis-
ter)

UST_HS_ 1 | Indicates that a P_REPLY for PIO has to be
generated

UST_HFL_ 1 O Cannot accept any P_REPLY

P_PHDR 15 | Information to generate the right P_REPLY
P_HDR[14:10] = MID
P_HDRJ[9] = CLASS
P_HDRI[8:5] = TRAN_TYPE
P_HDRJ[4] = INVALID SIZE
P_HDR[3] = HDR_PERR
P_HDRJ[2] = SBM_PERR
P_HDR[1] = SBM_RTO
P_HDRJ[0] = SBM_ERRV_

Table 9-7 S_REPLY signals

Signal Name Signals 1/0 Description

I_S_REPLY 5 | S_REPLY from SC after the input register

S_REPLY_HDR 2 (0] Output of S_REPLY FIFO
S_REPLY_HDR[1] =ERR
S_REPLY_HDRI[0] = Data present or write
ACK

UPA_RPL_ 1 (@) Indicates that a S _Reply has been received

UPA_RPA_ 1 | Asserted when an entry in the S_REPLY
FIFO has been acknowledged

MODE_BIT 1 | Indicates whether the UPA is running in a

slow or fast mode

Sun Microelectronics

145



U2S User’s Manual

9.4 UPA Reply Functional Description

The transaction set is composed of four components viz. P_REQ, S_REQ,
P_REPLY and S_REPLY. P_REQ is generated by a UPA port and serviced by the
System Controller (SC). The SC forwards the P_REQ to a slave UPA port if the
address is in the address space of the slave UPA port.

S_REPLY and P_REPLY are acknowledgments, and constitute the reliable end-to-
end transaction delivery mechanism in the interconnect. The replies are carried
on unidirectional point-to-point wires between the SC and each UPA port.

The U2S header FIFO (described more in the UPA Master/Slave document) is
only two deep. This FIFO stores the Requests received from the UPA Address
bus. It can store two transactions.

The S2U header FIFO (described more in the UPA Master/Slave document) is
also only two deep. There can be only one outstanding DMA_RD and one out-
standing DMA_WR. It is limited to one read or write due to the availability of
only one 64 byte buffer for read data and another single 64 byte buffer for write
data. There is however an exception where two DMA_WR requests can be out-
standing. This is when a 32 byte write request from SBUS is launched. In this
case, the 32 byte request is broken into two 16 byte requests on the UPA.

9.4.1 Typeof Requests, S REPLY and P_REPLY

The following tables specify the legal request/reply combinations for U2S.

Table 9-8 U2S Requests - PIO Read Requests

REQUEST P_REPLY S_REPLY
P_NCRD_REQ P_RAS | P_RERR | P_FERR | P_RTO S_SRS
P_NCBRD_REQ P_RAB | P_RERR | P_FERR | P_RTO S_SRB

Table 9-9 U2S Requests- PIO Write requests

REQUEST S_REPLY P_REPLY
P_NCWR_REQ S_SWS P_WAS | P_FERR
P_NCBWR_REQ S_SWB P_WAB | P_FERR
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Table 9-10 S2U Requests - DMA Read Requests
REQUEST S_REPLY P_REPLY
P_RDD_REQ S RBS | S_ERR | S_RTO none
P_RDO_REQ S RBU | S_ERR | S_RTO none
P_NCRD_REQ S RAS | S_ERR | S_RTO none
P_NCBRD_REQ S RBU | S_ERR | S_RTO none
Table 9-11 S2U Requests - DMA Write Requests
REQUEST S_REPLY P_REPLY
P_WRB_REQ S_WAB none
P_WRI_REQ S_WAB none
P_NCWR_REQ S_WAS none
P_NCBWR_REQ S_WAB none
P_INT_REQ S_WAB | S_INAK none

The UPA interface on the U2S could get two types of data from the UPA_Data
bus. One could be the PIO_WR data and the other could be the DMA_RD reply

data. The PIO_WR FSM and DMA_RD FSM handle the transfer of data from the
UPA _Data bus to the respective FIFOs. The S_REPLY encoding determines which
type of data is arriving. When the PIO controller unit has removed the data from
the PIO_WR FIFO, a P_REPLY is sent to the SC indicating the same.

The U2S could send DMA_WR data or PIO_RD data on the UPA_Data bus. The
SC sends an S_REPLY (in response to a P_REPLY -for PIO_RD- or DMA_WR re-
guest sent by the U2S) which signals to the respective state machines, DMA_WR
or PIO_RD, to start driving the data. The state machines are described in more
detail in Section 9.4.4, “DMA_WR FSM,” Section 9.4.5, “PIO_RD FSM Data trans-
fer from the FIFO to the UPA_D bus,” and Section 9.4.8, “PIO_RD and DMA_WR
Data transfer from the respective controller units to the FIFO.”
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9.4.2 PIO_WRFSM

This state machine handles the transfer of data from the UPA Data Bus to the
PIO_WR data FIFO associated with PIO_WR requests. SC issues S_SWS or
S_SWB reply to U2S data from the UPA_Data bus. The S_REPLY from the SC is
decoded to determine whether it is al6 byte write (S_SWS) or 64 byte write
(S_SWB). The data first passes through the ECC checking unit before it enters the

FIFO. The ECC result is logged only after all the data from that transaction has
been checked.

9.4.2.1 PIO_WR FSM Block Diagram

S_REPLY
> USR_WS_
o e
PWRERR_WS
FSM ’
NEW_TRAN
l USR_WS_
RAW_ERR_UE
—
RAW_ERR_CE ERROR L,
— ¥ ACCUMULATION PWR_UE
LOGIC L,
NEW_TRAN PWRCE

Figure 9-3 FSM Block Diagram
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NEW_TRAN RawW ERR ﬂ

USR_WS

Figure 9-4 Error Accumulation Logic

9.4.3 DMA_RD FSM

DMA_RD requests are sent by U2S to the SC through the S2U_A FIFO. The SC
then provides the data with a S_RAS or S_RBU or S_RBS reply. The DMA_RD
FSM handles the transfer of data associated with DMA_RD replies. When this
state machine detects the relevant S_REPLY (S_RAS or S_RBU or S_RBS) from the
SC, the S_REPLY is further decoded to determine whether it is a 16 byte or 64
byte transfer. The data first passes through the ECC checking unit before it enters
the FIFO. The ECC result is logged along with the data in the FIFO.

9.4.4 DMA_WR FSM

This state machine handles the transfer of data from the DVMA_WR data FIFO to
the UPA_Data bus. When the SC receives a DMA_WR request from the U2S, it
sends S_WAB (16 byte write) or S_WAS (64 byte write) to indicate that the U2S
can start driving the data. When only 8 bytes of data are inserted into the
DMA_WR data FIFO, UMT_8B__is asserted, which indicates the state machine to
duplicate the same 8 bytes in the second cycle of data transfer. When 32 bytes of
data are inserted (for a 32 byte DMA Non cached Write request from SBUS), the
corresponding request is split as two 16 byte NCWR requests, and the data is
drained accordingly for the two S_REPLYs received. If the DMA_WR request was
an interrupt request, the SC could reply with S_INAK (indicating that there is no
room in the destination UPA port to accept the mondo vector). The S_REPLY is
therefore decoded to transition to the proper state (WRS or WRB or ABRT). When
the S_REPLY decodes to a S_INAK, the FIFO has to be drained but the output
buffers are not driven.
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9.4.5 PIO_RD FSM Data transfer from the FIFO to the UPA_D bus

This state machine handles the transfer of data from the PIO_RD data FIFO to the
UPA Data bus. When SC sends S_SRS or S_SRB, it signals the U2S to drive
PIO_RD data on the UPA_Data bus. The S_REPLY is decoded to determine
whether it is a 16 byte write or 64 byte write. When only 8 bytes of data are in-
serted into the PIO_RD data FIFO, UST_8B_ is asserted which directs the state
machine to duplicate the 8 bytes in the second cycle of data transfer.

9.4.6 PIO_WR Data transfer from the FIFO to the PIO controller unit

The PIO controller unit gets a data valid signal (this is sent when all the data has
been checked through the ECC unit). If it was a 64 byte PIO_WR for example,
data valid is asserted only after all 64 bytes have been checked for ECC errors.
The USR_RS _would advance the head pointer in the PIO_WR data FIFO.

9.4.7 DMA_RD Data transfer from the FIFO to the DMA controller unit

The S_REPLY is decoded and if it decodes to a DMA type S_REPLY it is inserted
into the S_REPLY FIFO. The DMA controller unit then reads the data from the
DMA_RD FIFO. The UMR_RS_ advances the head pointer in the DMA_RD data
FIFO.

9.4.8 PIO_RD and DMA_WR Data transfer from the respective

controller units to the FIFO

The P1O or DMA controller unit will transfer data to the PIO_RD or DVMA_WR
data FIFO respectively. The PIO_RD data FIFO is written into when UST_WS_is
asserted. The DMA_WR data FIFO is written into when UMT_WS_ is asserted.
Along with the data arrival the P1O controller unit sends information about the
packet to generate the P_REPLY for PIO_RD.
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UST_WS_
PIO_RD FIFO
Data 72
«— « ECC | 4,
GENERATE
UMT_WS_
DMA_WR FIFO
72 72 , Data
< ECC
4+ < 64
GENERATE

Figure 9-5 Data path flow from controller units to FIFO

949 P_REPLY

The P_Reply signals to the System Controller the status of previous requests. In a
two cycle P_REPLY packet, the first cycle contains the P_REPLY type and the
class bit. The second cycle contains the MID of the requesting UPA master port to

which this is a reply for.

In a single cycle P_REPLY, the second cycle is dropped.

4

3 Class 4
Encoding(3:0)

0 0

Cycle 1 Cycle 2

Master ID (4:0)

Figure 9-6 P_REPLY FORMAT
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The information needed to generate the right P_REPLY is sent by the bus control-
ler unit on P_PHDR. This is decoded to format the right P_REPLY.

PRPL_1 s
P_PHDR 15
DECODER
PRPL 2 5
%L’
Figure 9-7 P_REPLY Decoder
9.4.9.1 P_REPLY FSM Block Diagram
P_REPLY Dg | : P REPLY
P_REPLY
P_PIO_GEN _
FSM
PRPL_L 5,
PRPL_2
RST_PFIFO_ |

Figure 9-8 FSM Block Diagram
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9.4.10 S_REPLY

The S_REPLY is the acknowledgment generated by SC to a UPA port. The SC ob-
serves strong ordering within each class and delivers the S_REPLY in the same
order as the requests sent to it.

The S_REPLY for DMA transactions are queued so that the DMA controller unit
can take the proper action to clear its scoreboard. A two bit FIFO maintains the
result of the S_REPLY. When an S_REPLY is received from SC, it is decoded to de-
termine whether it should be put in the FIFO since only DMA type replies need
be seen by the DMA controller unit.

S_REPLY for DMA_RDs could be S_ RERR |S_RTO (error) or S_RBU | S_RAS
(data is arriving). S_ REPLY_HDR[1] logs if there is an error or not.
S_REPLY_HDR[0] indicates whether there is data or not. S_REPLY_D is the data
bus into the FIFO.

S_REPLY for DMA_WRs could be S_WAS |S_WAB (write acknowledge) or
S_INAK (mondo vector Nack).

S _REPLY_HI[0] logs if the write was an ACK or Nack. In writes S_ REPLY_H[1] bit
has no role.

On DMA_RD Replies, the arrival of an S_REPLY indicates that data will arrive in
the following cycles. Data is written into the FIFO in UPA clock and read out in
the U2S clock. If the U2S clock is substantially faster than the UPA clock, the
DMA controller could start reading the FIFO before all data has arrived there. To
solve this problem, there is a programmable bit called the MODE bit in the U2S
control register (see Chapter 4, “Programming Model”), which indicates whether
the UPA is running in the fast or slow mode. In the slow mode, the S_REPLY is
written into the FIFO delayed by ten UPA clocks (if it is a 64 byte data transfer ac-
counting for two cycles of data stall) to ensure that all the data has arrived in the
DMA_RD FIFO before the DMA controller starts reading the data. There is an ad-
ditional restriction that when UPA is running slower than the U2S clock, we can
have only one outstanding DMA request.

Sun Microelectronics
153



U2S User’s Manual

MODE_BIT
S_REPLY WREN - FIFO_EMPTY UPA_RPL_
FIFO LL »>
—®) |S_REPLY
CTRL Ly r S_REPLY_HDR 2
FIFO >
LOGIC| >
2 > UPA_RPA_
Figure 9-9 S_REPLY Block Diagram
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Ultra SPARC System ECC 10

10.1 Definition of Terms

® CE: Correctable Error

® UE: Uncorrectable Error

® ECC: Error Correction Code

10.2 Overview

All UPA data transfers (except certain ports like the graphics port) in the
UltraSPARC system are ECC protected. ECC generation is always enabled. ECC
checking can be disabled through the ECC Control Register. The ECC is generat-
ed by the Master on writes and checked by the Master on reads. The slave stores
ECC with the data (for example: if the slave is a memory) or must generate ECC
when read.

ECC hardware is common among all UPA ports. However, the error
handling mechanism will be different between processor and 10

All UPA data transfers (except when the Graphics port delivers data) carry
ECC. It is either obtained from storage (for example: DRAM), or generated
by the interface providing the data (Processor, UDB chips, U2S)

ECC is done on a 64-bit data boundary with 8 Check Bits

ECC implements SEC/DED/SAED error correction code. This code corrects
any single-bit error, detects any two-bit errors, and detects three or four bit
errors within a nibble

Memory is always cacheable so partial writes to memory are not allowed
When a correctable error is detected, the corrected data is delivered to the
requesting master. Software must update the main memory with the
corrected data if the data source is from the memory

Memory scrubbing will be done through software. No hardware scrub is
supported
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10.2.1 ECC Overview

The major blocks of ECC are:
< Syndrome Generator for SEC/DED/S4ED code

e Error Detection

= Error Decode and Correction
< Configuration Registers and Mondo Vector Generation

Ecc_cp PIOWRFIFO
— > ‘ ‘ ‘ ‘ } PWR D 64 >
*% 2/y  EcC 64
Check DMA RD FIFO
> [ s
PIORDFIFO  S2U_PDG S2U_PD
— [T ] J«—% ECC e84,
_<‘ 72 GEN
> DMA WR FIFO SZU_D7DZG — SZL:SZDD
T %] &5

Figure 10-1  Interface Block Diagram of ECC Unit
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10.2.2 Overview Block Diagram of the ECC Unit

S2U_DD g5 R
> ECC $2U_DDG
GENERATE BLOCK
S2U_PD ¢4
> ECC S2U_PDG -,
PRD_FRC_ERR  _ GENERATE BLOCK
UPA CD ¢4
SYNDROMEg
UPA_ D g,
—% P
PADX_VLD_UE
e
ECC PWR_TRAN UE_INT
4> — —
%)Dﬁh» DETECT/CORRECT | ¢ MONDO UNIT
DADX_VLD UE
Eccen ) )ADX VLD | UEFSR_LD
DRD_TRAN
—\CE_, CE_INT_
e
PADX VLD CE | CEFAR_LD
MONDO UNIT
PWR_TRAN
= FOR | CEFSR LD
DADX_VLD CE
— ="y
UEFSR D 64 ) DRD_TRAN
—4’
UEFAR D 41
—/P
CEFSR D 64 ECC_RDY
CEFARD 41,4/  programming
ECCAS. Registers ECC_PD g4
= 0%/
u2s_PD
%L’
U2S PA 10, )
ECC_RW
L

Figure 10-2  Block Diagram of ECC Unit
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10.3 Signal Descriptions

Table 10-1 ECC Detect/Correct Signals

Signal Name Signals 1/0 Description

UPACLK 1 | UPA clock (83 Mhz)

SIOCLK 1 | U2S clock (50Mhz)

SIORST_ 1 | U2S clock reset

UPARST_ 1 | UPA clock reset

ECC_RW 1 | Read/Write control for the ECC configuration registers

U2S_PA 41 | Specifies address to read or write or the PIO fault
address

ECC_AS_ 1 | Address strobe to indicate when U2S_PA is valid

ECC_RDY_ 1 (0] When asserted, indicates that ECC has driven valid
data in response to PIO read operation

u2s PD 64 | PIO write data

ECC_PD 64 (0] PIO read data

UMT_WS_ 1 | DMA Write Data valid

UST_WS_ 1 | PIO Read Data valid

PHADDR_DMA 41 | 41 bit DMA address to be sent as part of the Mondo
vector packet

UE_INT_ 1 (0] To signal Mondo dispatch arbiter that ECC has a
mondo vector related to UE to send

CE_INT_ 1 (0] To signal Mondo dispatch arbiter that ECC has a
mondo vector related to CE to send

UE_VLD 1 (0] Indicates an uncorrectable error when asserted

CE_VLD 1 (0] Same as UE_VLD but indicates correctable error

I_UPA_D 72 | Data bus from UPA after the Input Register

UPA_CD 64 (0] Corrected data from the ECC check unit

PWR_TRAN 1 | P10 Write Transaction taking place

DRD_TRAN 1 | DMA Read Transaction taking place

S2U_DD 65 | Incoming DMA_WR data
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Table 10-1 ECC Detect/Correct Signals

Signal Name Signals 1/0 Description

S2U_PD 64 | Incoming PIO_RD data

PRD_FRC_ERR 1 | Force bad ECC on P10 read data

S2U_PDG 72 (@) Outgoing PIO_RD data with check bits

S2U_DDG 72 (@) Outgoing DMA_WR data with check bits

PADX_VLD_UE 1 | PIO address valid for UE

PADX _VLD_CE 1 | PIO address valid for CE

DADX_VLD 1 | DMA address valid

ECC_VLD 1 | Indicates whether the data has valid ECC

DATA_VLD 1 | Data valid to qualify UE and CE

PIO_MID 5 | MID of the P1O Write transaction

MID 5 | U2S MID (for recording DMA_RD error) transaction

USR_SZ 3 | Size of transaction for P1O Write

DRD_Sz 3 | Size of transaction for DMA Read

RTO_RRP_ 1 | Indicates that it is a partial DMA write

WRD_CNT 3 | Indicates which line of the 16 bytes or 64 bytes is being
checked
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10.3.1 ECC Code

UltraSPARC micro-processors implement a SEC/DED/S4ED error correction
code based on a paper by Kaneda (IEEE Trans. on Computers, Aug 84). This code
provides correction of any single-bit error on a 64-bit data and 8 check bits. In ad-
dition, it provides detection of any two-bit errors, as well as three or four bit er-
rors within a nibble.

Table 10-2 SEC/DED/S4ED Syndrome Encoding

S7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
S6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1
S5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1
S4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
S3 82 S1 SO
0 0 0O * Cc4 C5 D Cé6 D D T Cc7 D D T D T T Q
0 0 01 Co D D 00 D 25 M D D 05 17 D 08 D D 12
0 0 10 C1 D D 01 D 29 36 D M 21 D 13 D D 09
0 0 11 D 32 33 D 42 D D M 47 D D M D T T D
01 00 C2 D D 10 D 27 07 D D M 19 D 02 D D 14
01 01 D 57 61 D 59 D M 63 D M D M M D
01 10 D M 04 39 D 22 M D 30 D 16 | 24
0 1 11 T D D M D 54 D D 50 D T D D M
1 0 00 C3 D 15 31 M D 38 23 D 03 D D 11
1 0 01 D 37 D M D D 18 06 D 26 D 20 | 28 D
1 0 10 D 49 53 D 51 Q D M 55 D Q M D M M D
1 0 11 T D D M D M 62 D D 58 M D T D D M
1 1 00 D 40 45 D 34 D D T 35 D D T D M M D
1 1 01 T D D T D M 48 D D 52 M D M D D M
1 1 10 T D T M 56 D 60 M D M D D M
1 1 11 Q 44 41 D 46 D D M 43 D D M D M M Q

The 8 bit SYNDROME[7:0] field is interpreted as follows:
* - no error
Number - the bit number of single error (refers to the 64-bit data)
C-number - the bit number of single error (refers to the 8 check bits)
D - double-bit error
T - triple-bit error
Q - quadruple-bit error
M - more than 4 errors
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10.4 ECC Functional Description
10.4.1 ECC Check Description

10.4.1.1 Overview

ECC Check circuit is used to check correctness of UPA data. Specifically for U2S,
it is active only during PIO Write and DVMA Read operations.

Correction can be disabled through a configuration register whereas ECC genera-
tion is always turned on. Any single-bit error can be detected and corrected. Any
double-bit errors can be detected. In addition, three-bit or four-bit errors can be
detected as well, provided all the bits reside in the same nibble.

Upon receiving data from the UPA, the ECC Check circuit starts by calculating its
8-bit syndrome. If any one of the 8-syndrome bits happens to be a “1”, then either
the incoming data or the check-bit is incorrect. The actual number and the posi-

tion of the errors are encoded according to the Syndrome Encoding table provid-
ed above. The Correctable Error (CE) flag will be set, if there is exactly one error
in the data. On the other hand, the Uncorrectable Error (UE) will be set if there is
more than one error.

If correction is enabled, the syndrome bits generated above will be decoded to
determine which bit from the entire 72-bit entity is wrong, if there is any. The
data will be corrected if it has exactly one bit error. Multiple bits error, when de-
tectable using the SEC/DED/S4ED code, will simply be reported.

During PIO Write and a DVMA RD, both CE and UE will trigger U2S to send an
interrupt to the processor. The fault address, syndrome bits and other informa-
tion relevant to the error will be stored in FSR and FAR registers. The processor
can then do a PIO read on these registers.
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10.4.1.2 ECC Check Block Diagram

UE
e
RS, SYNDROME
“ > » GENERATE | 8 ERROR
DATA > »| DETECT ERROR |ECC_INT_
( ) CTRL [ >
AND
- > FsMm
»
CE
L =
>
[ ERROR
pecope/ | ECC-CP gy
UPAD | g CORRECT
_ | >
(CB)
Figure 10-3  Check Block Diagram
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10.4.2 ECC General Description

10.4.2.1 Overview

ECC Generate circuit is used to generate syndrome/check bits for the UPA data.
Specifically for U2S it is active only during PIO Read and DVMA Write opera-
tions. 8 bits of syndrome is generated per 64-bit data boundary and 8 check bits.
Since U2S does not maintain ECC in its internal datapath, the 8 redundant bits
for the ECC wiill be forced to zeros in order to generate the syndrome bits.

Check bits generation in U2S is always turned on whenever there is a PIO Read
or DVMA Write. All data originating from the SBus is CRC-checked by the SBus
logic. As such, the ECC Generate circuit always assumes error-free data whenev-
er it is instructed to generate ECC. In other words, the only function of ECC Gen-
erate circuit is to generate check bits; it doesn’t have anything to do with error
checking. There are certain exceptions however when we force bad ECC on the
outgoing data.

The first case is as follows: The U2S issues a Read to Own transaction on the UPA
in order to do a partial write. The data received from memory has a bad ECC on
one of the eight bytes. The data which needs to be merged does not overwrite the
eight byte data which has the bad ECC. In this case we would force bad ECC on
the data which originally was corrupt. However if we happen to overwrite the
data which happened to have bad ECC, then correct ECC is generated.

The second case is as follows: If a parity error is detected on PIO read data, we
force bad ECC on the corresponding data when sending out to the UPA.
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10.4.2.2 ECC Generate Block Diagram

S2U_D 64 Data g4

> 2 [\ g Eccop
Syndrome |8 6 (CB)
GROUND LA

A 4

CB Generate

8 q A
v

g4 ECC_OD

v

S2U_D[64]

i

Figure 10-4 ECC Generate Block Diagram

10.5 ECC Mondo Vector Unit Description

10.5.1 Overview

The main function of this block is to request and send interrupts in the event of a
correctable or uncorrectable error on PIO Writes and DVMA Reads. The ECC has
two Mondo units, one to handle UE and one for CE. The main function of this
unit is to log the address and status of the error and to send an interrupt to the
Mondo Dispatch unit. The FSM described in Section 10.5.2, “FSM Block Dia-
gram,” is instantiated twice, one to handle UE and another to handle CE.
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10.5.2 FSM Block Diagram

ERROR FSR_LD
— > 5
PWR_TRAN
— P
PADX_VLD FAR_LD
— >

ECC
DRD_TRAN| MONDO FSM
—»
DADX_VLD ECC_INT_
——p
—>

Figure 10-5 FSM Block Diagram
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10.5.3 State Diagram

DMA_AD)D

Figure 10-6
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10.6 PIO Logic Descriptions

The PIO block monitors diagnostics access into the ECC configuration registers.

10.6.1 Block Diagram of PIO Logic

10. Ultra SPARC System ECC

U2s A 4 ADDR
7 DEC
RS CA'|"\IR[|)_ CONTROL REGISTER
R CTRL LD ¢ >
» LD
UEFAR REGISTER
UE UEFAR_D D
»
MoONDoO | _FAR_LD » LD i ECC_PD
>
FSM — >
UEFSR D UEFSR REGISTER
FsRD - %D —
LD
CEFAR D CEFAR REGISTER
CE FAR_LD D >
LD
MONDO
FSM CEFSR REGISTER
CEFSR_D D >
FSR_LD D
Figure 10-7  Block Diagram of PIO logic
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DMA Merge Buffer 11

11.1 Definition of Terms

Abbreviations, TLAs and ETLAs used in this section:

DCC: Merge Buffer (formerly known as DMA Cache)
RMW: Read-Modify-Write

SC: System Controller ASIC

DVMA: Direct Virtual Memory Access (Sun’s version of DMA)
PI1O: Programmed Input/Output

UPA: Universal Port Architecture

Line: 64 bytes, the cache line-size

Sub-line: Any access which is less than 64 bytes in size
WL: A DMA Write of 64 Bytes (Write Line)

WS: A DMA Write of less than 64 Bytes (Write Sub-line)
RD: A DMA Read of any size

RTO: UPA Read-to-Own

RTD: UPA Read-to-Discard

WB: A cache initiated Writeback on UPA

WI: UPA Write-Invalidate

CB: Generic Copyback Request from the SC

CBI: Copyback-Invalidate from the SC

CBS: Copyback-to-Share from the SC

CBD: Copyback-to-Discard from the SC

INV: Invalidate Request from the SC

DVMA is synonymous with DMA
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Prefixes to Signal Names

U2S - UPA to SBus buses (address and data)
S2U - SBus to UPA buses (address and data)
DCC - Merge Buffer (was DMA Cache)
MDU - Mondo Dispatch Unit

MMU - IOMMU

SBM - SBus Module

STC - Streaming Cache

Example of Signal Names

U2S_PA - UPA to SBus PIO Address bus
U2S _PD - UPA to SBus PIO Data bus

U2S DA - UPA to SBus DMA Address bus
U2S DD - UPA to SBus DMA Data bus
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11.2 DMA Merge Buffer Overview

Main memory in the UltraSPARC architecture is only accessible in cached 64-byte
guantities. DMA devices (particularly older ones on the SBus) often need to ac-
cess less than 64 bytes at a time. For DMA reads, this is not a problem; the U2S
reads the entire 64-byte line and discards what is not needed. However for DMA
writes the U2S must first read the line, then, merge in the new data and finally
write the result to memory.

To reduce complexity and save chip real estate and verification time, the Merge
Buffer will write the merged data immediately back to memory upon receiving
the 64 byte line from the UPA. The SC will block all subsequent accesses to that
line until the U2S has completed the Writeback. This allows the U2S to perform
partial writes to cacheable memory without having to participate in the system
coherency scheme. Since the SC blocks all requests to that line, the U2S will never
receive Copybacks and Invalidates for that line.

UPA Interface
S_REPLY
S2U_DA ’
S2U Header - ¢
« 41 " §
Read-to-Owns and Writebﬁ‘ks—L SBus
Module
Merge DMA Write s
Buffer Sub-lines
_64
Read-to-Own
Writeback
uU2s DD
DMA RD FIFO - ggz:‘
11T >
DMA WR FIFO S2U_DD
[I1]+ >

Figure 11-1

Merge Buffer Overview
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11.3 Functional Description

The Merge Buffer’s role is to service sub-line (less than 64 Bytes) writes. The basic
operations the DCC must perform are listed below:

< Merge data from sub-line writes into a 64 Byte cache line
= Write the line back to Memory

This section is divided into four main parts:

= Section 11.3.1, “Cache Coherency Protocol,” gives a brief overview of the
cache coherency protocol used in the system and how the U2S uses a
subset of this protocol

= Section 11.3.2, “Operation,” gives an explanation of the Merge Buffer’s
operation

= Section 11.3.3, “Servicing DMA Partial Write Requests,”describes how the
Merge Buffer handles DMA Requests

11.3.1 Cache Coherency Protocol

This section gives a brief overview of the Ultra SPARC Cache Coherence Protocol.
For a more detailed description, please refer to the UPA Interconnect Architecture
Document.

11.3.1.1 System Cache Line States

The UltraSPARC caches use a 5-state coherence protocol known as MOESI, where
the five possible etag (cache tag) states are:

< Invalid (1)

= Shared Clean (S)

= Exclusive Clean (E)

= Shared Modified (O)

= Exclusive Modified (M)

For the purpose of maintaining cache consistency via snooping, the SC chip
maintains the duplicate tags (dtags) using a 4-state coherence protocol known as
MOSI, where the four possible states are:

= Invalid (1)

e Shared Clean (S)

< Shared Modified (O)

« Exclusive & Potentially Modified (M)
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Notice that in the dtag protocol, the Exclusive Clean and Exclusive Modified
states have been merged. We are assuming that when you read a line you will
probably modify it in the future. Modifying the line will not require any addi-
tional coherence transactions.

11.3.1.2 The Merge Buffer Line States

The Merge Buffer does not participate in system coherency. Although it may tem-
porarily own a line in the M state it will never keep the line or service coherent
transactions for that line. See Section 11.3.2, “Operation,” for a further explana-
tion.

11.3.2 Operation

The Merge Buffer services only one type of request: DMA Writes of less than 64
bytes (WS) from the SBus and Streaming Cache. All other DMA activity bypasses
the Merge Buffer. It also initiates writeback requests to the UPA.

[ hl
| |
| |
Writeback ¢—! Merge Bufferly . DMA Write Sub-Line
| Controller (
| |
| |
| |
| |
| |
| |
| |
| |
Merge Buffer | ; ;
| < __ DMA Write Sub-Line
| 64 Byte SRAM :
| |
| |
|
Writeback Data4_:— |
| : Read-to-Own
| |
¢ o o |

Figure 11-2  Merge Buffer Functional Block Diagram

The Merge Buffer accepts partial write data from the SBus and Streaming Cache
and places the data into the Merge Buffer SRAM. At the same time, a Read-to-
Own for the line is issued onto the UPA.
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When the Read-to-Own data comes back from the UPA, the Merge Buffer issues a
Writeback. At the same time, it takes the Read-to-Own data from the UPA DMA
Read Fifo and merges it with the partial write data in its SRAM. The merged
block is sent as the Writeback data to the UPA DMA Write Fifo. During this time
(when the Read-to-Own data returns and the Writeback is waiting to be complet-
ed), the U2S technically owns the cache line (in the M state). However, the System
Controller makes note of this line in its transaction score-board (see SC Manual),
and blocks any subsequent transaction to that line until the Writeback completes.
Thus U2S doesn’t receive any coherent transaction for that line, and does not par-
ticipate in system coherence. After the writeback completes, all transactions
blocked to that line then proceed. Again, since U2S no longer owns the line, it
will not see any coherent traffic to that line.

The general idea here is to simplify the complexity in U2S by essential “freezing”
the line until U2S writes the data back to memory. The U2S strategy is to write
the data back as fast as possible, so that the time in which the line is “locked” is
minimal. Also, by not having to participate in system coherence, the SC does not
have to keep duplicate tags for the U2S.

Also note that during the time that the U2S issues the Read-to-Own and the time
that U2S issues the Writeback, the U2S will not issue any other master transac-
tions including interrupts. All DMA traffic to UPA is blocked until the Read-to-
Own/Writeback combination is completed.

11.3.3 Servicing DMA Partial Write Requests

11.3.3.1 Merge Buffer Policies

1. All and only WSs go through the Merge Buffer.

2. Ordering (SSO) is preserved within the U2S. To insure SSO, when the
Merge Buffer receives a WS, all DMA activity from any source is stalled
until the Writeback of the line has completed. All DMA activity includes all
DMA Reads and Writes from SBus and the Streaming Cache, Interrupts
from the Mondo Dispatch Unit, and Table Walks from the IOMMU.
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11.3.3.2 Partial Write Transaction

This section describes the servicing of a partial write by the Merge Buffer, (see the
timing diagram, Figure 11-3, “Servicing a Partial Write”). Each cycle in the illus-
tration is explained herein.

Clock Jumm

dcchs—f'|_i_|—f'

s2udd><>c>c>c><':><

dsbhs—q_irri L
N M T N T T T T T T T T T O T e
decmrq. i i b bbb
dec_rrp_ AR

dec_rps_ S | A

u2s_dd_
decrgs_ fob bbb b oPTm bbb bbb

decdd i b DK XXX XXX

A e

0123456_78910 1112131415161718192

Figure 11-3  Servicing a Partial Write

Partial Write Cycles:

1.

dcc_hs_ signals a partial write; data is clocked into the merge buffer;
dsb_hs_inserts the partial write into the DMA score-board which issues a
Read-to-Own onto the UPA; the Merge Buffer asserts dcc_stl_ to stall all
DMA activity; note that partial write data on s2u_dd varies from one to
eight cycles.

The Read-to-Own is inserted into the S2U Header Fifo.
The Merge Buffer prepares to steer the MUXs to merge the data.

dcc_mrq_ is asserted by the Merge Buffer to request the internal buses for
a Writeback.

Since all DMA activity is stalled, the Merge Buffer wins arbitration.

Waiting for Read-to-Own to come back.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Waiting for Read-to-Own to come back.

dcc_rrp_ indicates Read-to-Own data ready (note that UPA read latency
varies and is more than the two cycles shown in this example).

The Merge Buffer asserts dcc_rps_ to start taking the Read-to-Own data; it
also asserts dcc_rgs_ to inform the Bus Controller that it is starting to
transmit the Writeback data; during the next eight cycles (including this
cycle), the Merge Buffer is steering the appropriate MUXs to merge the
Read-to-Own data with the Partial Write data and sending it to the UPA
DMA Write Fifo; note that the merging is purely flow-through.

Writeback data.
Writeback data.
Writeback data.
Writeback data.
Writeback data.
Writeback data.
Writeback data.
Waiting for Writeback Ack.

dcc_wba_is asserted to indicate that the Writeback has completed on the
UPA (the UPA write latency varies and is more than the one cycle shown in
this example).

dcc_stl_is de-asserted to allow DMA activity to continue.

Note:

Partial Write Data

Two different sources of partial data include SBus WSs and Streaming Cache
flushes. In both cases, the data is contiguous. Data from the SBus is aligned and
only of size 1,2,4,8,16, or 32 bytes. Data from the Streaming cache can be
unaligned and of any size. The six LSBs of the address indicate the starting byte
of the valid data. stc_ep is the end pointer and points to the byte after the last
byte of valid data. This allows the Streaming Cache to flush partial lines with one
transaction. Note that if the line is full (64 Bytes), it goes directly to the UPA as a
Write-Invalidate.
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12

12.1 Overview

The SBus Module (SBM) provides the functionality of the IEEE P1496 (SBus)
while supporting communication between the UPA-64 and the SBus. The SBM

supports six SBus Master/Slave Slots, as well as, one SBus Slave Only Slot.

The SBM communicates with the UPA interface for servicing PIO transactions,
and communicates with the IOMMU, Streaming Cache, and the UPA interface for
servicing DVMA transactions.

IOMMU = > FEPS .
| .
Slot 3 Macio Slavio
SBus

S CACHE |< .| Interface

B SBus APC
UPA-64 |

Interface [~ SlotO | |Slot1| |Slot2

Figure 12-1  SBus Module Interface Diagram
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12.1.1 Highlight of Features Supported

= SBus Master, SBus Slave, and SBus Controller functionality (DVMA, PIO,
and Slot-to-Slot transfers)

= 6 Master/Slave slots, 1 Slave slot

= 32-bit and 64-bit Extended Transfer Mode

= SBus parity

= Consistent and Streaming Mode Access

= Round-robin SBus Arbitration

= Transfer sizes of 1, 2, 4, 8, 16, 32, and 64 bytes are supported
= One Slot Configuration Register per SBus Slot

< DVMA access to Slot Configuration Register

= DVMA Translation, Bypass, and Pass-through modes

= Burst to non-Burst PIO device transfers

= Slot-to-slot transfers on the same SBus supported; No Inter-SBus
transactions are allowed (to remote SBus)

= Extended Mode Locks are not supported
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12.1.2 Functional Overview

The main blocks in the SBM include the P1O controller, the DVMA controller, and
the Address/Data path.

The PIO controller services all PIO transactions from the UPA to the SBus and to
the SBM internal registers. For a given P1O transaction to a given slot, the PI1O
controller must check the slot’s configuration register to see what PIO transaction
is supported (64 bit mode support, burst support). Then the PIO controller issues
the appropriate transaction on SBus, breaking the transaction down to smaller
size transactions if necessary.

The DVMA controller services all DVMA transactions from SBus to the UPA and
to another slot on the same SBus. It must communicate with the IOMMU for vir-
tual-to-physical address translation and to the Streaming Cache, if the device ac-
cesses a page that is streamable. The DVMA controller also handles slot-to-slot
transfers.

The Address/Data path contains the PIO RW Buffer to temporary store PIO data,
the DVMA RW Buffer to temporary store DVMA data, the SBM registers, and all
the appropriate muxes necessary to steer the address and data to and from the
SBus.

The other blocks in the SBM include the following:

< Time-Out Counters: monitoring time-out on SBus

< Reset Block: controlling SBus and SBM resets

= Arbiter: arbitrating among PIO and DVMA requests to the SBM
= a miscellaneous block
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A general block diagram of the SBM is shown in Figure 12-2, “SBM Block Dia-

gram.”
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Figure 12-2  SBM Block Diagram
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12.2 SBus Module Functional Description

The following section succinctly describes each block in the SBM. General poli-
cies and features are discussed.

12.2.1 Time-Out Counters (sbm_toc)

The Time-Out Counters monitor SB_AS_ (SBus Address Strobe) for the 255 cycle
time-out time specified in the SBus Specification. If SB_AS_ is asserted for 255
SBus clocks, a time-out condition has occurred.

For PIO transactions, this will occur if the target slot has not responded within
the time-out time. As a result, the SBM will Error Ack the slot and terminate the
transaction (for example: - deassert SB_AS _and release the SBus). For P1O Writes,
the error is logged in the SBM AFSR and AFAR (Asynchronous Fault Status and
Address Registers - see Chapter 4, “Programming Model”. For PIO Reads, the er-
ror will be reported back to the UPA as a P_RERR P_REPLY (Read Data Error).

For slot-to-slot DVMA transactions, like P1O transactions, this will occur if the
target slot has not responded within the time-out time. The SBM will Error Ack
the slot and terminate the transaction. There will be no log of the error. SBM’s
policy of slot-to-slot DVMA transactions is that it is the responsibility of the mas-
ter slot to handle errors.

For DVMA to memory, this will occur in only one case: a 64 bit mode write to the
Streaming Cache. If the write page hits in the Streaming Cache or is a 64 byte
write, then the SBM will speculatively assert SB_AS , assuming that the Stream-
ing Cache can accept the data. However, if the following, extremely rare, condi-
tions also exist, then it is possible for a time-out condition to occur: the write is a
page hit line miss in the Streaming Cache, or it is a 64 byte write; and the Stream-
ing Cache flush buffer is full; and the UPA is saturated. In this extremely rare
case, the Streaming Cache cannot accept the data since its flush buffer is full and
the UPA is so saturated that it cannot service any transactions from U2S for 255
SBus clocks. When this time-out condition occurs, the SBM will re-run the slot.
This is the only case where SBM re-runs a master.

For a summary of error handling, see Section 12.3, “Summary of Error Handling
in SBM.”
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12.2.2 Reset (sbm_reset)

There are two important resets controlled by the SBM: the SBM reset and the
SBus reset.

The SBM reset controls when the entire SBM wakes up from reset and begins pro-
cessing transactions. This reset is deasserted when both U2S reset and Slavio re-
set are deasserted.

The SBus reset is the actual reset on the SBus. It is deasserted when U2S reset is
deasserted, which is based on UPA reset.

This reset scheme is required to prevent SBM from coming out of reset until Slav-
io is ready. The typical reset sequence is as follows:

1. U2S Reset deasserted.
2. SBus Reset deasserted by SBM.
3. Slavio Reset deasserted by Slavio.

4. SBM now ready.

12.2.3 Arbiter (sbm_arb)

The Arbiter is a round-robin arbiter that arbitrates among seven sources: six
DVMA master slots, and one UPA PIO request. Only one transaction is allowed
to proceed at a time regardless if it is PIO or DVMA. This includes PIO to the
SBM registers.

The Arbiter inserts one extra dead cycle between any DVMA request followed by
any P10 request. A dead cycle is defined by SB_AS_being deasserted for two cy-
cles instead of one. This is to prevent a bus contention of a DVMA Read followed
by a PIO Write (shown in the figure below). This also makes the SB_AS_ assertion
time consistent across PIOs and DVMAs.
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12. SBus Module

0o 1 2 3
SBusClock _ =1 1 {1 1]

SB BG_ _ | .
SBLAS. .+ L
SB_D XDa@ X

bead Cycle
DVMARead |  PIO Writd

Figure 12-3  SBus Arbiter Dead Cycle

P10 Controller (sbm_pio)

The P1O Controller services PIO transactions from the UPA in a FIFO manner.
Only 1 PIO transaction is serviced at a time; no PIO transaction can bypass the
one before it. PIO data is given/taken directly to/from the UPA data FIFOs with
an intermediate 8 byte PIO RW buffer (see Address/Data Path).

A slot is assumed to support 32 bit mode PIO transfers of 1, 2, or 4 bytes. If a slot
supports more than this, the appropriate bits in the slot’s configuration register
must be set (64 bit mode, 8 byte bursts, 16 byte bursts, 32 byte bursts, 64 byte
bursts, parity).

For a given PIO size transfer, the appropriate burst size bit must be set in the con-
figuration register, else the transfer is broken down in the next lowest supported
size. The SBM automatically increments the address and provides the appropriate
data for each transaction.

Table 12-1 “Burst to Non-Burst Examples,” lists some examples (X signifies don’t
care).
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Table 12-1 Burst to non-Burst Examples

Tranpslegtion ETM 8 16 32 64 Resultant Transaction(s) on SBus
Size
8 bytes 0 1 X X X one 32 bit mode 8 byte transaction
8 bytes 0 0 X X X two 32 bit mode 4 byte transactions(!]
16 bytes 0 1 0 X X two 32 bit mode 8 byte transactions
8 bytes 1 0 X X X two 32 bit mode 4 byte transactions!!!
8 bytes 1 1 X X X one 64 bit mode 8 byte transaction
64 bytes 0 0 0 0 0 16 32 bit mode 4 byte transactions(!]
64 bytes 1 X X X 1 one 64 bite mode 64 byte transaction

1. Each 32 bit mode 4 byte transaction can also be dynamically sized down to multiple 1 or 2 byte transactions by the slave

When a transaction is broken down into smaller transactions, after each 8 bytes of
transfer, an additional dead cycle is inserted (SB_AS_ is deasserted for two cycles
as opposed to one). So, if a 32 byte transfer is broken down into eight 32 bit mode
4 byte requests, there will be a dead cycle after the 2nd, 4th, and 6th 4 byte trans-
action. This is because the PIO RW buffer is only 8 bytes and it takes U2S an extra
cycle to move the data to/from the buffer to the UPA buffers.

Also note that the PIO transaction from the UPA is kept “semi-atomic” on the
SBus. That is, even if the PIO transaction is broken down into multiple PIOs on
the SBus, they are all performed in sequence without rearbitration, allowing the
entire data to be transferred before another PIO or DVMA is allowed to take
place. The exception to this is if the slave re-runs the SBM, at which time, the
SBus is released and goes through rearbitration. At this time, DVMA can occur
before the PIO completes.
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Each time a slave reruns the SBM, the SBus is released and the P1O transaction
goes through rearbitration for the SBus. If there are no other requests, then the ex-
act same PIO transaction will be tried again, immediately. To avoid bus conten-
tion, similar to the Arbiter dead cycle condition), an extra dead cycle (SB_AS_is
deasserted for two cycles as opposed to one) is inserted between a PIO Read
transaction and a PIO Write transaction as shown below:

0 1 2 3 4

SBus Clock

B S :
SBAS
i Dead Cycle i
SB D . : ' :
PIORead ! ' PIO Write

Figure 12-4  PIO Dead Cycle

P1O Error Conditions

For PIO Writes, if an Error Ack or an invalid Ack is received, an interrupt
is sent and the error is logged in the SBM AFSR and AFAR.

For PIO Reads, if an Error Ack or an invalid Ack is received, the error is
sent back to the UPA as a P_RERR P_REPLY. If the data received from the
SBus has a parity error and the parity check bit is set in the slot
configuration register, then the data’s ECC is corrupted with a UE out to
the UPA. In addition, the error is logged in the SBus Control Register.

For all PIO transactions, a late error causes an interrupts to be sent and is
logged in the SBM AFSR and AFAR.

For PIO time-outs, see Section 12.2.1, “Time-Out Counters (sbm_toc).”

For a summary of error handling, see Section 12.3, “Summary of Error
Handling in SBM.”
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12.2.5 DVMA Controller (sbm_dvma)

The DVMA Controller services DVMA request from SBus to the UPA or to anoth-
er slot on the same SBus. Since the mode of transfer (64 bit mode, size) is speci-
fied by the device, there are no configuration bits needed for DVMA. The SBM
will process the request from the slot no matter what size and mode is requests.
SBM supports both 32 and 64 bit mode of operation, and burst sizes of 1, 2, 4, 8,
16, 32, and 64 bytes. 128 byte bursts are not supported.

The DVMA Controller services one DVMA request at a time. For each DVMA
read or write, the SBM will remain connected with the master until the transfer is
completed. Note that for reads, this includes the latency to memory and back.
The only case when the DVMA Controller will Rerun the master is explained in
Section 12.2.1, “Time-Out Counters (sbm_toc).”

Transaction Types
There are several types of DVMA, as listed below:

1. Bypass - Consistent.

2. Pass-through - Consistent.

3. Slot Configuration Register Access.
4.  Translation - Streaming.

5. Translation - Consistent.

6. Translation - Local.

7. Translation - non-Cacheable.

Sun Microelectronics

186



12. SBus Module

Note the following about the preceding DVMA types:

= Types 1, 2, and 5 are Consistent transactions which means that the data is
transferred to/from memory (cacheable space) only. Consistent transfers
use the DVMA RW ping-pong buffers (see Address/Data Path)

= Type 3 allows the slot to directly read and write its own Slot Configuration
Register

= Translation type DVMA accesses (4, 5, 6, and 7) require the IOMMU or the
Streaming Cache, or both, to specify which translation type

= Type 4 is a Streaming transaction which means that the data is transferred
to or from the Streaming Cache

= Type 6 is a local SBus slot to another slot transfer

= Type 7 is a transfer to 1/0 space on the UPA, such as to a frame buffer

When a DVMA transaction is received, the IOMMU Enable Bit, the Slot Configu-
ration Bypass Bit, and the Virtual Address determine if the transaction is of the
first three types (Bypass, Pass-through, Slot Configuration Register Access - see
the Ultra SPARC System Specification for more details). If this is the case, then
the physical address (or target register) is formed directly from the virtual ad-
dress and the Slot Configuration Register. The IOMMU and Streaming Cache are
not involved in these types of transactions.

If the transaction is not of the first three types, then the DVMA controller signals
both the IOMMU and the Streaming Cache to begin their lookups. The Streaming
Cache’s result always takes precedent over the IOMMU’s result. So, if the Stream-
ing Cache responds with a hit, then the transaction will proceed as a Streaming
Access (type 4). If the Streaming Cache responds with a miss, then the results of
the IOMMU are used.

If the IOMMU responds with a miss, then a table walk is initiated and the DVMA
transaction stalls until the IOMMU responds with the proper translation after the
table walk. The IOMMU supplies the physical address as well as the type of
transaction (4 - streaming, 5 - consistent, 6 - local, or 7 - non-cacheable).

It is possible for the following events to occur: IOMMU responds first with a
miss, SBM tells IOMMU to start table walk, Streaming Cache then responds with
a hit, DVMA transaction begins and completes to the Streaming Cache. In this
case, the IOMMU is still outstanding with a table walk. The SBM will then hold
the SBus by keeping SB_BG_ asserted after the transaction has completed until
the IOMMU responds, at which time the SBM wiill release the SBus and the next
transaction can occur.
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DVMA Error Conditions

For any translation error (such as: write to a read-only page, IOMMU table
walk miss), the SBM will Error Ack the master and terminate the
transaction

For a parity error on the virtual address or ETI of a transaction (if the
Parity Enable bit is set), the SBM will Error Ack the master and terminate
the transaction

The following error conditions apply only to DVMA from the SBus to the
SBM (for example: not local slot-to-slot transfers)

For DVMA writes, if the data has a parity error and if the Parity Enable bit
is set, the SBM will send a late error to the master, corrupt the ECC of the
data going to UPA with a UE, and log the error in the SBM Control
Register

For DVMA reads, if the data coming from the UPA has a UE, the SBM wiill
give an Error Ack to the master corresponding to the corrupted data cycle
and terminate the transaction

For local slot-to-slot transfers, only the time-out condition is monitored.
See Section 12.2.1, “Time-Out Counters (sbm_toc).” No other error
checking is performed. It is the responsibility of the master slot to “know”
which modes and sizes the slave slot supports; and it is the responsibility
of the slave slot to handle any and all errors

Also see Section 12.2.1, “Time-Out Counters (sbm_toc),” for the only time
the SBM will give a DVMA master a Rerun Ack
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12.2.6 Address/Data Path

The following is a block diagram of the Address/Data Path.

Byte
Arranging
MUX :‘ c2s_dd
» S2c_dd
u2s_dd
DMA » sbm_dd
p RW
Py u2s_pd

PIO
RW

L

sb_d D_“ >

I—  » sbm_pd

[31:0] ™ SBM -
Reg
0—>E » sbm_va
-t R
Byte 5:0
Arranging 50 PA
MUX
[40:6] |_| u2s

o _pa

Ld
mmu_pa

Figure 12-5  Address/Data Path Block Diagram
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The byte arranging MUXs are for PIO transactions only. For 1 byte PIO Writes,
the data is duplicated four times to fill the 32 bits. For 2 byte PIO Writes, the data
is duplicated two times to fill the 32 bits. For PIO Reads, the byte arranging mux
is used to pick up the data in the appropriate byte locations.

For DVMA, the SBM always responds with a 4-byte Ack for 32 bit mode transac-
tions, and an 8-byte Ack for 64 bit mode transactions, so byte arranging MUXs
are not required.

The PIO RW Buffer is an 8 byte buffer used to hold PIO Read and Write data.

The DVMA RW Buffer is a ping-pong buffer composed of two independent 64
byte buffers. They are primarily for improving the performance of consistent
DVMA writes. As one buffer is emptying to the UPA, the other buffer can accept
another DVMA write from the SBus.

Interrupt Ordering

The order of Interrupts and DVMA is guaranteed for non-streaming accesses. For
DVMA Writes, data may sit in the DVMA RW Buffers while the device asserts its
interrupt. The mechanism for insuring order is handled by a simple handshake
between the SBM and the MDU (Mondo Interrupt Unit). The MDU will assert the
signal sbm_iv_ to inform the SBM of a pending interrupt. After the DVMA RW
Buffer is emptied, the SBM then asserts sbm_ord_ to inform the MDU to go ahead
with the interrupt.

12.2.7 Other SBM Notes

The Fast SBus bit in the SBM Control Register affects the timing of PIO Reads
only. If this bit is clear, when the U2S is running slow compared to the UPA, then
the SBM will delay the sbm_eot_ signal to the UPA until the last data is pro-
cessed. Otherwise, the sbm_eot_signal is given to the UPA two cycles before the
last data is ready, allowing the UPA to give an earlier P_REPLY.

Power management in the SBM is implemented with DVMA. During Power
Down mode, if a master asserts its request (SB_BR_) and the appropriate Arbiter
Enable bits are set (ARB_EN in SBus Control Register), then the SBM will raise an
interrupt to wake up the system. The requesting master is not granted until the
system clears the WAKEUP_EN bit in the SBus Control Register (see the Ultra
SPARC System Specification for details).
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12.3 Summary of Error Handling in SBM

The following table summarizes the error handling policies of the SBM.

Table 12-2 Summary of Error Handling in SBM

Error

Action(s)

PIO Read Time-out

Error Ack the slave, terminate cycle, P_RERR P_REPLY

PIO Write Time-out

Error Ack the slave, terminate cycle, log in SBM AFSR/
AFAR

DVMA Slot-to-slot Time-out

Error Ack the slave, terminate cycle

P10 Write Error or Invalid Ack

send interrupt, log in SBM AFSR/AFAR

P10 Read Error or Invalid Ack

P_RERR P_REPLY

PIO Read Parity Error

UE on data to UPA, log in SBus Control Register

P1O Late Error

send interrupt, log in SBM AFSR/AFAR

DVMA Write Parity Error

send later error to master, UE on data to UPA, log in SBM
AFSR/AFAR

DVMA Read UE

Error Ack master

DVMA Translation Error

Error Ack master

DVMA Parity Error on Address or ETI

Error Ack master
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13.1 Overview

The SBus IOMMU performs virtual-address-to-physical-address translation dur-
ing DVMA cycles. The SBus master devices provide a 32-bit virtual address at the
beginning of DVMA transfers. The IOMMU translates it into 41 bits of physical
address.

The IOMMU consists of a Translation Look-Aside Buffer (TLB), a Translation
Storage Buffer (TSB), and a software-managed data structure. Sixteen entries of
fully-associative TLB are implemented in the U2S. TSB is a second-level lookup
table which resides in memory. Hardware performs the TSB lookup when the
translation cannot be found in the TLB. An error is returned to the device if the
TSB lookup fails to locate a valid mapping. The software managed data structure
provides information during the setup of the TSB table entry, see Chapter 4, “Pro-
gramming Model,” Table 4-21, “IOMMU Translation Table Entry (TTE).”

The SBus IOMMU supports two different page sizes, 8K and 64K. Mixed page
sizes can be used in the system, but the TSB table lookup only assumes the small-
er page size. No overlapping of pages is allowed. Bypass operation is supported
to allow devices having a translation facility to bypass IOMMU.
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13.2 Mode of Operations

Depending on the value of the MMU_EN bit of the IOMMU control register, the
BY bit of SBus Slot Configuration Register, and the SBus virtual address bits
[31:30], the IOMMU is put into different operating modes as shown in Table 13-1.

Table 13-1 IOMMU Mode of Operation

MMU_EN | BY | VA[31:30] Mode
X 1 00 Bypass
X 1 01 Slot configuration register access
1 1 1X Translation
0 1 1X Pass-through
0 0 XX Pass-through
1 0 XX Translation
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13.2.1 Translation Mode

The IOMMU is in translation mode if a translation is enabled, MMU_EN bit is
set, and the device performing transfers is not using bypass mode. When a trans-
lation is started, IOMMU hardware will perform TLB lookup first. If a TLB miss
happens, the hardware automatically starts the TSB lookup. If the TSB lookup lo-
cates a valid mapping for the virtual page, information in the TSB entry will be
loaded into the TLB and the translation continues. If the TSB lookup results in a
miss, an error will be returned to the SBus master.

The virtual address consists of two fields: virtual page number and page offset.
Page offset stays the same from virtual address to physical address. SBus IOM-
MU supports two page sizes, 8K and 64K. The conversion of virtual address to
physical address are shown below.

31 13 12 0
Virtual Page Number Page Offset

40 13 12 0
Physical Page Number Page Offset

Figure 13-1  Virtual-to-Physical-Address Translation for 8K Page Size

31 16 15 0
Virtual Page Number Page Offset

40 16 15 0
Physical Page Number Page Offset

Figure 13-2  Virtual-to-Physical-Address Translation for 64K Page Size
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13.2.2 Bypass Mode

The implementation of the IOMMU allows the SBus device have its own MMU
and bypass the IOMMU supported by the system. A device is operating in by-
pass mode if the BY bit in its slot configuration register is set and the high order
two virtual address bits, VA[31:30], are set to 00.

Although a device in bypass mode has access to the full physical address space,
it has direct access to only one gigabyte of physical address space. To access the
41-bit physical-address space of the system, high order address bits, PA[40:30],
come from the SBus Slot Configuration Register (SSCR) SEGA[40:30]. The physi-
cal address is formed by concatenating SEGA[40:30] and VA[29:00]. If the DMA
access is crossing the one Gigabyte boundary, the device needs to change the SE-
GA[40:30] to point to the next one gigabyte segment. The SEGA[40:30] is writable
by device through the DVMA access as shown in Chapter 4, “Programming Mod-
el,” Table 4-17, “SBus Slot Configuration Register (per Slot).”

A device in the 41-bit physical address space can be either cacheable or non-
cacheable. The CP bit of the SSCR controls whether a coherent transaction should
be issued to the UPA interconnect. Software should set the CP bit properly in or-
der to avoid misbehavior of the hardware.

13.2.3 Pass-Through Mode

When the IOMMU is disabled and the DVMA transfer is not in bypass mode or
accessing the SSCR, the access is considered to be in pass-through mode. Pass-
through mode allows access to the lower one or four gigabytes of memory ad-
dress space only. The high order 10 bit or 9 bit of the physical address will be
padded with 0. A DVMA access in pass-through mode will always cause a coher-
ent transaction to the UPA interconnect.

13.3 Translation Storage Buffer

Translation Storage Buffer, or TSB, is a translation table in memory. It contains
mapping information for the virtual pages. IOMMU hardware will look up this
table if a translation cannot be found in the TLB. Each entry in the table takes
eight bytes.

Several TSB table sizes are supported in the system. The size of TSB table is spec-
ified by the TSB_SIZE field of IOMMU control register. Table sizes supported are
1K, 2K, 4K, 8K, 16K, 32K, 64K, and 128K entries. Software must set up the TSB
before it allows translation to start.
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13.3.1 Translation Table Entry (TTE)

Each entry in the TSB table is called a Translation Table Entry, or TTE. The entry
contains translation information for a virtual page. The IOMMU hardware reads
in the translation information from the TTE during TLB miss. The “VALID” bitin
the entry must be set to contain valid information. Information stored in the TTE
is shown in Table 13-2.

Table 13-2 TTE Data Format

Field Bits Description
DATA_V [63] Valid bit, indicating the TTE entry has valid mapping
DATA_SIZE [61] Page size of the mapping
0=28K,1=64K
STREAM [60] Set if the page is streamable (see Chapter 14, “Streaming Cache,” for

information on the stream mode)

LOCALBUS [59] Set if the physical address points to local the SBus

DATA_SOFT_2 | [58:51] Reserved for software use

DATA_PA [40:13] Contains bits [40:13] of the physical address, some of the low order bits
are not used for the 64K page

DATA_SOFT [12:7] Reserved for software use

CACHEABLE [4] Set if this page is mapped cacheable

DATA_W [1] Set if this page is allowed to be written
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13.3.2 TSB Lookup

During the TSB lookup, the physical address for the TTE entry is formed based
on the following information:

= base address of the TSB table

= assumed page size during TSB lookup, TBW_SIZE of the IOMMU Control
Register

= the size of TSB table

The TSB Base Address Register contains the physical address of the first TTE en-
try in the TSB table. The table must be aligned on an 8K boundary regardless of
table size. The lower-order 12 bits of this register are assumed to be 0. The physi-
cal address for the entry in the TSB table is formed by adding the base address
and offset together.

40 Base Address 13 12 0
000000000000
N Offset 3 2 0
000
&
TTE Entry Physical Address

Figure 13-3  Computation of TTE Entry Address
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Offset of the TSB table is calculated based on a direct mapped TSB table. Table
13-3 shows how the offset is obtained. The lower order three bits is set to 0x0 be-

cause each entry is eight bytes in size.

Table 13-3 Offset to TSB Table
I R
(TBW_SIZE=0) -
1K 12 [VA[22:13], 000] [VA[25:16], 000]
2K 13 [VA[23:13], 000] [VA[26:16], 000]
4K 14 [VA[24:13], 000] [VA[27:16], 000]
8K 15 [VA[25:13], 000] [VA[28:16], 000]
16K 16 [VA[26:13], 000] [VA[29:16], 000]
32K 17 [VA[27:13], 000] [VA[30:16], 000]
64K 18 [VA[28:13], 000] [VA[31:16], 000]
128K 18 [VA[29:13], 000] Not allowed

The TSB_SIZE should be set to 0 if there is an 8K page size or mixed 8K and 64K
page sizes are used for DVMA mappings. Each 64K page will use up eight entries
of TTE if the TBW_SIZE is set to 0. Software must fill all eight entries with the

same information if a mixed page size is used.
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13.4 Translation Errors

Errors detected by the IOMMU during translation are reported to the SBus mas-
ter device. It is up to the SBus device to report the error. Information associated
with the erroneous transaction should also be kept in the SBus device. No system
resources are allocated for this purpose. Errors detected by IOMMU are invalid
error and protection error. An invalid error happens if the TTE read by the IOM-
MU hardware is an invalid entry. A protection error happens when a device is
trying to write to a page that has no write permission. Both errors are reported
through SBus error acknowledge.

13.5 IOMMU Demap

After the mapping between virtual address and physical address is established,
any change to the mapping information needs to demap the existing mapping be-
fore new mapping can be used by the device. Demap is required for the following
occasions: taking down existing mapping to make physical memory available to
other virtual addresses or changing access permission to a page.

During IOMMU demap, the SBus device is not allowed to use the page that is be-
ing demapped. If a device tries to access a page that is being demapped, unex-
pected results may happen. The following events are needed to demap a page in
the IOMMU.

= Flush the streaming cache if the page is marked streamable

= Update the proper TSB entry with new information

= Perform TLB flush with the virtual page number

TLB flush is initiated by writing to the IOMMU Flush Address Register with
specified virtual page number. Match criteria are different for 8K and 64K page
sizes. Hardware performing the flush will adjust match criteria based on the page
size. The matched entry in the TLB will be marked invalid.

13.6 TLB Initialization and Diagnostics

The IOMMU provides direct access to its internal resources, such as TLB Tag, TLB
Data, LRU Queue, and Match Comparison Logic: see Chapter 4, “Programming
Model,” Section 4.5, “IOMMU Registers.”

After the power is turned on the contents of IOMMU is undefined. Before any
DVMA is allowed to use the IOMMU, all TLB entries need to be invalidated. This
is done by writing 0 to the V bit in every entry of TLB Data RAM.
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14.1 Overview

The streaming cache implemented in the U2S is a small-size fully-associative
cache managed by hardware to accelerate SBus DVMA to and from memory. A
DVMA page can be mapped in consistent or stream mode. Only the page
mapped streamable DVMA is allowed to use the streaming cache.

The stream DVMA needs software maintenance. These include page invalidation,
page flush, and flush synchronization. Certain restrictions are necessary to ensure
the correctness of data and proper performance of the streaming cache.

14.2 Consistent DVMA and Stream DVMA

DVMA to and from memory can be operated in stream mode or consistent mode.
The operating mode is controlled by the S bit of the IOMMU mapping. Since the
stream property is controlled solely by the IOMMU mapping, the property is as-
signed based on the page. It is not possible to have stream and consistent mode
assigned to a page at the same time. The stream and consistent property can be
changed from time to time, but software needs to take proper action during
demap. This will be described in a later section.

14.2.1 Consistent DVMA

Consistent DVMA participates in cache coherence and does not make use of the
streaming cache. It is useful for IOPBs and cases where the overhead of managing
the streaming cache outweighs the benefits. Consistent DVMA are used during
the following DVMA transfers.

< DVMA transfer to and from memory mapped in consistent mode
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= DVMA transfer to and from memory using IOMMU bypass or pass-
through mode

< DVMA transfer to and from non-cacheable UPA address space

14.2.1.1 Consistent DVMA Write

DVMA writes to memory in consistent mode will be observed in issuing order at
the coherence domain. Write buffers are provided in the U2S for consistent write
operation. No synchronization mechanism is needed for the consistent DVMA
write buffers because interrupt is guaranteed not to surpass the previous consis-
tent write to the UPA interconnect and write ordering is maintained. No order of
completion is guaranteed between consistent DVMA write and the following op-
erations.

e Stream write
= SBus DVMA to SBus device
e PlO accesses

All consistent DVMA writes will be observed at the UPA interconnect. Since the
unit of coherency at UPA interconnect is 64 bytes and the U2S does not imple-
ment cache at the UPA domain, any consistent DVMA partial write of less than
64 bytes needs to be performed with the following operations in their respective
order.

1.  Ownership read from coherence domain.
2. Merge write data with returned data.
3. Write data into memory.

Once the U2S gets temporary ownership of the cache line, any access to the same
cache line will be blocked by the USC until the memory write is completed.
DVMA partial write to memory in consistent mode is discouraged because of the
expensive operations.

14.2.1.2 Consistent DVMA Read

During consistent DVMA read, the U2S takes a snapshot of the data from the co-
herence domain and returns the data to the SBus device. The U2S will issue a
read-to-discard UPA transaction to get the data without the transfer of owner-
ship. The read will always be 64 bytes in size. Only requested data will be re-
turned to the SBus device, remaining unused data will be thrown away.
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Data returned to the SBus master will become stale if a UPA master updates the
same memory locations with the new value. To get the latest data, the SBus de-
vice needs to perform another DVMA read.

14.2.2 Stream DVMA

The U2S provides 16 64-byte lines of read-ahead and post-write cache to speed
up stream-mode DVMA. The allocation of cache line is based on one line per vir-
tual page of 8K bytes. Although IOMMU can map a page to be 8K or 64K bytes,
the streaming cache will assume smaller size mapping. The allocation is managed
by hardware using the LRU algorithm.

Data transferred in stream mode may not be observed in issuing order. It also
needs software intervention to help force data into the coherence domain. Only
DVMA access to and from system memory is allowed to use stream mode.

14.2.2.1 Stream Read

When the SBus device starts a DVMA read, the U2S will use the SBus virtual ad-
dress to look up the streaming cache and IOMMU at the same time. If the access
results in a hit on the cache line, data will be provided directly from the stream-
ing cache. Otherwise, a line will be allocated to the page if not already done, and
data will be fetched from the coherence domain and filled into the streaming
cache. This saves the latency and reduces the consumption of UPA/memory
bandwidth of having to get data from the coherence domain on every DVMA
read.

To further enhance performance, the streaming cache will perform pre-fetch
when it senses that a current DVMA operation is going to consume the last byte
of data in the cache line. However, if the address is going to cross a page bound-
ary, prefetch is inhibited. The prefetch capability is transparent to software.

Once the data gets into the streaming cache, it will not remain coherent with the
rest of the system. Data can be overwritten at the coherence domain without the
notice of the streaming cache and therefore the DVMA master. The software
needs to make sure pages marked streamable are not sensitive to this characteris-
tic.
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14.2.2.2 Stream Write

The streaming cache acts as an accumulating write buffer for the DVMA write.
DVMA writes, with a sequentially-increasing address, will be accumulated in the
cache line. When the write reaches the end of a cache line, a flush operation will
be initiated. Doing this saves the expensive operations of a DVMA partial write
to memory.

The side-effect of buffering write is that the data may stay in the streaming cache
for a long period of time if no software mechanism exists to force the data out.
Flush and flush synchronization are needed to ensure that the consumer of data
gets the most updated information.

14.3 Streaming Cache Management

To ensure data consistency across the system, software needs to manage the
streaming cache. Operations managing the streaming cache include invalidation,
flush, and flush synchronization. Invalidation and flush are done by the same
command. It involves the PIO write to the streaming cache Page Invalidate/Flush
Register with a virtual page number provided as the PIO write data. The entry
with the matching virtual page number will be invalidated if the page is clean, or
flushed/invalidated if the page contains dirty data. Eight invalidate or flush op-
erations are needed for a 64K page since the tagging occurs on only 8K bound-
aries and it is possible to have all eight pages present in the cache.

14.3.1 Streaming Cache Invalidation

The streaming cache needs to be invalidated in the following scenarios.

= Before a device starts its first DVMA read: A cache line may be brought into
the streaming cache long before the device starts the DVMA read. If the
memory location is updated after the line is in the cache, the device is not
able to see the updated data

= When a page is demapped: The streaming cache also stores mapping
information to speed up the flush operation. The mapping information is
also used during prefetch. When a page is demapped, the mapping
information in the streaming cache needs to be invalidated also
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14.3.2 Streaming Cache Flush

Flush can be triggered by several sources as listed below. The first four in the list
are invisible to the software.

1.

End of line flush: When a DVMA write reaches the end of a cache line, the
hardware will perform a line flush if the flush buffer is available.
Otherwise, the line will stay in the cache until it is bumped out.

Non-sequential write to the same line: Any non-sequential write to a cache
line will cause the existing line to be flushed before new data can be
accepted.

Line eviction on the same page: If a line is partially filled and the device starts
writing to a new line on the same page, buffered data for the previous
write has to be flushed before new data can be accepted.

Line eviction different page: This happens when all the cache lines are used
up and when the incoming DVMA accesses a page with no line allocated
to it. If the LRU line has dirty data, it needs to be flushed before the line
can be allocated to a new page.

Software-triggered flush: Software needs to flush the streaming cache at the
end of the DVMA transfers. A software-initiated flush will never take
longer than 0.5 seconds in a properly working system. A time-out of this
duration can be used to recover from an undetectable hang.

To make sure all previous flush operations are completed at the coherence do-
main, the U2S provides a mechanism to synchronize the flush operation. The
flush synchronization involves a P1O write to the streaming cache Flush Synchro-
nization Register with the physical address of the flush flag provided as PIO
write data. Only one write of the synchronization register is required as a barrier
for all previous flush/Zinvalidate writes.

The following is a sequence of events for performing flush and synchronization:

o M w0 NP

Grab the lock of the flush flag.

Initialize (in memory) the flush flag to 0x0.
Flush dirty pages.

Synchronize flushes.

Poll the flush flag (located at the PA contained in the flush synchronization
register) until it becomes 0x1.

Release the lock of the flush flag.
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14.4 Streaming Cache Error Handling

There is no difference in reporting errors between stream DVMA and consistent
DVMA. The reader should consult the Error Handling section for more details on
error reporting. The streaming cache does not keep any error state and therefore
does not need software intervention for error management.

14.5 Software Notes

Certain limitations are imposed on the streaming cache. Some of them are for
performance reasons and some may cause misbehavior of the system. They are
listed below:

To avoid unnecessary flushes, DVMA write should use an increasing sequential
address. Using a decreasing sequential address will cause a flush operation on
every DVMA write. Jumping around lines on the same page or jumping
back and forth on the same line will increase the frequency of flushes on the
DVMA write and unnecessary prefetch during DVMA read. All these should
be avoided

Avoid address wrapping on DVMA streaming writes

To amortize the overhead of flush, it is recommended to use stream DVMA
in transferring a large amount of data instead of small chunk of data

When possible, a larger burst size should be used to maximize
performance

The streaming cache is tagged with virtual address. It does not provide
alias detection on the mappings. Two devices may have different virtual
pages that are mapped in the same physical page. If both are writing to the
same physical memory location, or if one device is reading and the other is
writing to the same memory location, the results of the operations are not
guaranteed

If the same physical page is allocated to two different DVMA devices and
their physical address spaces are not overlapped, aliasing can be used to
avoid unnecessary flushes due to interleaving accesses between two
different lines on the same page
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This chapter describes the Mondo Dispatch Unit (MDU). The MDU handles inter-
rupts from SBus and the U2S internal sources.

15.1 Definition of Terms

Trap Global registers: A dedicated set of registers provided in UltraSPARC- 1 for
servicing interrupts.

Mondo Vector: An interrupt request packet containing three 64-bit fields: PC,
DATA (PTR), and DATA.

= PC: Program Counter for the interrupt service routine

< DATA: 2 data field associated with the interrupt. These can be defined to
include the address of the transaction that erred, the contents of a status
register. The U2S does NOT send any data with interrupts

ISR: Interrupt State Register
INR: Interrupt Number Register
OBIO: On-board 10 devices

Prefixes to Signal Names
U2S - UPA to SBus buses (address and data)
S2U - SBus to UPA buses (address and data)
DCC - Merge Buffer (was DMA Cache)
MDU - Mondo Dispatch Unit
MMU - IOMMU
SBM - SBus Module
STC - Streaming Cache

Example of Signal Names
U2S_PA - UPA to SBus PIO Address bus
U2S PD - UPA to SBus PIO Data bus
U2S DA - UPA to SBus DMA Address bus
U2S_DD - UPA to SBus DMA Data bus
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15.2 Overview

The “Mondo” interrupt transfer mechanism used for the UltraSPARC system re-
duces interrupt service overhead through the use of processor and system-based
supports. On the processor side, UltraSPARC - 1 will provide a dedicated set of
registers used exclusively for servicing interrupts. This eliminates the need for
UltraSPARC - 1 to save its current register set to service an interrupt and then re-
store it later.

On the system side, requests for interrupt service are converted into interrupt re-
quest packets that are sent over the memory interconnect to the processor. An in-
terrupt packet contains a Mondo vector which has three double-words designed
to assist the processor in servicing the interrupt.

The Mondo vector approach is limited in the following ways:

= There is only one interrupt request packet that can be serviced at a time

= There is no priority level associated with Mondo vector interrupts; they are
serviced on first come, first serve basis

= Flow control must be done at the interconnect level to prevent loss of
interrupt packets
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15.2.1 Mondo Dispatch Overview

15.

Mondo Dispatch Unit

The Mondo Dispatch Unit is responsible for fielding interrupts from external
SBus sources and internal U2S sources, building the UPA Interrupt packet, and
sending the interrupt packet to the appropriate CPU.

External interrupt sources include four SBus slots, the on-board 10 devices, a
Graphics Interrupt, and the expansion UPA slot. These interrupts are concentrat-
ed in an external ASIC and present to the Mondo Unit one at a time via the inter-
rupt concentrator in the RIC chip. Internal interrupt sources include the ECC
(errors), SBus Module (late errors), Timer Counters, and the Power Management
Wakeup interrupt. These sources are discussed in further detail later.

UPA Interface

ECC
S2U_DA
S2U Header ) Other DMA
a1 “——  Sources
UPA Interrupt Interrupt
Request Requests, ————| SBus
Processor Module
S_REPLY DMA
—» CTL Interrupt Mondo D
Ack, Nack Dispatch D )
Unit Timer
Counters
From the External
Interrupt Concentrator for
O/ SBus INT_NUM
Figure 15-1  Mondo Dispatch Unit in U2S
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15.2.2 Mondo Dispatch Block Diagram

Each CPU has 41 External Interrupts
41 External + 6 Internal = 4 SBus slots * 7 Interrupts+ 11 OBIO Interrupts
47 Interrupt Sources + Graphics + UPA Expansion
From the External
Interrupt Concentrator
for SBus
Dispatch CPU INR
FSM . Interrupt : SBus 6
Arbiter 1 Arbiter 47 Re'gillseter 41 Interrupt l—~INT_NUM
for Decoder
CPUO
From the Internal
CPU U2S Sources
Build 1 Interrupt 47 Decoder le——eccO_int_
FSM Arbiter eccl int
for e
CPU1 e sbm_l'nt_
[e———tmr0_int_
[e——tmrl_int_
le————pwr_int_
Interrupt
Packet INR
Buffer SRAM
CPUO
To UPA
Interrupt
Packet
Buffer
CPU1
Figure 15-2  Mondo Dispatch Overview Block Diagram

Figure 15-2, “Mondo Dispatch Overview Block Diagram,” shows the general flow
through the Mondo Dispatch Unit. Each triangle in a block indicates a clock cycle
of latency. Thus, the overall latency is four cycles through the Mondo Dispatch

Unit (from the External Interrupt Concentrator to issuing the request, to the inter-
nal U2S Bus Controller).

For more details, see Section 15.3, “Mondo Unit Functional Description.”
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15.3 Mondo Unit Functional Description
The Mondo Unit is responsible for generating a UPA Mondo Vector Request
Packet for interrupt clients. This section contains the following:
« An overview of Mondo Interrupts
= Interrupt Types
= Flow of an interrupt through the Mondo Dispatch Unit

15.3.1 Mondo Vectors

Before a functional discussion on the Mondo Dispatch Unit, it is necessary to pro-
vide a brief overview of Mondo Vectors. See the Sun-5 Architecture specifications
for a more detailed description.

15.3.1.1 Overview of an Interrupt

Interrupts are delivered to the process in a packet format which looks like a 64

byte write on the UPA; this implies four cycles of 128 bits of data (or 8 cycles of
64 bits of data). However, only three double-words (3x32 bits) are used to carry
“pertinent” information. Note that U2S does not deliver interrupt data, only the
Interrupt Number.

Data Cycle

10 63 64 128

1 Int Num
0 63 64 128
0 63 64 128
3 Data 1 ”””””””””””””’
0202020002020 %0 2020 2020262
0 63 64 128

4

Figure 15-3  Mondo Vector Format on UPA Data Bus
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The first data cycle contains the interrupt number (11 bits). The second and third
data cycles contain 64 bits of data. These data fields contain interrupt specific in-
formation such as address, timer values, error information, status register values,
etc. Again note that U2S does not deliver Data 0 and Data 1. All other bits are not
used (driven to 0 on the data bus).

The interrupt number is specific to each interrupt source, which allows software
to uniquely identify the source of the interrupt without having to poll all inter-
rupt sources, thus reducing overhead in processing interrupts.

Note that there is no priority associated with the interrupt packet. Thus, inter-
rupts are processed on a first-come-first-serve basis.

Each CPU can process only one interrupt at a time. All subsequent interrupt that
are delivered to a busy CPU will get Nacked on the UPA. The interrupt source
must then retry later.

15.3.1.2 Interrupt Number Register

Generally, each interrupt source has an Interrupt Number Register (INR) associat-
ed with it. The INR is either fully or partially software programmable and con-
tains the Interrupt Number, which is delivered in the first data cycle, the MID of
the processor the interrupt is to be sent, and a valid bit which enables or disables
the interrupt.

31 30 26 25 16 15 0

\Y

Target Processor | Reserved Interrupt Number

Figure 15-4  Full INR Contents

As shown the INR has 3 fields:

1. Valid bit (1 bit) - enables the interrupt when set to 1. Note that when an
interrupt is present and the valid bit is 0, the interrupt is prevented from
being delivered. However, once the valid bit is set to 1, the interrupt is
delivered.

2. Target Processor (5 bits) - used to determine the address of the Interrupt in
the UPA header. The Mondo Dispatch Unit also uses the LSB for
arbitration.

3. Interrupt Number (16 bits) - delivered in the first data cycle.
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For most of the interrupts, the Interrupt Number field is broken further broken
down into two separate fields: the Interrupt Number Index and the Interrupt
Number Offset. The Interrupt Number Offset is a fixed value depending on the
interrupt.

31 30 26 25 16 15 6 5 0

V | Target Processor Reserved Int. Num. Index Int. Num. Offest

Figure 15-5  Partial INR Contents

For more information, see the UltraSPARC System Specifications.

15.3.2 Interrupt Types

Interrupts processed by the U2S are classified using three characteristics:
1. Internal/External.
2.  Level/Pulse.

3. Priority.

15.3.2.1 Internal/External

Internal Interrupts

Internal Interrupts refer to those interrupts that are generated within U2S. Each
internal interrupt source has a dedicated set of signals to the Mondo Unit for rais-
ing an interrupt. There are a total of 6 internal interrupts.

® ECC - The ECC unit will raise an interrupt when it detects a correctable or
uncorrectable error for PIO Writes Requests and DMA Read Replies. There are
2 ECC interrupt lines, one for correctable and one for uncorrectable errors

® power Management - The timer associated for Power Management will raise
an interrupt to wakeup the U2S

® SBus Module - The SBus Module will raise an interrupt when there is a late
error on the SBus for PIO Reads or Writes

® Timer Counters - The Timer Counters will raise an interrupt when its timer
has elapsed. It will provide the limit of the counter as the data. There are 2
Timer Counter interrupts (1 for each Timer Counter)
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External Interrupts

External Interrupts refer to those interrupts that are generated externally of U2S.
All external sources for interrupts (SBus, OBIO, Graphics, and UPA) go through
the Interrupt Concentrator. The Interrupt Concentrator logic resides in the RIC
ASIC.

7/ SBO_L[0:6]
e 1/ SB1 L[0:6]_
7/ sB2 L[06]_
7/ SB3_L[0:6]
1, oBio

INT_NUM

u2s
RIC

l—— Graphics

le—— UPA

Figure 15-6  Interrupt Concentrator

The Interrupt Concentrator simply samples all interrupts lines and in round-rob-
in fashion, presents one of them at a time to the U2S. The 41 interrupt lines are
simply encoded into a 6 bit value to U2S. This was done to save pins on the U2S.
= SBus - U2S supports 4 SBus slots. Each SBus slot has 7 interrupt lines
(levels). So, there are 28 interrupt lines from SBus
< OBIO (On-board 10 Devices) - There are 11 OBIO devices
= Graphics/UPA - 2 UPA slot interrupts are supported. These are the only
two interrupts that are of pulse type (see below). These are also the only
interrupts with the full INR register (fully software programmable). All
other interrupts have a INX and INO fields
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15. Mondo Dispatch Unit

An interrupt can be either level or pulse driven. Level interrupts have three states
associated with them: Idle, Received, and Pending (shown below). Level inter-
rupts include all interrupts except for the Graphics and UPA interrupts.

Table 15-1 Level Interrupt States
State Description
00 Idle - no interrupt has been received yet
01 Received - the source has raised an interrupt; the interrupt is going through
decoding and arbitration
11 Pending - the interrupt has won arbitration; it will be or has been delivered;
the interrupt is disabled until a process PIO writes the state register to set
the interrupt back to IDLE
10 Reserved
no interrupt .
Processor P1O Writes
and resets the
interrupt back
to the IDLE state
interrupt received from interrupt won
interrupt concentrator arbitration
waiting for decoding and waiting for
arbitration delivery
Figure 15-7  Level Interrupt States

Pulse Interrupts only have two states: Idle and Received. After the U2S delivers
the interrupt, the interrupt returns to the Idle state. No software intervention is
needed as in the Level interrupts case. Pulse interrupts include the Graphics and

UPA Interrupts
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15.3.2.3 Priority

Each interrupt has a priority associated with it. There are a total of 8 priority lev-

els (8 is the highest priority, 1 is the lowest).

Priority is taken into account during interrupt arbitration. When multiple inter-
rupts are present, the highest priority interrupt is delivered first. If multiple inter-
rupt with the same priority are present, the interrupts are delivered in a round-
robin fashion. When all interrupts at the highest priority level are delivered, the

next highest priority level is processed.

Table 15-2 Interrupt Receiver State Register
Level Number of Interrupts Source
8 6 Audio, Power Fail, Floppy, UE ECC, CE ECC,
SBus Async Error
7 6 4 SBus Slots, Kbd/mouse/serial, Serial Int
6 6 4 SBus Slots, Timer 0, Timer 1
5 6 4 SBus Slots. OB Graphics, UPA64S Int
4 6 4 SBus Slots, Keyboard Int, Mouse Int
3 6 4 SBus Slots, SCSI Int, Ethernet Int
2 6 4 SBus Slots, Parallel Port, Spare Int
1 5 4 SBus Slots, Power Management
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Table 15-3 Summary of Interrupts
Interrupt Int/Ext Source II\’\/IITC_OE;J Type Offset Priority
SBus Slot 0, Level 1 Ext SBus 000001 Level 000001 1
SBus Slot 0, Level 2 Ext SBus 000010 Level 000010 2
SBus Slot 0, Level 3 Ext SBus 000110 Level 000110 3
SBus Slot 0, Level 4 Ext SBus 000100 Level 000100 4
SBus Slot 0, Level 5 Ext SBus 000101 Level 000101 5
SBus Slot 0, Level 6 Ext SBus 000110 Level 000110 6
SBus Slot 0, Level 7 Ext SBus 000111 Level 000111 7
SBus Slot 1, Level 1 Ext SBus 001001 Level 001001 1
SBus Slot 1, Level 2 Ext SBus 001010 Level 001010 2
SBus Slot 1, Level 3 Ext SBus 001110 Level 001110 3
SBus Slot 1, Level 4 Ext SBus 001100 Level 001100 4
SBus Slot 1, Level 5 Ext SBus 001101 Level 001101 5
SBus Slot 1, Level 6 Ext SBus 001110 Level 001110 6
SBus Slot 1, Level 7 Ext SBus 001111 Level 001111 7
SBus Slot 2, Level 1 Ext SBus 010001 Level 010001 1
SBus Slot 2, Level 2 Ext SBus 010010 Level 010010 2
SBus Slot 2, Level 3 Ext SBus 010110 Level 010110 3
SBus Slot 2, Level 4 Ext SBus 010100 Level 010100 4
SBus Slot 2, Level 5 Ext SBus 010101 Level 010101 5
SBus Slot 2, Level 6 Ext SBus 010110 Level 010110 6
SBus Slot 2, Level 7 Ext SBus 010111 Level 010111 7
SBus Slot 2, Level 1 Ext SBus 011001 Level 011001 1
SBus Slot 3, Level 2 Ext SBus 011010 Level 011010 2
SBus Slot 3, Level 3 Ext SBus 011110 Level 011110 3
SBus Slot 3, Level 4 Ext SBus 011100 Level 011100 4
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Table 15-3 Summary of Interrupts

Interrupt Int/Ext Source Ih'\lﬂz—c)':g Type Offset Priority
SBus Slot 3, Level 5 Ext SBus 011101 Level 011101 5
SBus Slot 3, Level 6 Ext SBus 011110 Level 011110 6
SBus Slot 3, Level 7 Ext SBus 011111 Level 011111 7
SCsI Ext OBIO 100000 Level 100000 3
Ethernet Ext OBIO 100001 Level 100001 3
Parallel Port Ext OBIO 100010 Level 100010 2
Audio Ext OBIO 100100 Level 100100 8
Power Fail Ext OBIO 100101 Level 100101 8
Kbd/Mouse/Serial Ext OBIO 101000 Level 101000 7
Floppy Ext OBIO 101001 Level 101001 8
Spare Hardware Ext OBIO 101010 Level 101010 2
Keyboard Ext OBIO 101101 Level 101101 4
Mouse Ext OBIO 101110 Level 101110 4
Serial Ext OBIO 101111 Level 101111 7
Timer 0 Int Timers Level 110000 6
Timer 1 Int Timers Level 110001 6
Uncorrectable ECC Int ECC Level 110100 8
Correctable ECC Int ECC Level 110101 8
SBus Error Int SBM Level 110110 8
Power Management Int Timers Level 110111 1
Graphics Ext UPA 100011 Pulse 5
UPA Expansion Slot Ext UPA 100110 Pulse 5
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15.3.3 Processing an Interrupt

The Mondo Dispatch Unit in U2S is optimized for a two processor system. The
Mondo Dispatch Unit is composed of four main blocks: External Interrupt Re-
ceiver, Interrupt Decoder, Arbiter, and the Dispatcher. These blocks are described
in the following sections:

15.3.3.1 External Interrupt Receiver

The External Interrupt Receiver receives interrupt numbers from the Interrupt
Concentrator one at a time. It decodes the interrupt and stores it in a 2 bit state
register. There is 1 state register for each interrupt source (47 total). The Graphics
and UPA interrupts have a 1 bit state register, since they are Pulse Interrupts.

When an interrupt is in the received state, its interrupt line will be asserted to the
next block, the Interrupt Decoder block.

15.3.3.2 Interrupt Decoder

The Interrupt Decoder uses the INR for each interrupt to determine the CPU that
interrupt is to be delivered. 41 interrupt lines from the External Interrupt Receiv-
er is fed into this block, as well as the 6 internal interrupt sources (2 ECCs, Power
Management, 2 Timer Counters, and SBus Module). The Mondo Unit keeps the
INR of all interrupts, external and internal.

The output of the Interrupt Decoder is 2 sets of 47 interrupt lines (47 interrupt
lines for each CPU). This is fed into the next block, the Interrupt Arbiter.

15.3.3.3 Interrupt Arbiter

The Interrupt Arbiter arbitrates among two sets of 47 interrupt lines and chooses
a winner. The first stage of arbitration involves choosing one winner for each
CPU. The highest priority level interrupts are chosen first. Then a round-robin
among those interrupts picks the winner.

After a winner has been chosen for each CPU, a round-robin chooses between the
two CPUs for a winner. This is fed into the next block, the Interrupt Dispatcher.
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15.3.3.4 Interrupt Dispatcher

The Interrupt Dispatcher is composed of the following three sub-blocks:
1. Packet Builder FSM.

The Packet Builder takes the winner from the Interrupt Arbiter and assembles the
interrupt packet in the appropriate CPUs Packet Buffer. There is 1 Packet Buffer

for each CPU. Once the Packet Buffer contains an interrupt, it prevents that CPU
from winning arbitration until the buffer is cleared (for example: the interrupt de-
livered and Acked).

The Packet Builder reads the INR valid from the local SRAM and places it in the
Packet Buffer.

2. Dispatcher FSM.

The Dispatcher checks each Packet Buffer in a round-robin fashion. If the Packet
Buffer contains a valid interrupt that is ready to be sent, the Dispatcher will raise
a request to the U2S Bus Controller to deliver an interrupt packet (which looks
like a 64 byte write) to the UPA interface.

After delivering the interrupt, the Dispatcher waits for the Ack or Nack from the
System Controller. If the interrupt is Acked, the Packet Buffer is cleared. If the in-
terrupt is Nacked, the Dispatcher clears the Retry Bit in the Packet Buffer. In both
cases, the Dispatch proceeds to the next Packet Buffer.

Note: Note that this means that the Mondo Unit dispatches only 1 interrupt at a
time, and waits for the Ack or Nack before dispatching the next interrupt.

3.  Retry FSM.

There is a Retry FSM associated with each Packet Buffer. When the Retry Bit is
cleared (by the Dispatcher), the Retry FSM waits for a common free-running
counter to roll over twice then sets the Retry Bit.

Setting the Retry Bit sets the Packet Buffer into the ready state for when the Dis-
patcher comes around the next time.
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15.4 Mondo Dispatch Timing Diagrams

15.

Mondo Dispatch Unit

0 1 2 3 4 6 7
o ML LI 1] ! [ S S R N
INT_NUM >O:<Numb6|§XNume;-r>O< i i i i i
Figure 15-8  External Interrupt Concentrator Timing

Each cycle, the External Interrupt Concentrator may present a different Interrupt
Number to U2S. The following table lists the external interrupt encoding.

Table 15-4 External Interrupt Encoding
Encoding Interrupt
000_001 SBus Slot 0, Interrupt 1
000_010 SBus Slot 0, Interrupt 2
000_011 SBus Slot 0, Interrupt 3
000_100 SBus Slot 0, Interrupt 4
000_101 SBus Slot 0, Interrupt 5
000_110 SBus Slot 0, Interrupt 6
000_111 SBus Slot 0, Interrupt 7
001_001 SBus Slot 1, Interrupt 1
001_010 SBus Slot 1, Interrupt 2
001 011 SBus Slot 1, Interrupt 3
001_100 SBus Slot 1, Interrupt 4
001_101 SBus Slot 1, Interrupt 5
001_110 SBus Slot 1, Interrupt 6
001 111 SBus Slot 1, Interrupt 7
010_001 SBus Slot 2, Interrupt 1
010_010 SBus Slot 2, Interrupt 2
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Table 15-4 External Interrupt Encoding

010 _011 SBus Slot 2, Interrupt 3
010_100 SBus Slot 2, Interrupt 4
010_101 SBus Slot 2, Interrupt 5
010_110 SBus Slot 2, Interrupt 6
010_111 SBus Slot 2, Interrupt 7
011_001 SBus Slot 3, Interrupt 1
011_010 SBus Slot 3, Interrupt 2
011_011 SBus Slot 3, Interrupt 3
011_100 SBus Slot 3, Interrupt 4
011_101 SBus Slot 3, Interrupt 5
011_110 SBus Slot 3, Interrupt 6
011_111 SBus Slot 3, Interrupt 7
100_000 SCSI

100_001 Ethernet

100_010 Parallel Port

100_011 Graphics

100_100 Audio

100_101 Power Fail

100_110 UPA

101_000 Keyboard/Mouse/Serial
101_001 Floppy

101_010 Spare Int

101_101 Keyboard

101_110 Mouse

101 111 Serial

111 111 None
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There are two independent timers in the U2S. Each provides either periodic inter-
rupts or alarm-clock (callout) interrupts to a selected processor. One of the timers
has a prescaler to provide walk-up interrupts when the system is in the SLEEP
mode.

16.1 Overview

The features supported are as follows:

= Limit Register is used to set the interrupt enable, reload, periodic bits, and
the counter interrupt comparison value

= Count Register is used for loading the counter on write, and used to return
the current count on read

= Periodic interrupts can be generated

= Interrupt can be disabled

= 29-bit counter will allow a maximum count of Ox1FFFFFFF, or 536 seconds
using a one microsecond count interval. During power management mode,
one of the time counters will use a one millisecond count interval and will
provide the walk-up interrupt when the count equals the limit register
value
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16.1.1 Timer/Counter Overview

The major blocks in the Timer unit are:

= 29-bit up counter with synchronous load. For testability, this counter is
decomposed into six 4-bit counters and one 5-bit counter

< Limit Register for setting time-out value and other control bits

= Count Register for loading the timer with a preset value, and for reading
the current value of counter

= Comparator to compare counter output with the limit register
< Mondo Vector Generation Unit for generating interrupt request
< Inbound and outbound synchronization flip flops

< Output Datapath for driving diagnostics read data
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U2S_PD[30] = RELOAD CS LM TMR_PD
U2S PA , ] — = DATA —
[ ] 12 E CS_LIM CS_CNT_| pPATH| [63:0]
15:4 _| S_CNT_|
c
L] C—IS_CNT 'y _ OUT:_
LMT_LE
» LE ,
TMR_AS_ AsJ o 31
—_— L @ L bl
TIMER LIMIT
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TMR_RW RW
>
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Double Sync > CNT_RST
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RDY | DIN
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SYSCLK - EN 29]
COUNT
U2s_PD .
[31:0] % PERIODIC
280 CNT_IN
COUNT_ SEND_MV
CLK1
29 LIMIT \ n — MV_ACT
o cikio 22 | MV
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GEN CNT LD CNT_SEL
LOAD INT_
TIMEOUT PRD RST Double Sync
———
SYSCLK [ TMR_INT_
ot L0
Figure 16-1  Timer Block Diagram
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16.2 Timer Signal Descriptions

Table 16-1 Timer Signals
Signal Name Signals 1/0 Description
U2S_PA[13:3] 1 | Internal UPA address for PIO access
TMR_AS _ 1 | Address Strobe indicating address valid during P10
access
TMR_RW 1 | PIO request. 1 means PIO read, 0 means PIO write
CLK10 1 | 10 MHZ clock from Ethernet oscillator
SIOCLK 1 | U2s clock
SIORST_ 1 | Reset with respect to U2S clock
TMRRST_ 1 | Reset with respect to CLK10 clock
U2S_PD[63:0] 32 | Internal UPA data bus for diagnostics /P10 access.
Note bits [63:32] are not used since timer registers
are always accessed using 32-bit PIO
TMR_PD[63:0] 64 (@) Output from Timer internal registers
TMR_RDY_ 1 Indicate Timer has driven valid data in response to
PIO read, or that Timer has taken the data in
response to PIO Write
TMRO_INT_ 1 O Interrupt request from Timer 0. Asserted during
time-out
TMRL_INT_ 1 O Interrupt request from Timer 1. Asserted during
time-out
TWU_INT_ 1 O Timer walk-up interrupt
PWR_CTRL_EN 1 | Power Management Control bit
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16.3 Timer Functional Descriptions

It is expected that the two timers will have independent functions; one used for

system collate events, and the other for operating system profiling. It is up to the
processor to issue cross-calls to other processors if broadcast is needed. Each tim-
er has separate Count and Limit registers. In order for the processor to uniquely
identify the source of the timer interrupts, each timer will also have its own Inter-
rupt Number Register.

The two timers operate as follows:

Writes to the Limit Register set the LIMIT value, and causes the
corresponding timer to reset to zero if (RELOAD == 1)

Else if (RELOAD! = 0), then the LIMIT gets set without affecting the value
of COUNT

When (COUNT == LIMIT) and (INT_EN == 1), an interrupt request is
made. When granted, the Mondo Vector with the corresponding INR is
dispatched

If (PERIODIC == 1), whenever (COUNT== LIMIT) then the counter is reset
to zero and continues counting

Else if (PERIODIC == 0), when (COUNT == LIMIT) then the counter
continues to count normally without taking an intermediate reset. Note
that the counter will still wrap-around to zero if the current count has
reached Ox1FFFFFFF

To obtain a periodic interrupt every ‘N’ microseconds, the LIMIT should be
set to ‘N-1’

The walk-up enable (also called the pwr_ctrl_en) bit enables a divide by
1000 prescaler for one of the timer counters thereby changing them from
incrementing once per microsecond to once per millisecond

Note:

If INT_EN == 0), when (COUNT == LIMIT) then the counter will not

send interrupt. However, counter might be reset depending on the state of
PERIODIC.
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16.3.1 Timer FSM Descriptions

16.3.1.1 Overview

The Timer FSM provides the control signals for the PIO access to both timers.

COUNTO_PA

COUNTL PA

RESET

LIMIT1_PA

RDY

LIMITO_PA

CNT LD

AS_ >
> TMR_FSM CNT RST

RW -

LIMIT_LD

RELOAD

CLK1_TMRO

CLK10

CLK1 TMR1

Figure 16-2  TMR_FSM Block Diagram
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16.3.1.2 TMR_FSM State Transition Diagram

16. Timer Counter

Op

Figure 16-3

TMR_FSM State Diagram
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16.3.2 29-Bit Counter Descriptions

Each timer will have a 29-bit counter constructed from a cascade of six 4-bit
counters and one 5-bit counter.

Each counter will have on its input a LOAD pin (for synchronous reset and load-
ing non-zero values), a COUNTER ENABLE pin, 4-bit input data (5-bit for the
MSB counter), CLOCK pin, and CARRY-IN. The output consists of 4-bit output
data and CARRY-OUT to the next counter.

16.3.3 1 MHZ Clock Generator Descriptions

This unit does a divide by 10 of the 10-MHZ Ethernet oscillator input to produce
a 1-MHZ clock. Each timer has this unit. The timer which provides the walk-up
enable interrupt also has the additional prescaler logic.

16.3.4 Output Data Path Description

This unit is responsible for driving the proper data in response to PIO read on the
Limit/Count Registers.

16.3.5 Mondo Vector Unit Descriptions

16.3.5.1 Overview

The main function of this block is to request and send Interrupt at the occurrence
of time-out.

This block functions independently of the normal counting. When the processor
is not available to handle the interrupt request, this unit simply waits until its re-
guest is granted.

Note: If the current interrupt can not be dispatched, all subsequent time-out
interrupts will be ignored.
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17.1 Overview

This section describes the error detection and correction, as well as the supported
error reporting mechanisms. Errors related to an UltraSPARC-I processor are de-
scribed in the UltraSPARC-I Programmer’s Reference Manual.

Errors detected in the system are classified into the following types: fatal errors
and non-fatal hardware errors. A fatal error may result in a system reset if the er-
ror reset is enabled by software. Actions taken on non-fatal hardware errors in-
clude interrupts, status registers, or none.

17.2 Error Detection and Reporting

The reference platform provides error detection at interconnect levels and inside
each U2S. Parity and ECC are used to protect the interconnects at various levels.

17.2.1 Error Description

17.2.1.1 UPA Address Parity Error

The UPA address bus carries address and control information for the UPA trans-
actions. The format of an address packet is described in the UPA Interconnect Ar-
chitecture specification. One address bus connects between processor(s), the U2S
and the USC. Only the address bus connecting processor(s), the U2S and the

USC, support(s) parity. The parity bit is driven by a master UPA port at the same
time the address packet is driven to the bus. The parity bit will be set to 1 when
there is an even number of 1s on the address bus. The USC receiving the address
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packet will perform parity checking. If the address packet targeted to another
UPA slave port has no parity error, the USC will route the address packet to the
target device on the other address bus.

An address parity error is considered a fatal error to the system. Both the UPA
slave port and the System Controller USC can detect address parity errors. The
actions taken on the parity error are described below:

= Address parity error detected by a UPA slave port: The device detecting an
address parity error should send a P_FERR reply to the USC if it is enabled
to do so. The USC will generate reset to the system upon receipt of
P_FERR. The USC will log the fatal error condition in the USC Port Status
Register and the USC Control Register

= Address parity error detected by the System Controller: The USC generates reset
to the system and logs an error condition in the USC Control Register

Software should clear the error bit by writing one to it. Failing to do so may cause
confusion to the software if another address parity error happens after the E-
Cache data parity error.

17.2.1.2 UPA Datapath Uncorrectable Error

The UPA datapath implemented in the reference platform consists of the Cross-
bar Switch (XB1), and a collection of wires connecting the UltraSPARC-1 Data
Buffer (UDB), XB1, memory, U2S, and UPA graphic devices. There are three major
busses provided for this purpose:

< Memory Data Bus, 256 bits of data and 32 bits of ECC information
= UPA Data Bus (Processor), 128 bits of data and 16 bits of ECC information
= UPA Data Bus (1/0), 64 bits of data and 8 bits of ECC information

Devices connected to the UPA datapath perform ECC generation, checking, and
correction. In the reference platform, devices supporting ECC generation, check-
ing, and correction are the UDB and the U2S.

Two types of ECC errors are checked by the UPA port, Correctable Error (CE) and
Uncorrectable Error (UE). CE can come from the following sources:

= Corruption on the datapath, such as UPA, and memory

= Faulty device, such as DRAM, XB1, or UPA device
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In addition to normal UE sources, there are other cases a device can force a UE to
the system. The UE handling software needs to find out what exactly caused the
UE in the system. Information relating to UltraSPARC-I-induced UE is described
in UltraSPARC-I AFSR/AFAR. Information relating to the U2S-induced UE is de-
scribed in the U2S SBus Control Register section. Possible sources of the UE are
listed below:

= Corruption on the datapath, such as UPA, and memory

= Faulty device, such as DRAM, XB1, or UPA device

= E-cache data parity error

= SBus data parity error during DVMA write

= SBus data parity error during P10 read

If the device detects a CE, data will be corrected before it is used. Data transfer
continues as if there is no error. The receiving device will log the error informa-
tion and report the error. Upon an UE, the error will be carried over, maybe in a
different way, to make sure the erroneous data is not consumed. The receiving
device will log the error information and report the error.

The U2S detects and corrects ECC errors on the data it receives. The checking and
correction are done on the following operations:

« The PIO writes to the U2S and devices controlled by the U2S

e The SBus DVMA read from memory or the UPA devices

< The SBus DVMA write to memory

The U2S reports an ECC error to the processor by interrupt if ECC checking and
ECC interrupt are both enabled. Error information is logged in the UE and CE
AFSR/AFAR. For more information about the ECC control register, UE, and CE
error registers please read the programming model section.

The other device that performs ECC checking/correction is the UltraSPARC-I
UDB. The UDB checks/corrects ECC errors on processor instruction/data fetch
and interrupt packets. Actions taken by the UltraSPARC-I on ECC errors are de-
scribed in the UltraSPARC-I Programmer’s Reference Manual.
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17.2.1.3 UPA Timeout

UPA timeout can happen during a slave read to a non-existing UPA port or ac-
cess to an unsupported/nonexisting device controlled by the UPA port. For ex-
ample, reading from an empty SBus slot.

A UPA transaction needs to be completed with a reply in order to avoid hanging
the initiating device. There is no bus timer defined in the UPA interconnect to
keep track of pending transactions. To avoid hanging the system due to an inad-
vertent access to a non-existing device, the USC will check for the existence of the
device before relaying the access to the targeted port. A UPA port should signal
its existence by sending an IDLE reply to the USC when there is no access to it. If
the port exists in the system, it is the responsibility of the UPA port to issue a re-
ply to any access targeted to it.

Access to a non-existing UPA port is handled differently for slave read and slave
write.

= Slave write to a non-existing UPA port will be ignored by the SC. The
IADD bit in the USC Port_Status Register will be set

= Slave read from a non-existing port will be terminated with a read timeout
reply from the USC, and the IADD bit in the USC Port_Status Register will
be set. The handling of a read timeout error is device dependent

A P10 read from a non-existing or faulty SBus device will also result in a UPA
timeout error reported to the initiating UPA master.

17.2.1.4 UPA Read Error

Other than address parity error, the UPA does not provide an error reply to write
transactions. The USC or UPA port can only send an error reply to read transac-
tions. Write errors detected by the UPA slave port should be reported through an
interrupt. A UPA slave can send an UPA read error reply for various reasons de-
scribed below. For example, the U2S will respond with a read error reply if the
SBus error acknowledge is received from the SBus slave device. The USC will re-
turn an error reply to the master port if an error reply is received from an UPA
slave, or if an UPA master attempts to perform a non-cached UPA transaction to
memory space. In the latter case, the IADD bit of the Port_Status register will be
set to reflect the error.
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17.2.1.5 SBus Parity Error

The SBus provides parity protection on its datapath. A single-bit parity is provid-
ed for 32-bit data in the normal transfer mode and 64-bit data in extended trans-
fer mode. Odd parity is used for 32-bit/64-bit data transfers and data path parity
transfer.

In order to enable parity checking, devices involved in the data transfer must
support parity generation and checking capability. The FCode on the SBus device
provides the parity attribute. System software can examine the FCode to find out
whether a SBus device supports parity or not. The way to enable parity checking
on the SBus device is device dependent. It is not described in this document.

SBus Slot Configuration Registers (SSCR) in the U2S control the parity checking
and generation in the U2S during SBus data transfer. One SSCR is provided to
each SBus device. Setting the parity enable (PE) bit of this register to 1 will enable
the U2S to perform parity checking on transfers to/from the SBus device.

The U2S acting as the SBus controller/master/slave performs parity checking in
the following situations if parity checking is enabled for the device.

= Translation Phase when the SBus master device drives virtual address to
D[31:0] of the SBus. The U2S will return a SBus error acknowledge to the
SBus device. It is up to the device to report the error

= Extended Transfer Information (ETI) Phase when the SBus master device
provides extended transfer information to the U2S. The U2S will return a
SBus error acknowledge to the SBus device. It is up to the device to report
the error

= Data Transfer Phase and Extended Data Transfer Phase when the U2S is
receiving data from the device. This can happen on a PIO read from the
SBus device, or SBus DVMA write to the U2S/UPA/memory

A parity error detected on the PIO read will be reported with uncorrectable data
being delivered to the processor and the PIO error bit in the SBus control register
set. A parity error detected during a SBus DVMA write will be reported with a
SBus late error to the SBus master with proper timing. Action taken by the master
on the SBus late error is device dependent. If the DVMA write is targeted to the
U2s, the write will be ignored. If it is targeted for the UPA device or memory, the
U2S will provide data with uncorrectable error, and set the DMA_PERR status
bits in the U2S SBus Control Register. Error handling software needs to clear the
bits after servicing the UE.

An SBus device can also detect a parity error during the Data Transfer Phase or
Extended Data Transfer Phase of the PIO write or DVMA read. The error report-
ing mechanism is device specific.
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17.2.1.6 SBus Timeout

The U2S maintains a timer to keep track of slave accesses to SBus devices. If the
device does not exist, or exists but does not respond to the access over a period of
time, the U2S will terminate the cycle with SBus error acknowledge when the
timer expires. The timer starts ticking when the SBus slave cycle starts with SBus
Address Strobe. The timeout period is defined by the SBus specification to be 256
SBus clocks.

The SBus timeout on the PIO access is reported differently depending on the type
of access. A PIO read terminated by the SBus timeout will be reported with the
UPA timeout reply to the initiating UPA port. The SBus write timeout will be re-
ported through the interrupt. Please refer to the programming model section for
the logging of error information.

The SBus timeout can also happen while the SBus master directly accesses the
SBus slave device. In this case, the handling of the SBus timeout is device depen-
dent and is described in the SBus specification.

17.2.1.7 SBus Error

The SBus slave device can signal an error to the master access due to various er-
ror conditions. Examples of error conditions detected by the slave devices are un-
supported address space, accesses with the wrong size, protection error, error
conditions internal to the device, etc.

A SBus error happening during a P1O read will be reported with a UPA error re-
ply to the processor. A SBus error happening during a P1O write will be reported
as an interrupt and the U2S will log error information in the SBus AFSR/AFAR.

The U2S can also return an error acknowledge to the SBus master during DVMA
transfers. The error can be caused by UE at the memory or UPA interconnect,
translation error, access to non-existing UPA device, error internal to the UPA de-
vice, etc. The reporting of the SBus DVMA error is device dependent.
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17.2.1.8 SBus Late Error

The SBus allows the slave device to report an error condition after the proper ac-
knowledge is given to the master device. The timing of SBus late error assertion

is defined in the SBus specification. A late error can happen during both PIO and

DVMA accesses. A late error during a PIO read/write access will be reported by
interrupts and error information will be logged in the SBus AFSR/AFAR.

The U2S will assert a late error if it detects a parity error during Extended Data
Transfer Phases or the Data Transfer Phase of DVMA write transfers. Please refer
to the SBus Parity Error section for the action taken by the U2S. The handling of
the SBus DVMA late error is device specific.

17.2.1.9 DVMA Errors

The UPA UE registers log information during some DVMA errors. The following
is a summary of the reporting:

1. If the UE interrupt is enabled, an interrupt will be posted when the U2S
detects an UE.

2. Data will be ignored by the Streaming Buffer if the UE is caused by a
Streaming Buffer prefetch. The entry will stay invalid if an UE is detected.

An UE caused by a demand DVMA read from a streamable page will cause an er-
ror acknowledge to the SBus device even if the UE does not happen on the 8-byte
guantity requested by the device. This is to avoid paying one SBus cycle penalty
on a read hit because the error status is not available when the SBus acknowledge
is asserted. The Streaming Buffer entry will be set to an invalid state if this hap-

pens.

< An UE caused by a DVMA read from a consistent page will cause an error
acknowledge to the SBus device only if the UE happens on the data
requested. The SBus data acknowledge will be provided if the requested
bytes do not have an error

= An UE on DVMA partial write: if a DVMA transaction totally writes over
the eight bytes getting the UE, the error will be written over. Good data
and check bits are provided for the eight bytes when writing it back to
memory. If a DVMA transaction partially overwrites or does not overwrite
the data having the UE, the U2S will force the UE to memory

= If a SBus parity error is detected during a DVMA write, the U2S will force
the UE only to the bytes having a SBus parity error. If there is no SBus
parity error within the aligned 8-byte data, good data and check bits will
be provided to memory
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If a SBus parity error is detected during a P1O read, the U2S will force the UE
only to the bytes having a SBus parity error.

17.2.1.10 IOMMU Translation Error

During a SBus DVMA operation, the IOMMU will provide translation to the SBus
virtual address. The IOMMU also checks for access violation. Errors detected by
the IOMMU are access to a invalid page and access with protection violation. An
invalid error happens when the DVMA virtual page does not have a valid physi-
cal page mapped to it. A protection error happens when the SBus master tries to
write to a page that is marked as read-only. Both errors will be reported with the
SBus error acknowledge to the device. The actual reporting of translation errors is
device dependent.
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17. Error Handling

Table 17-1 summarizes the reporting of fatal errors detected in the reference plat-
form system.

Table 17-1 Summary of Fatal Error Reporting in the Reference Platform
. System CPU .
Error Type Type of Operation Action Action Error Register
UPA address parity error All Reset Reset USC Port_Status Register
USC Control Register
Master queue overflow All Reset Reset USC Port_Status Register
DTAG parity error CPU IFetch, CPU Reset Reset CC fault register
LD/ST, DVMA
Coherence error CPU IFetch, CPU Reset Reset CC fault register
LD/ST, DVMA

Table 17-2 summarizes the reporting of non-fatal errors detected in the reference
platform system.

Table 17-2 Summary of Non-Fatal Error Reporting in the Reference Platform
Type of Response to S.F 2] .
Error Type Operations UPAlL] Trap Error Register SBus Action
E-$ Data CPU IFetch, Force bad ECC if Yes UltraSPARC-I AFSR/ No
RAM Parity CPU LD/ST, UPA snoop AFAR
Error UPA snoop
E-$ Tag RAM | CPU IFetch, Force bad ECC if Yes UltraSPARC-I AFSR/ No
Parity Error CPU LD/ST, UPA snoop AFAR
UPA snoop
UPA UE PI1O read No Yes UltraSPARC-I AFSR/ No
Memory read AFARE!
UPA interrupt
P10 write UE interrupt No U2S UE AFSR/AFAR B3] No SBus cycle
DVMA read UE interrupt No U2S UE AFSR/AFAR [ SBus Error
Ack!
DVMA write UE interrupt No U2S UE AFSR/AFAR [ SBus Data Ack
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Table 17-2 Summary of Non-Fatal Error Reporting in the Reference Platform
Type of Response to S.F . 21 .
Error Type Operations upAlll Trap Error Register SBus Action
UPA CE PIO Read No Yes UltraSPARC-1 AFSR/ No
Memory read AFAR
PIO write CE interrupt No U2S CE AFSR/AFAR No
DVMA read CE interrupt No U2S CE AFSR/AFAR SBus Data Ack
DVMA write CE interrupt No U2S CE AFSR/AFAR SBus Data Ack
UPA Read PIO Read UPA read error, Yes UltraSPARC-1 AFSR/ No
Error, UPA Memory Read UPA timeout AFAR,
Timeout USC Port Status Register
DVMA Read UPA read error, No No SBus Error
UPA timeout Ackl?]
DVMA Write No No No SBus Data Ack
SBus Parity PIO Read Force bad ECCto | Yes UltraSPARC-1 AFSR/ SBus Data Ack
Error UPA AFAR, SBus control regis-
ter
P1O Write No No No SBus Data/
Error Ack [%
DVMA Virtual No No No SBus Error
Address Ack [4
DVMA Read No No No SBus Data
Data Phase (ETI) Ack B!
DVMA Write Force bad ECCto | No U2S SBus control register SBus Data Ack
Data Phase UPA
SBus Timeout | PIO read UPA Timeout Yes UltraSPARC-1 AFSR/ SBus Error
AFAR Ack
P10 write SBus Asynchro- No U2S SBus Asynchronous SBus Error
nous Error Inter- Error AFSR/AFAR Ack
rupt
DVMA read No No No SBus Error
DVMA write Ack [4
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Table 17-2 Summary of Non-Fatal Error Reporting in the Reference Platform
Type of Response to S.F . 21 .
Error Type Operations upAlll Trap Error Register SBus Action
SBus Error PIO read UPA Read Error Yes UltraSPARC-1 AFSR/ SBus Error
Ack AFAR Ack
PIO write SBus Asynchro- No U2S SBus Asynchronous SBus Error
nous Error Inter- Error AFSR/AFAR Ack
rupt
DVMA read No No No SBus Error
DVMA write Ack [1
SBus Late PIO read SBus Asynchro- No U2S SBus Asynchronous SBus Data Ack
Error nous Error Inter- Error AFSR/AFAR
rupt
P10 write SBus Asynchro- No U2S SBus Asynchronous SBus Data Ack
nous Error Inter- Error AFSR/AFAR
rupt
DVMA read No No No SBus Data
DVMA write Ack Late Error
IOMMU DVMA read No No No SBus Error
Translation DVMA write Ack [4
Error

1. This assumes error interrupts are enabled.

2. Information logged in the AFSR/AFAR depends on the type of error and the state of the error status. Please refer to the

UltraSPARC-1 Programmer’s Reference Manual and System Register Definition of this document for more details.

3. The UE may be caused by other errors in the system. Additional information is available in the UltraSPARC-1 and U2S
registers. See the ECC Error section for more details.

4. The handling of a SBus error acknowledge during the DVMA cycle is device dependent. The device should stop DVMA from

the channel getting error ack and post an interrupt to the system.

5. The handling of a SBus parity error detected by the SBus device is device specific. The device should generate an interrupt to

the system.
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17.3 Unreported Errors

Certain error conditions are not reported by the system. Examples of these errors
are listed below. Beware that the list is not intended to enumerate all possibilities.

= A write to a non-existing or disconnected UPA port. The IADD bit in the
Port_Status Register will be set, but no error is reported

= A write to a read-only register in the USC or U2S is ignored

= A non-cached UPA write to memory. The IADD bit in the UPA Port_Status
Register will be set but no error reported

= A read from a write-only register in the USC or U2S gets invalid data
= The UPA bus error or timeout during DVMA write is ignored

= Sending an interrupt to a non-existing UPA port or disconnected UPA port.
The IPORT bit in the Port_Status Register will be set, but no error is
reported
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18.1 Introduction

This chapter briefly describes the JTAG Test Access Port (JTAGTAP) macro which
implements the IEEE 1149.1-1990 Standard (also known as JTAG) Test Access Port
on the ASICs in the UltraSPARC-I system. For more information see the complete
specifications, “JTAG Test Access Port for UltraSPARC-I system ASICs.”

The JTAGTAP macro provides standardized serial access to the test features de-
signed into the ASIC. It includes the JTAG state machine, the instruction register,
a bypass register, a device identification register, and all of the decoding logic so
as to simplify the designers task of implementing JTAG. Signals are provided for
access to the mandatory boundary scan register, and to optional internal scan reg-
isters or other user defined test features (such as Built-In Self-Test).

The JTAGTAP macro requires five dedicated pads (these pins must NOT be used
for any other purpose). These include the serial test data input (TDI), serial test
data output (TDO), test mode select (TMS) and the test clock (TCK), and asyn-
chronous reset (TRST.).

Sun Microelectronics
243



U2S User’s Manual

18.2 Features

Some features of the JTAGTAP macro:

= standard 16 bit instruction register

= 8 bits reserved for pre-defined instructions which are standard
= 8 bits available for up to 254 user defined test functions
= capable of sampling up to 14 status signals

= device identification register with 12 bits for chip ID and 4 bits for chip

vintage
* hypass register

= provides all the signals required to access the boundary scan register
= provides all the signals required to access any internal scan registers
= capable of tri-stating all the chip outputs via a single instruction shift

18.3 TAP signals

The JTAG TAP uses the following inputs and outputs:

TDl ———
TMS ——»|
TCK ——»

TRST_Reset ———»|
UPA_RST RAW____ |

fromBscan ——»|

fromlscan ———»|

manufacturersld[11:0] ——»|
chipld[15:0] ———»|
chipVintage[3:0] ———»|

status[13:0] ———»|

JTAGTAP

—» TDO
——— TDO Enable

—— bscanClock
————» bscanClockEnable
——— shiftBscan_n
———» updateBscan
——— toBscan

I inputModeControl_n
———— omc_Por_n
- highz

—— > atpgmode
—— > iscanClock
——» tolscan
- » enableClocklscan
—— > shiftClocklscan
- shiftDR
- » updateDR
——» inputCapture
——— outputCapture

— > userBits[7:0]

Figure 18-1
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