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1. Introduction 
This document describes the Sun-3 architecture. It i.5 intended as a rdereoce for Sun-3 !oftware, 

hardware , and systems implemeotors. 
Feature!. The Sun-3 architecture is an extension of the Sun-2 architecture. Its main features are ·· 

support of the 68020 CPU, the 68881 FPP, 8 KB pages, eight. 256 �ID context8, and a 32-bit. VMEbus. 
The Sun-3 architecture does not necessarily apply to any future CPUa. 

Nomenclature The nomenclature used in the Sun-3 a.rcbiture includes terminology common to the 68020 
processor terminology. Ex:unples "include word definition, byte addressing, address space dcfition, etc. 
Deviations from this nomenclature arc noted. Minus active signal names are suffixed with a minus_(-). 

Scope. This Sun-3 architecture manual describes all devices which may be included in a. Sun-3 CPU 
board plus all boards which are interconnected with the CPU board over a Sun defined memory bus. The 
manual does not describe devices accessible over the system bus (V�bus). 

.. 
· · 

Implementation. The main part of.this document is independent. or particular implementations of the 
architecture. Implementation specific data, such as timing information, need to be specified for each 
implementation. 

Correctne3�. An important goal or thi.5 document is correctness. Please report any erron, omissions, or 
oversights immediately so they can be corrected in future revisions. 

1.1. Definitions 

In the subsequent description of the Sun-3 architecture the following abbreviations are used: 

CPU: Central Processing Unit 

DVMA: Direct Virtual r-.1emory Access 
MMU: �1emory Management Unit 

PMEG: Page Map Entry Group 

POR: Power-On-Reset 

ECC: Error Correcting Code 

Sun Microsyslcms Inc CONFIDE�TIAL 1 6  �·by 1985 



Sun-3 Architecture R�v 2.0 Prdim Introduction 2 

1.2. Architecture Overview 

The Sun-3 architecture is divided into three !paces: the CPU �pa.ce, Control space, and Device space. 
11\��de. . 

T�e. c�u space comprises all references or the 68020 CPU in function code 7. Fe 'j j s ((·':.I ·�1::. �c 

The Control space is the core or the Sun-3 architecture. It includes the Sun-3 memory management unit 
(the .•MMU• ) as well as all other Sun-3 architecture extensions to the CPU, such as the bus error register, 
the system enable register, tbe diagnostic register, and the ID-PROM. The ID-PROM contains a unique 
serial number and indicates tbe implementation type or the architecture. 

The Device space or the Sun-3 architecture defines what devices exist in the architecture and bow they 

are accessed. These devices include main memory, the system bus (VMEbus), and 1/0 devices. 

The CPU may directly access one device, the Floating Point Accelerator, in Device Space without MMU 
address translation and protection checking. 

All other CPU accesses to Device Space pass through the M�ru and thus are translated and protected in. 
an identical fashion. In addition, direct memory accesses by DVMA masters such as the Ethernet, SCSI, 
and the VMEbus slave interface also pass through the memory management and thus operate in a Cully 
protected environment. 

The· figure below illustrates bow the CPU, MMU, and. devices are interconnected in the Sun-3 
architec

.
ture. The CPU sends out a. virtual address that is translated by the MMU into a physical address. 

The VMEbus Master Interface, Main Memory, Video M�mory, and I/0 Devices are addressed with 
physical addresses on the right side of the MMU. 

DVMA devices and the CPU must arbitrate for and share the virtual address bus on the left 6ide of the 
M"t-.1U. Amo9ng the possible DVMA devices are the Ethernet interface, SCSI interface, VMEbu5 Slave 
interface, and a Cache Flush Controller, depending on the implementation. or these devices, the Ethernet 
bas the highest priority, a Cache Flush Controller 6econd highest, the SCSI third highest, the V�ffibus 
slave interface fourth highest, and the CPU lowest priority. 
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1. 3 .  Implementation Configurations 

The Sun-3 architecture allows e ach implementation of the Sun-3 architecture to have i ts own 
configurat ion or dev ices. In addi tion, configuration� may provide certain opti ons in terms o r  main 
memory size and 1/0 dev ices . With this configuration nexibility come a number or optiona l bits in 
reg isters. These Sun-3 implementation configurations are treated uniformly as follows: 

• Machine Configuration. The machine type in the IDPR0�1 ind icates which devices the  
machine has and which are valid options. Addresses for all devices defined in Sun-3 are foced 
by the Sun-3 architectu��: -�- · 

• Optional Control Space device3. Control Space devices are decoded from fields or address b its. 
·-- Most devices are uniquely identified by decoding A<31..28>, but  some devices may require 

the use of additional subficlds ror unique device identification. Address bits outside defined 
fields are ign ored on Con trol Space accesses. Accesses to unimplemented devices or undefined 
codes are discussed in the Bus Error Register section. · 

• Optional �fain �{emory. The minimum and maximum main memory for each Sun-3 machine 
type ar� implementation dependent . The smalJest minimum main memory site for any S,un-3 
configuration is 2 megabytes. The site or the main memory physical address 5pace. is also 
implementati on dependent. Any access to a main memory physical. address beyond the range 
of the max imum physical address space is unaerin ed . Accesses to memory that is addressable, 
but  not physically present, are discussed in the Bus Error Register ·sec tion.  

• Optional I/0 Device3. 1/0 devices are defined as Type 1 devices in Device Space. Most 1/0 
devices are uniquely iden tified by decoding physic al address bits A <20 .. 17>, but some devices 
may require the use or additional subfields for unique dev ice identification. Address bits 
outside defined fields are ignored on accr.sses to Type 1 devices in Device S�ace. Accesses t o 

1/0 dev ices which are optiona l to an im plementation but not installed or to codes undefined in 
an imp lementation are discussed in the Bus Error Register section. 

• High Order Virtual AddreJ3 Bit3. The Sun-3 architecture bas 28 bit virtual addr essing in 
Device Space. The treatment or v i rtual address bits A <31 . .�8> for CPU bus cycles in  Dev ice 
Space depends on whether the implementation supports the Floating Point Accelerator (FP A) 
option. For those im ple mentations that support the FPA, the only valid codes for A <31..�8> 
are OxO, OxE, and OxF. Code OxE accesses the FP A, and codes OxO pl us Ox.F access oth er 
Device S pace dev ices. Treatment of other codes are d iscussed in the Bus Error section. For 

those implementations that do not support the FPA, CPU virtual address bits A<31 . .28> are 
ignored in Device Space. 

• Optional Bit3 in Regi3ter3. The architecture ddines certain register bits, s uch as b its of the 

System Enable register, which control devic�s that may be optional or may not exist for a 

given im plementation. These register bits must exist for all implementations but will have  no 
affect in implementations for which the device is non-existent. 

• Unu3cd bit3 in Page �fap. Unimplemented bits in the Page �hp Physical Address and 
Reserved fields read back as O's. Unused Page t-.bp control bits may be read and written but 

have no affect. 

• Unu3cd bit3 in the Cache Tag3. For those implcmcnt:\tions th::1t support a cache, the Unused 

cache tag bits 0<7 .. 0> and unused Virtual Address tags arc undefined. The Reserved tag·-----·· 

bits 0< �9 .. �8> and D< 11 > may be rc:J.d ::tnd written but h::tvc no affect. 

Sun r-.1icrosystrms Inc COl\Tf'IDENTl:\.L 1 () t-hy 1985 
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2. Address Spaces 
The Sun-3 architecture uses three address spaces: CPU Sp�ce, Control Space, and Device Space. These 

address spaces are_ decoded with different  pro<:e55or function codes. 

The rollowin& table describe8 how different CPU function codes are mapped to the CPU, Control, and 
Dev ice space. 

FC Addrttl Sp�c• 

0 RutntcS 
1 Dnict Sp�c• (Uur Data) 
2 Dn1ct Sp�c• (Uur Pro&Ta.a) 

I Cont.rol Sp�ct 

4· 1lu•n•4 
& DtY1ce Sp�• (Supeni•or D�t�) 
0 DtYic• Gp�• (SuperTiaor Prorra.a) 

7 CPU Sp�c• 

2.1. CPU Space 

CPU space consists or all cycles that use function code 7. These include coprocessor cycles, interrupt. 
acknowledge, breakpoint and ring-protection cycles. 

2.2. Control Space 

Control space consists or all cycles that use function code 3. These include accesses to the memory 
management unit (the ·M�ru•), the bus error register, the system enable register, the user enable register, 
the diagnostic register, the ID-PROM, several cache related functions (ir implemented) , and an (optional) 
bypass path to the UART. 

2.3. Device Space 

Device space includes all devices th�t are accessed by the CPU with data or program space instructions. 
These devices include main memory, the V�fEbus �faster interface, 1/0 dev ices , and so on . All devices in 
Device Space, with one exception, are accessed Yia the MMU. This allows these devices to be protected, 
shared , and managed in a uniform manner in a multiprocess environment. The one exception is an 
optional Floating Point Accelerator, which is accessed by direct decoding of CPU virtual address bits 
A<31..�8>. The chapter on the FPA describes bow this device is protected and shared. 

Sun Microsystcms Inc CO:...'FIDENTIAL 16 �by 1085 
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3. CPU -�pace 
CPU �Space consists of all cycles that use function code 7. This includes coprocessor cycles, interrupt, 

breakpoint and ring-protection cycles. 

3.1. CPU Space Cycles 

In the Sun-3 architecture, address bits A<17 .. 16> are decoded to determ ine the type or CPU Space 
cycle as follows: 

CYCLE TYPE A17 

BRF.AXPO 1• T CYCIZ 0 

RIRCPROTECTIOI 0 

COPROCESSOR CYCLE 1 
IITDUUJPT ACl. CYCLE 1 

A1S 

0 
1 
0 
1 

CYCLE COICLUSIOI 

m:u 
BDU\ 
DSACJCIBDU\ 

AVEC/DSACK/BDUl 

Breakpoint and ringprotection cycles are terminated with Bus Error. 

Interrupt acknowledge cycles are d iscussed in the chapter on CPU Interrupts. 

3.2. Coprocessor Cycles 

The execution of •F-line• ope odes results in coprocessor bus cycles . There are-· eight possible 
coprocessors, identified by address bits Al5 through Al3. Sun-3 systems support one coprocessor, the 
MC68881 Floating Point coprocessor (FPP). This coprocessor is identified by A<l5 .. 13> = '001' and is 
is enn.blcd by bit. 0<6> of the System Enable register. 

•F-line• opcode instructions will terminate with an unimplemented instruction exception if external 
hardware asserts the· bus error signal to terminate the coprocessor cycle. Three conditions cause this· 
exception: first, access to any coprocessor except the FPP (i.e., any coprocessor code except A< 15 .. 1 3 >  
= '001'); second, access t o  the FPP while disn.bled (i.e., with EN.FPP = 0); and third, access t o  an 
enabled (EN.FPP = 1) but non-responding FPP. None or these conditions cause changes to the Bus Error 
register. 

Sun Microsy�tem!J Inc CONFIDENTIAL 1 6  M�y 1085 
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4. Control Space 
Control Space in�ludes the Sun-3 memory management unit and all Sun-3 architectural extensions· to the 

CPU. Th�se extensions include the bus error register, the system enable register, the user enable register, 
the diagnostic register, the ID-PROM. cache function� (if implemented), and an (option al) bypass path to 
the UART. 

4. 1. Access to Control:�pace Devices 

Space devices). Control Space devices are decoded from fields of address bits. Most devices are uniquely 
identified by decoding A<31 .. 28>, but rome devices may require the use of additional &ubfields for 
unique device identification. Address bits outside defined fields are ignored on Control Space accesses. 
Accesses to unimplemented devices or undefined codes are discussed in the Bus Error Register section. 

Control Space devices are identified by decoding fields of address bits. }\iost devices are uniquely 
identified by decoding A<31 .. 28>, but some devices may require the use or additional subrields for 
unique device identification. The Flush Cache Control Space operation requires decoding data bits 
D< 1..0> to uniquely identify the type of nush operation. 

I 

Each Control Space device has an associated address space for accessing .elements within the device. {For 
some devic�s this may be a null space.) These address spaces are shown in the summary table below. In 
this table, CX indicates the Context ID register. 

REG ISrr:PJKAP A<31 • •  28> 0<1 • •  0> SIZE TYPE ADDRESS FIElJ> 
------------

IO PR.O• 0� BYTE READ A<( • •  O> 
PACE MAP 0%1 LOHC PJr CX<2 • •  0>. A<27 • •  13> 
SECVEIT lAP Ox2 DYTE R/W CX<2 • • 0>. A<27 • •  17> 
COHTDCT REG. Oxl BYTE PJI 
SYSTD ElCABt.E Ox4 BYTE R/1 
USEA OVKA E!l ABLE. Ox6 BYTE PJI 
BUS EJUtOR REG • Orl BYTE R.f.}J) 
DIACJIOSTIC ru::c . Ox7 BYTE YRITE 

CACHE TACS oxa LOIIC PJ'I A< US • •  4>• 
CACKE DATA OxQ LOSC PJ'I A<U5 • •  2>• 

FUJSH CACHE OxA '01' 1/A. I'RITE CX<2 • •  0>. A<18 • •  4>•• 

SET (COITEXT) 
n.usH CACHE Ox.A. '10' 1/A. llRITE CX<2 . •  0>. A.<27 • •  13>. 

SET (PACE) A<12 • •  4> .. 

FLUSH CACHE Ox.A. •u• 1/A. IRITE CX<2 .. 0>. A<27 • •  17>. 

SET (SEC ){EXT) A<18 . •  4> .. 

BLOCl COPY (READ) O.xB J/A. READ CX<2 • •  0>. A<27 • •  4> 
BLDCl COPY (n IrE) OxB 1/A. ntn: CX<2 • .  0>. A.<27 • •  4> 

Unu1ed oxe • •  oxE 
UART BYPASS O.xl" BYTE PJW A<2 • •  1> 

• Depend• on ai:• o! c&cbe: ••• Control Sp&ct Optr&tion• for the C&ch• 
•• Deptnda on 1ix•• of cacbt and flu•h Se�: ••• cache Control Spact Op• 

The UAfiT is normally accessed t hrou�;b the M?\·W as a Type 1 device in Device Space. Sun-3 
implcmcnt3tions may provide an optional byp:lSs path in Control Space to access the UART directly. 

Accesses to Control Space devices which are optional to an implementation but not installed or to codc5 
undefined in an implementation are discussed in the Bus Error ncg istcr section. 

Sun Microsyslcms Inc CO!\�IDE0!TIAL lG �hy 1085 
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4.2. Sun-3 Memory Management Unit Summary 

4.2.1. MMU: Summary 

pk'' lin: 
ttpnt. .S.1re: 

proceu tin: 
t of contuta: 
t of upent../conten

'
: 

t of pa.cu/upnt.: · 
t of P••c•: 
t of p�•• tota.l: 
•. of upnt1 total: 

8 IBytu 
129 lBytu 
26& mlytu 
8 
2049 
15 
2U 
4000 

1«)384 

4.2.2. MMU: Address Translation 

2 0 27 17 15 u 12 

Virtual Addr••• I (3)1 (11) 

Sepnt. bp: 

--

ext upent t 
I I 

7 0 

(B) 

P••c • 
I 

28 27 24 2! 

111111111 (2) 11111 @ 

(4) I 

P�l• I 
I 

I 
I 
I 
I 
I 
I 

I 
I 

10 18 

(13) 

byte t 

0 . 

(10/11) 

0 

T: Ta.lid bit. bpliu rt&d &CCIII 
phJoic>l >ddnu (S2/2() Q4v rl /} 

w: write a.cc••• bit. 

•: •J•t•• a.cc••• bit 

x: don•t cache bit 

a: a.ccu"c1 bit. 

a: aodifhc1 bit 

typcOO: •�in aeaorJ 

tJP=Ol: Sun-! I/0 •pace 
typa1Q: \�nl 1G-bit d�ta. 

tJP311: \�u• 32-bit d�ta. 
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4.3. MMU Overview 

The memory man:lgement consist.a or a context register, a segment map, and a page map. Virtual 
addresses from the processor and DVMA devices are translated i n to inte rmediate addresses by the 
segment map and then i n to physic:ll addresses by the p:lge map. The MMU uses  a p:lge size or 8K bytes 

and a segment 6ize or 128K bytes. Eight contexts with an address 6pace or 256M bytes each are prov ided . 

4.4. Contexts 

The Sun-3 MMU is divided into 8 d istinct address spaces or •contexts•. The current context is selected 
by means o r  a 3-bit context register. The same context applies to both user and supervisor state. 

Init1�11z�t1on: Jon• 

REGISTER/lAP A<31 • •  28> D<l • •  O> SI� TYPE ADDRESS FIELD 

COl TEXT REG .-·· 

COITEXT RECISTEJl 

BIT 

D<2 • •  0) CX<2 • •  O> 
D<3> Ruernd 
0<7 • •  4> Undefined 

Od 

4.5. Segment Map 

KEAJIIC 

a b1� Ccntt� I.D. 
R•••rTtd: Rtadt b�ck �· 0 

Content• undtf intd wb•n rtL4 

The segment map bas 16384 entries. It is indexed by the 3 hits or the current context· register and the 

11 most sign ificant hits or the virtual address, bits 27 through 17. Thus, the segment  map is d iv ided into 
8 contexts or 2048 entries each. Segment map entries are 8 bits wide, pointing to a page map entry group 
(pmeg). 

REGISTER/lAP A<31 • •  28> D<l • •  O> SIZE ADD P.ESS F I El.D 

Ox:2 BYTE CX<2 .. 0>. A<27 • •  17> 
--------------------

4.6. Page Map 

The page map contains 4096 page en tries each m apping an 81( byte page. Page map entries are 
composed of a valid bit, protection field, don't cache bit, type field, acc�ssed and modified bits, and a page 

number. 

The page map is divided into 256 sections of 16 ent ries each. Each section is pointed to by a segment ­

m�p entry and is called a page map entry group, or pmeg. 

REGISTER/� A<31 • .  28> 0<1 • •  0> SIZE ADDRESS FIELD 
-------------------

PAC£. ltAP Oxl LOIIC CX<2 .. 0>. A<27 . •  13> 

Sun l\iicrosyslems I oc CO�'FIDENTIAL 16 r..b.y 1985 
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4.6.1 .. Valid Bit 

The valid bit means that the page entry is valid . It also allows read �nd execute access to the page . 

4.6.2. Write Bit 

The write bit allows write access to the page. 

4.6.3. Supervisor Bit · 

If the supervisor bit is set, the read and wri te access protection apply only to 6upervisor accesses, and 
user accesses are proh ibited. 1C the supervisor bit is clear, then read and write accesa protect ion apply 
both to superv�or accesses and user accesses. 

4.6.4. Don't Cache Bit 

U this bit is set then the page rereren ·d will not be cached in a Sun-3 external cache. The Don•t Cache 
bit has no aftect __ on the use or the lC68020 internal instruction cache. It is meaning ful only Cor 
implementations of the Sun-3 arch i tef tre that include an external cache. In these implementations, the 
bit only has mean ing Cor Type 0 par.� in Device Space. In machines without a cache the bit can be read 
and written but has no eC fecl. 

4.6.5. PageType 

The 2-bit page type field provides for four physical address spaces, each starting at a physical address of 
0. The four types are: 

PUAP<27 • .  2�>: rYP£ 
o - hin luorr 
1 - I/O Dnicu 
2 - �us 1�-bi� dLt� 
a - �u· 32-bi� dat� 

4.6.6. Statistics Bits: Accessed and Modified 

The accessed bit is set whenever a page is accessed, on read or write cycles , through the MMU. The 
modified bit is 6et whenever a page is modified (written into) through an MMU page access. The statistics 
bits are automatically updated for all cycles requiring an h.fl\fU access except if the page is inval id or 
protected . 

f):tAP<:ZS>: ACCESSED 
0 - Jot Acc••••d 
1 - Acc .. ud 

P¥AP<24>: IOOIFIED 
0 - lot JrodH hd 

1 - lodithd 

In Sun-3 implementations with 3 cache, the accessed and modified bit� are only updated on memory 

accesses that • miss • the c ach e . The sections •The �1�fU Access Bit • and • Modified Bits for the Cache 
and �it>.fU• in th� Cache chapter further discuss statistic bit upd ates in systems with a cache. 
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4.6. 7. Reserved Field 

The reserved fidd in the page map ba5 no function. It. can be written inlo, bul it always reads back as 
0. 

PlAP<24 • .  10>: RESERVED 

4.6.8. Physical Page Number 

The page number field in conjunction with the byte address generates the physical address. The 
physical page number field is either 11 bits or 19 bits wide. In conjunction with the 13-bit physical byte 
num�er, the 11-bit physical page number field generates a 24-bit physical address field, whereas the 19-bit 
physical page number field generates a 32-bit. phy&ical address field. In case or the 1 1-bit physical page 
number field, the unused map bits < 18 .. 12> have no function; they can be written into, but they always 
reads back as 0. 

The size or the physical address space ror each device is limited to be no larger than the size of the 
physical address field in the M�fU, but may be less. For Type 0 space (main memory), the size or the 
physical address space is implementation dependent. For Type 1 space (I/0 space), the size or the physical 
address space is device dependent. For Type 2 and 3 (VMEbus) space, the physical address space may be 

32, 24, or 16 bits. 
· 

PMAP<tB • •  O>: PACE JUXBER 
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4.7. ID PROM 

The purpose or the ID PROM is to prov ide information about. tbe machine. This includes ba.sic 
information on the machine ty pe , a unique seri:ll number for software licensing and d istrib utio n , a unique 
Ethrrnct address, the date or manufacturing, and a checksu m. In addition, the ID PRO�i stores 
configuration data for the machine. 

The ID PROM is a 32 byte bipolar PROM that is not mod ifiable. 

lECISTER/IAP A<31 • •  28) 0<1.:0> SIZE TYPE ADDRESS FIELD 

uorao• 

BYTE JAKE 

O:xOO ID PROll 0 
O:x01 ID PROll 1 
0%02 ·10 PROll 2 

Ox1F ID PROll 31 

OxO BYTt READ A<4 • .  0> 

n:AJIIC 

ID Proa byt.t 0 
ID Proa b)'tt l 

ID Proa bft.t 2 

ID Proa byt.t 31 

The content or the ID PROM is as follows: 

E:ntrJ Field 

(1) Foraa.t. 
(2) •�chine Type 

(!) Ethernet. Addr••• 

(4) D�tt 
(6) Seri&l luaber 

(e) Cbecksua 

(7) Ruern4 

In detail: 

1 BJh 
1 Byt.t 
8 Byt.u 
4 Brt•• 
3 Byt.•• 

1 B7t.t 
1& Byt.tl 

(1) Format. The format of the ID PRO�L 

(2) Afachine Typ-e. A number specifying an implementation or the architecture. 

(3) Elhern't Addre.,�. This is the unique 48-bit Ethernet address assigned by Sun to this machine. 

(4) Date. The date the ID PRO�i was generated. It is in the form o( a 32-bit long word which contains 
the number or seconds since January 1, 1970. 

(5) Serial Number. This is a 3-by te serial number. 

(6) Check�um. The checksum is defined such that the longitudinal XOR of the first 10 bytes of the 

·-_PROM including the checksum y ields 0. 
(7) Re,erved. Tb� field will be specified in a future revision or this document. 
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4.8. System Enable Register 

The System En able Register enables sy stem facilities and allows booting. Th is register can be read. and 
wri t ten under sortware control and is cleared on Power On (hardware resel) and \Vatchdog reset, but not 
upon CPU r eset. Bits are assigned as follows: 

In1t1�11Jat1on: Set charter on CPU Reaet 

RECISTER/KAP A<!1 . •  2B> 0<1 • •  0> SIZE ADDRESS FIELD 

SYSTD DABlL Od . •  BYTE 

The fields of the system enable register are as rollows: 

SYSTD EllABLE a£C I STEll 

BIT JAlll: 

0<0> DI.OIAC 

0<1> D.FPA 
0<2> D.COPY 
D<S> EI.VIDED 
0<4> D.CACHE 

0<6) D.SDVltA 
D<a> EI.FPP 
0<7> D.BnOT-

IEAIUG 

R•Ld back d1agnott1c awitch 

Enable Floatinc Point Accelerator 

Enable cop7 aode to �ideo aeaory. if pretent 
Enable Tidec ditpl�J 
Enable exto · •lal cache U pruent. 

'Ena.bh IJ!!" a DVIA U prunt 

Ena.bh fbat.ing point proceuor U preunt 
Enable �ot State (0 �) boot. 1 �) noraal) 

When cleared on reset, all bits are in�dalized to 0. In this state, boot state is active whereas all other 
enabled devices are disabled . 

. EN.DIAG. This bit reads back the external diagnostic switc h. A •o• bit read means that the switch is 
in its normal state (not-diagnostic), wh ere:::.s a •1• means that the switch is activated (diagnostic). 

EN.FPA. Enable the Floating Point Accelerator, if present. Ir th is bit is de�serted, then accesses to the 
FP A cause a bus error, setting the FP AE!\'ERR error bit in the Bus Error register. If the bit is asserted, 
accesses are direc ted to the FPA. In the later case, if no FPA is present, then the access will result in a 
TI�OUT bus error recorded in the Bus Error register . 

EN. COPY. This bit enables the copy update mode to the v ideo m emory, i( pr esent. 

EN.VIDEO. This bit enables the video signal to the v ideo monitor, if present,  

EN.CACHE. This bit enables the external cache, if present. 

EN.SDVhfA. This bit enables the system DVl\fA from the system bus (V�t:Ebus), if prese nt . 
EN.FPP. This bit enables the floating point coprocessor (FPP), if present. See the section •Coproc�sor 

Cycles• in the CPU Space chapter for a description or instruction exce ptions resulting from accesses to the 
FPP coprocessor while (EN.FPP = 0}. 

· 

EN.BOOT-. Boot state (minus active) forces all supervisor program fetches to the EPROM device 
. independent or the setting of the memory management. All other types or references are unaffected and 
\Vill be m apped as during normal operation of the processor. 
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4.0. User DVMA Enable Register 

On implementations of the architecture that allow user DVMA. this register con trols which con text. 

ha.ve DVMA a.cce!S. For e3.Ch context. a &eparate enable bit is prov ided. 
ID1t1�11r��io�: S•• cb�pt•r o� CPU ktttt 

lEClST.ER/WAP A<3l • •  2S> 0<1 • •  0) SllE TYPE ADDRESS F IEl.D 

The fields or the user DVMA �n�ble register are as rollows: 

tJS:m DVKA DABLE a.r.ctSTEI 

BIT lA£ WF..UIIC 

0<0> D.CXO En�blt Uttr DVKA to Context 0 

0<1> D.CX1 EA�blo Uaer DVKA to Context 1 
0<2> EI.CX2 En�ble Uatr DVMA to Context 2 
0<3> D.CX3 En�ble Uaer OVKA to Context 3 
0<4> EI.CX4 En�blt Uaer OVKA to Context 4 
D<6> EJ.CXS En�ble Uaer DVMA to Conttxt 6 

0<8> D.cxa En�ble Uter DVMA to Context a 
D<7> D.CX7 En�blt Ua•r DVXA to Context 7 

When cleared after reset (see the chapter CPU Reset) , all bits are initialized to 0. In this state, all user 
DVl\fA is d isabled. 
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4 . 10.  Bus Error Register 

\Vben an e rror occurs during a CPU bus cycle to Control Space or De v ice Space whose cause is iden t ified 
sy nch ronously w ith the bus cyc le , then that bus cycle terminates w ith  a Bus Error signal , and the cause o f  
t h e  error i s  captured in the Bus Error register. The Bus Error register may also be  w r itten when 
coprocessor cycles in CPU Space t ime out,  causing an un implemented instruction exception (s� below). 
However,  no other b us cycles alter the Bus Er ror register. This includes,  in particubr , DVMA cycles and 
o ther CPU Space cycles. 

The Bus Error register always "latches the cause or the most recen t  bus error for the CPU bus cycles 
indicated above. Thus, in the case of stacked bus errors , the information relating to the earlie r bus errors 
is lost. 

The Bus Erro r reg ister is a read-only register. 
lni�i�li:atlon: lone 

RECISTER/lAP A<31 • •  2B> 0< 1 • •  0> Sl� TYPE. ADDRESS F IEl..D 

BUS. ERROR REG . 0%4 BYTE 

The fields o r  the Bus Error register are defined as follows: 

BUS ERROR REG I STER 

BIT lAME 

D<O> Unund 

0 < 1 >  Unund 

0<2> FPAEKErut 

0<3> FPABFAA 

0<4> VKEBDUt 
0<5> TikEDUT 
o<e> PRO !ERR 
0<7> IIVALIO 

------------------------------

---------
kEAIIIIO 

--------------

FPA E.n�ble e rror 

FPA ba1 e rror r e 1 pon1 e 

Vl(Eba• Baa Error 

Timeout. Error 
Protection Error 
lnn.l i d  Pt.ge 

In more det ail, the bus error conditions are as follows: 

• FPAENERR is set, in implementations that support t he Floating Point Accelerator, whenever 
the CPU attempts to access the FPA while i ts enable bit  is reset (EN.FPA = 0). 

• FPABERR is set whenever the Floating Poin t Accelerator signals an error during a CPU bus 

access . The FP A has no interrupt capability ; all erro rs must be reported as bus errors. 

• VMEBERR indicates that a CPU cy cle to the V�ffibus was acknowledged with a VMEbus bus 
error. 

• TIMEOUT resu lts from accessing non-exist ing dev ices, both on-board and off-board , du r ing 
those CP U bus cycles w hich may record bus errors . For Sun-3 systems w ith caches, timeou ts 

may also result  during \Vrite Back cycles; t hese are reported through the r...fcm o ry Error 
Control register, not the 13us Error reg is ter . All bus error timeou t conditions are sum m ar i z ed 

below. 

• PROTERR indic ates a protect ion Yiobt ion resu l ting from an a t t e m p ted acc ess to a Dev ice 

Space page d u rin g a CPU bus cy c le. Protection errors resulting from cache accesses are 
d isc ussed in the section • Definition of Cache P rotec t ion • in t h e  c h apter on t he Sun-3 Cach e.  
�1�1U p ro tec t ion errors are  detected d u r ing M �ru address t ranslation . Two er rors a r e  possible . 
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F i rst . an at te mpt to write in to a valid page whose Write acce�s bit is reset causes � 

PROTERR. St"cond , an at t.tm pt to access with User perm i s6io n  a v al id page marked 
Superv �or access also causes a PROTERR. 

. 

• INVALID means that the v alid bit in the page m ap w as not set d u ring a CPU bus cycle to a 
Device Space page . 

I S  

Timeout errors, resul ting from accesses to non-existing dev ices, may occur o n  CPU bus cycles to Control 
Space o r  Dev ice Space. 

Control Space devices are d ecoded from fields o r  add ress bits; most d ev ices are decoded from 
A < 3 1 ..28 > .  Accesses to invalid codes within defined fields or to unimplemented Control Space dev ices 
will set the Tl�fEOUT bit in  the Bus Error register. 

For accesses to Device Space , the treatment or CPU v irtual add ress bits A <31..28> depends OD 
whether the implemen tation supports the Floating Po int Accele rator (FPA). In implementations that 
support the FPA, any Dev ice Space accesses from the CPU in which virtual address bits A<31 . .28> c:z 

(Ox 1 through OxD) resu lt i n  a TI�fEOUT bus error .  Ir the FPA is enabled (with EN.FPA = 1 ), accesses 
to a non-exist ing FPA also cause a Tir..fEOUT bus e rror .  In implementations that do not support the 
FPA, A<31 ..28> are ignored. 

Other accesses to Device Space may cause timeout bus e rrors , as follows. Each implementation defines 
the s ize of  its own Type 0 physical address space . This address space i ncludes main memory and (optional) 
frame buffers. Any Dev ice Space access to e ither main memory o r  a frame buffer address space which is  
addressable, but n o t  physically present, results in a Tlr..·fEOUT bus error.  This m ay include, i n  particular, 
the Direct Access address space for the Copy-Mode frame buffer and the address space for the Video-RA�i 
frame bu ffe r. 

· 

Sun-3 1/0 devices are Type 1 dev ices identified by fields of add ress bi ts; most dev ices are uniquely 
iden tified by A<20 .. 17> .  Accesses to devices which are optional but n o t  installed, or to invalid dev ice 
codes with in defined fields, result in a TI�fEOUT bus error. 

Accesses to Type 2 · o r  3 Dev ice Space (the VMEbus r..bster in te rface) may result  i n  a TI?\1EOUT bus 
e r ror if  the addressed Vr..1Ebus dev ice fa ils to respo nd w i th in a defined t ime interv al , which is  spec ified for 
each implementation. 

4 . 11. Diagnostic Register 

The d iagnostic register d r iv es an 8-bit LED d ispby for d ispby ing error messages. A •o •  bit written w ill 
cause the correspond in g LED to light up, a • 1 •  bit. to  be dark .  Upo n  power-on-reset, the d i agnostic 
r egister  is initialized to 0 caus ing all LEDs to l ight u p. 

In1ti L1 1 z Lt i on : S e e  chLp t e r  on CPU R• • • t 

REC ISTER/KAP A<3 1 • .  28> 0< 1 . •  0> S I �  TYP£ ADDRESS F I ELD  

D I AC!WST I C  R.E.C .  O:r.7 

S u n  �1 ic rosy 5 t C'ms  Joe  

--------------------------
an:: n t tt  
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5 .  Device Space 
Device space includes all the dev ices or the system that are accessed through m�mo ry m an agcm t n l .  

This includes m ain memory , v ideo memory , t h e  system b u s ,  a n d  input/output dev ices. 

In the following, each device  is described in terms of its add ress, in itialization , interru pts, exceptions,  
reference,  and register mapping. 

Not. all  dev ices are present in  all  implementations of the architec ture. The address assignment o f  :J.ll 
Sun-3 dev ices ,  h owever,  is flXed.  ·\Vhich devices are present are d escribed in the implemen tation d ocument  
Cor each machine type. However,. the following dev ices are required for al l  implementations: 

o Main Memo ry 

• Memory Error Registers 

• Interru pt Register 

• EPROM 

• EEPROM 

• Clock 

5 . 1. S un- 3 Physical Address Map 

The Sun-3 phy s ic al address map is fixed for all implementations of S u n-3 architecture. In the m ap below, 
the Type code for each d ev_

ice and the base address (in 32 bit hex n ot:J.tion) for the d ev ice's :J.dd ress space 
are shown. 

The base address shown (below) for each device  m :1y be div ided into address subficlds: one (or more) to 

ide n tify the d e v ice and one to define the dev ice's address space. 

Most Ty pe 1 d ev ices are u niquely identified by d ecoding physical address bits A < 20 . .  17 > ,  but some 
dev ices m ay requ ire the use of addition al fie lds for u n ique dev ice identific ation. Add ress bits ou tside 

d efined fields are ignored on accesses to Ty pe 1 devices in Device S pace. Accesses to I/0 dev ices which 

are optional to an implemen tation but not installed or to inv alid device codes within d efined fields are 
discussed in the Bus Error Register sect ion . 

Ty pe 2 and Ty pe 3 spaces are V�1Ebus spaces. The size of the V�fEbus address space is identi fied by 
decod ing h ig h  order physic3l address fields. (A< 3 1 ..24 > = OxFF) identifies the 24 bit  field , and 
(A <31 . . 16> :::;:: OxFFFF) identifies the 16 bit field. 

The number of  physical add ress bits which define a d ev ice's :\ddrcss .space depends on the M�1U Type 
field and the im plemen tation . The size of  Ty pe 0 physical address space for main memory is 
im plement ation dependent. The size of the address space required for e ach Ty pe 1 d ev ice v :Hics according 
to the dev ice . For Ty pe 2 and 3 (V:MEbus) dev ices,  the 3 2  bit VMEbus ad d ress space excludes the top 16 
MB , and the 24 bit VM.Ebus add res� 5pace excludes the top G4 KB. 
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SUJI-3 PHYS ICAL ADDUSS J.SS I C II W:O TS 

TYPE. 

0 

0 

0 

0 

0 

1 
1 
1 
1 
1 
1 
1 
1 

1 

1 

1 
1 
1 
1 

1/A 

PKYS I CAL BAS£ 

ADDRESS 

DEV I CE PHYS I CAL 

ADDRESS SPACE 

•ot.e : S h e  o f  TJP• 0 Ldd r e u  apa.ce h iapl eaenta.tion dependent 

OxOOOOOOOO bin lfeaory bpl . Depend . 

o:a1lo toopoo Ja.in-Jeaory FrLat Buf f • r  A < 1 8  • •  0> 
ox0o 1 oo

·
ooo CopJ-Xodt FrLae Buf f e r  - A<18 • •  0> 

Cop7 llode a.cceu 

Oxf'FOOOOOO CopJ-IIodt F r a.ae Buf f t r  - A < 1 8  • •  0> 
Di rect. &cc:eu 

oxnoooooo Video-RAM FrLat Buf f e r  A<20 • •  O> • 

llot e :  TJPe 1 deTic• • ident i f i e d  fro• Addre•• f i e ld• : • • e  • •ch dtTic•  

OxOOOOOOOO leJboud/Xouu 

Ox00002000 S e r ia.l Port. 

Ox00004000 IDROII 

Ox900QMOQ T� of D&J Clock 

OxOOOOBOOO lltao ry Error Re , i a t e rt 

OxQOOOAOOO Inte rrupt ae,i a t e r  

OxOOOOCOOO Inte l Ethe rne t  I ntt r f aet 

OxOOOOEOOO Color Jap 

oxooot oooo �----EPao·• 
Ox000 12000 ArJ Etht r � t t  Inte r f ace 

Ox000 1 4000 �CSI I nt t rhce 

Ox00018000 (r e u rnd) 

Ox000 1 BOOO (r u e rnd) 

Ox000 1 AOOO (ru t rnd) 

Ox000 1 COOO Da.t L ELcryption Proc . 
O.rl>OOlEOOO ECC ll• aorJ R e g i ate r a  

Jot.• : T JP •  2 a pa.ct i 1  VXEbu1 1 8  b i t.  da.t& epace 

A<2 • •  1 >  
A<2 • •  1 >  
A< lO • •  0 >  
A<.t • •  0>. 
A<2 • •  0> 

(1 b,-tt) 
(1 b;rt.t) 

A < O  • •  0> 

A< 1 5 • •  0> 
A< l >  

A<( • •  0>  

A< l >  
A < 7  • •  0 >  

Add r e a e  f i e ld• A<31 • •  2 4 >  Lnd A<3 1 • •  18> identify &dd r e a t  a p ac • •  

OxOOOOOOOO 

oxrroooooo 
OUITFOOOO 

---------

VXEbua 32-bit Lddr• • •  a pace  
VIEbue 24-b it addr• • •  apa.ce 

.. VXD>u 1  1 15-b it a.dd r u •  • pact 

lote : TTPe 3 a p a.c t  i 1  �ua 32 bit. dat& a pact 

A<3 1 .  . 0> 

A<23 • .  0> 

A <  16 • •  0> 

Addr• • •  f i e l d •  A<31  • •  24> a.nd A<31 • •  18> 1d ent1 ! J  Ldd r • • •  a p ac t a  

0%{)0000000 

OxFFOOOOOO 

O.xFFF"FOOOO 

VYEbue 32- b i t  add r • • •  apact 
VXEbue 24-b i t  a.dd r • • •  a p a c e  

VlEbua 18-b i t  addr• • •  • pa.ct 

A<3 1 � . 0> 

A C 23 . •  0 >  
A< 1 6  • •  0>  

Jote : fPA 1 •  identi f i e d  bJ d t codin' V i r t u a l  Addr• • •  bite A < 3 1  • •  2S> 

Ox!DOOOOOO (V1rtu&l)  A< 1 2  . •  0> 
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5 .2.  Main Memory 

Maio memory is the primary &yt5te m memory .  It is contiguous in physic al addre�ses. The m in i m u m  5ite 

is implemen tation dependent but u at leas� 2 Megabytes. The number of MMU address bits d ecoded to 
de fine the maximum physical add rc� !pace is also implementation dependent. See the Bu!§ Error reg�ler 
section on the handling or accesses to addressable but nokxisting memory. 

Inl�lal1sa�1oa: Sof�•�r• 

TYPE. DEVICE JJ>Dl 

0 Cootiruou• . 
•tarti .. �t 0 

ADD I 

0 JDOiY 0 

DEVICE 

DATA 

LOIC 

ME. 

FHYS . SPACE 

Iaplntnt&­
tion Depnd . 

READ-lit IT£ 

In most implementations, main memory is built from dynamic RAM c hips. The dynamic RAM-s are 
refreshed in hardware. 

Main memory must. be protected by either parity or ECC check bits. In both cases, the protec tion bits 
(parity or ECC check bits) must be initialized by writing memory berore use. Errors detected in using 
memory are enabled and reported through the Memory Error registers. below. 

In implementations with ECC memory . the amount of memory data accessed in response to a CPU or 
DVMA bus cycle may be larger than required by the CPU or DVMA device. �1cmory errors detected in 
unused locations during the access may be reported to the Memory Error registers. 
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5 . 3 .  Frame Buffer: D ata O rganization 

Sun-3 i m plementat ions may bav� no video memory , monochrome video memory ,  or color video memory. 
'Monochrome video memory may b� implcmenltd using  a main- m emory frame buffer, a copy-mode frame 
b u ffer , or a video-RAM frame b uffer. Color video memory must use the video-RAM fr ame buffer. 

Addi tional, external display dev ices and fr ame buffers can be added to those implementations of the 
architecture that include a system bus. These external  frame b uffers are not. with in the scope of this 
d o.:ument. 

. . .  

T here are two data organi z a tionl5. for Sun-3 video memory :  one for monochrome and one for c olor .  The 
d ata orga n ization determines bow v ideo memory da ta are displayed on the screen. 

The d a ta organi:ta tion for monochrome v ideo. memory is a.s follows. Data bit 15 of Word 0 of the frame 
buffer is the first visible pixel .in the u pper left corner of the display .  Consecutive words are displayed 
along the horizontal scanline left to right. After <display-width > number or pixels have been displ3yed, 
the next word is displayed at the b eginning of the next horizontal line , up to < dispb.y-beight> number or 
lines. <display-width > and < d isplay-height> are implementation c onstants. The display d ata polar ity 
is such that • t • bits are black on the screen and • o •  bits are wh ite. 

I • <dl•pl �y-w idth) I 1 8  
• a <di • pl&y-h•ilht) 

16 0 1 6  0 1 6  0 16 0 
----------------------

I IOPJ> 0 I WORt> 1 I VORD 1- 1 
-------------------

I YORD I I WORD 1+ 1 
----------------

I YOP.D !1•1-1 

The d ata organization Cor c o lor video memory is as fo llows . Each by te or v ideo data corresponds to o n e  
d isplay pi.xel. A colo·r m a p, w hich i s  a Ty pe 1 device d escribed elsewhere ,  tra nsla tes t h e  by te into the 
d isplay pi.xel. Each bit within t h e  by te corresponds to a memory plane; eigh t planes are supported. By 
convention, bit 0 refers to p lane 0, bit.  1 to plane 1 ,  etc . - - --

The hi gh order by te in color video memory m aps to the first v isible pixel in the upper left corner or the 
d isplay .  Consecuti"t'e by tes are displayed as consecutive pixels along the horizontal scan line left to righ t.  
A fter < d isplay-wid th > n u mber or by tes a re mapped to pi.xe!s, the next by te maps to a pi.xe l dispbyed at 
the beginning of the next  horizon tal l ine ,  u p  to <display-heig h t >  number or l ines. < d isplay-wid th > and 
< d isplay-heigh t >  are implementation constan ts . 

I a < d 1 1 pl �y-y 1 d th) 

I D ( � i l p l �y- b e i&bt) 

7 0 7 

BYTE O=) P lX 0 I BYTE 1 

0 7 0 7 0 

BYTE 11 - 1  
------------- -------·---------

BYrE I=>PIX I BYTE 1+ 1 
---------------

-------------- - - - -- - - -- ------ - - --
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5 . 3 . 1 .  No Frame Buffer 

Ir there � n o  frame buHcr,  then the V ideo En �ble Bit and the Copy En able Bit of the Sy�tcm Enable 
Register are not used . 

5.3.2. Main-Memory Frame Buffer 

In this alternative the frame bufCer is resident
. 
in main memory and the v ideo display is refreshed out or 

main memory. 

The v isible d isplay area starts at maio memory address 1 megaby te and extends to the size or the 
display. The maximum size of the visible display area_is 1 28 k iloby tes . 

... 

Initiali1ation: Software 
Inte rrupt : Lt Y e l  ( AutoY• ctor 

DEVICE IJ>Dil DEVICE PHYS . SP AC% 

0 Ox00 100000 lain-Ke aorJ FrLae Bfr A< 18 . •  0) 

AD Oil 

OxOOlOOOOO 

OxOO UFFFC 

REG I�TER DATA 

FB OxOOOOOOOO LOXG 

FB Or000 1FFFC LOIG 

P.!AD-YRITE 

The only relev ant bit in the System Enable register is the Video Enable bit, which turns the display on 
and off. The Copy Enable bit has no effect. 

5 . 3 . 3 .  Copy-Mode Frame Buffe . ..  

In  this configuration,  t h e  frame buffer is lot .ted i n  a ded ic ated 1 �8K by te v ideo memory . Th is video 
memory is d u al ported: one port performs vide refresh , and the second port prov ides processor access. 

Ini ti�l i:�tion: Sof tw�re 
Iutt rrupt.: 

m£ D£VIC£ ADDR 

0 Ox00100000 

0 O.xffOOOOOO 

--------------

----- --------
DEV I CE  PHYS . SPACE: 

Copy-Kodt Fr&»t Bt r - A<10 • •  0> 
Copy lode a.ec • u 

Copy-lode Fr�•• B t r  - A< 1 0  • •  0) 
D i r t ct. a.cce a a  

------------------------
ADDR REC I STER DAT A  TYP!: 

Ox00 1 00000 or rB OxOOOCOOOO LOIIC READ-WR I TE  

OxFfOOOOOO 

OxQ0 1 1 fFFC or rB Ox000 1 ITf C  LOIC READ-11l l TE 

OxiTO l fTF C  

---------- -- --- ------------- --

Relev :1 n t  b its in the Sy stem En �blc registe:- :1 r e  the Video E n :l.ble O i t  :1nd t h e  Co py En :1b le D i t .  The 

V ideo E n :1ble bit.  t u rns  the d ispby on and orr. The Copy En:lble b i t  e n :1blcs the copy m od e  (see below ) . 
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The v id eo memory c an be u pd akd in two ways.  Firat, i t  c an be read and written d irec tly , l i ke  m emory . 

As 5 uc h ,  it is v isible as a 128 KDy te block of m �mory locations star ting at add ress OxFFOOOOOO. Second , 
the v id eo memory c an be w r itten in copy mode as a 5ide effec t or wr it ing into a 5pec ial region or m ain 
memory .  This reg ion starts at ad d ress OxOO l OOOOO. 

Main memory shadows v ideo memory in the range of phy�ical add resses 6tarting at 1 megaby tes and 

exte n d i n g  for 1 28 kiloby ks. This area or main memory is called the copy region. Ir the copy enable bit in 
the syste m  en able register is set, then d ata written into this copy region is also written into the video 
memory at the same location wi�hin the 1 28K region . A read from the copy region returns d ata rrom the 
m ain memory and does not affec t t_he v ideo memory.  

Note that the physical m ain memory and the Direct Access address space for the Copy-Mode Crame 
b u ffer n eed not form a contiguous address !pace. Ir the Copy-�iode frame buffer is unjmplcmen ted , an 
attempt to access the Direct Access address space may result in a bus error. See the B us Error register 
section for d etails. 

5 . 3 . 4 .  Video-RAM Frame Buffer 

In this configuration,  the frame bu ffer is located in a dedicated area of memory which is  d u al ported : one 
port performs v ideo refresh , and the second port provides processor access. The··size or the Video-RAM . 
frame buffer v aries by implementation , in 256 KB increments , from 256 KB m in imum to 2 l\ffi maximum. 

Init1 &li%&t1on: Sof tw & r a 

Interrupt :  La y a l  4 AutoTt ctor 

TYPE DEVI CE  ADDR DEVI CP:  

0 OxFFOOOOOO Vide o-lAX Fr&aa Bfr 

PHYS . SPACE 

• ILXiDu• : Miniaua i• A < 17 • •  0> (Iapl . d e p e nd . ) 

ADDR REG I STER DATA TYPE 
---------------------

OxFFOOOOOO FB OrOOOOOOOO LOIC READ-IR I n:  

OxFF 1 FFFFC •  FB OxOO lFFiFC• LO!IC READ-IRITE 

• Addr • • •  f o r  2 � DLX 1cua 

The on ly rele v a n t  bit in the System En able register is the Video En able bit , which t u rns the d ispby on 
and o ff. The Copy En able bit has no effect . · ···· · - - · 

The v ideo memory is u pd ated by read ing and writing it d irec tly , like memory .  Note that the physical 
m a in memory and the add ress space for the Video-RAM frame bu ffer need not form a con tiguous add ress 

s p ace.  Ir the V id eo-RAM frame bu ffer is  un implemen ted ,  an attempt to access i ts add ress space m ay 
result  in a bus e r ro r. See the Bus Error registe r section for d e tails. 
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5 . 4 .  Color Map 
The Color Map maps by tes in color v ideo memory into display pixels. It contains three 256 by te 

6ec tions: one each,  for red, green , and blue. 
Init1�11t�t1on: Soft•�r• 
I at.ernapt: 

DEVICE IJ>Ol DEVICE J>HYS . SPACE 

1 OxOOOOE'.OOO Color l�p A<O • •  O) 

AD Oil REC ISTDl DATA TYn 

OxOOO l!D lAP OxOO � WD_IRITE 

OxOP7 !ED IW' oxn � llUD_YRITE 
Ox lOO CRED lAP O.xOO BYTE READ _IR In: 

Ox1f7 CREEl lAP oxn BYTE llEAD _n I TE 
Ox200 � ttAr O.xOO BYtE READ_ 'IRI n: 

Ox211 � lAP  oxn BYtE RF.AD_IRITE 

The Color Map is generally written during vertical retrace. Foilowing the assertion or a Level 4 in terrupt 
for the color map, the map update must complete within 600 microseconds (the vertic3l retrace time) to 
avoid being v isible in the display . Longer updates will complete but the display appearance may be 

affected. 
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5 . 5 .  l\1emory Error Registers 

All S u n-3 implement�tions h ave either parity memory or error correct ing (ECC) memory .  ECC memory 
cor rec ts (and optional ly reports) single bit error�,  and it detects an d reports double bit errors. Errors 
detected in both versions of memory are reported with the �femory Error registers described in this 

section . In add ition , other errors resulting from Sun-3 cache operations are also be reported in the Memory 
Error registers. 

The Memory Error registers consist of a control and an address register. lC an error occurs, the control 
register stores information relev an t to the error, and the address register freezes the virtual address of the 
bus cycle in error. 

- · -

Errors are reported via the non-maskable level 7 interrupt. In c ase or multiple (stacked) memory errors, 
the information relating to the first error is latched in the memory error registers. The interupt is held · 
pending and the error information in both memory error registers is latched (frozen) u ntil it is cleared 
(u nfrozen) by a write to bits <31 ..24 > of the Memory Error Address register. This write does not affect 
the enable bits 06:04 or the Memory Error Control register. Disabling the PARITY CHECK bit in the 
Memory Error Control register for parity memory also clears the interrupt and error in formation . Finally, 
Power On and Watchdog resets clear .the entire �iemory Error Control register. 

I�iti�liz•tion : s •• ch�pte r  OD CPU a • • • � 

I nte rrupt: LtYel 7 AutoYector 

1 

DEVICE A.DDR 
(Dtcode A<20 • •  17>) 

DEVICE PHYS . S'P ACE 

-----------------------------------------
OxOOOSOOOO l•aorJ Error 

R•&iltera 

A<2 • •  0> 

-----------

ADDR 

0 

4 

·---- '----·----------------

REC lSTER 

KDfORY DU\OR COK TROL 

HEJroRY EAAOR ADDRESS 

DATA 

BYTE 
LOJiC 

REA.D-IR I TE 
RE.lJ)-Oifl.Y 

The memory error address register freetes the virtual address, the context n u mber, and a DVMA/CPU 
ide n t i f ier or the memory bus cycle in error. For implement ations w i th ECC memory , the Memory Error 
Add ress register does not record the fail ing address on Correc table Errors (bit D <O >  or the Memory 
Error  Con trol register). The phy s ical add resses for CE's are captured in  the Correctable Error register on 
e ach memory board . (See the  sec tion • The Correctable Error Registe r •  in  the c hapter on ECC Memory . ) 

lEERY ERROR ADDRESS R.EG I S  T Ot  

BIT lAKE 

0<27 • •  00> VA <27 . .  00> 
0<30 . .  28> CX<2 • .  0> 
0<31>  DVUA-BIT 

rnd-only 
r a �d-only 

rnd-only 

n:AI IJIC 

V1rtu�l Add r • • •  (28 b 1 t) 
Conte� luDber (3 bit) 

DVXA cycle  a rror 

The control register  h:l.S two form ats , one for p a r i ty m � m o ry and one for ECC memory . The two 
fo rmats are s t r u c t u red simibrly : 0 < 3 . . 0> record the ty pe of e rror , 0 < 6 . . 4> are en able bits, and 0 < 7 >  
is t h e  i n terru pt bit. The cont rol register  for ECC m<-mory records both ECC errors and errors resul t ing  
fro m  Su n-3 cache  operat ions (if i m plem e n te d ). 
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5 . 5 . 1 .  Error C ontrol Reg for P arity Memory 

For systems equ ipped w ith parity main memory,  the memory error control reg ister prov ides the 
necessary con trol and information to deal with parity errors. 

It. stores the in for m at ion o n  the byte(s) causing the parity error, sets a pending parity error in terrupt, 
and prov ides fu n ctions to test parity error checkin g. 

kEXORY ERROR COITROL REG ISTER for Par itJ Mtaory 

BIT TYPE: • 

LHO> PARI TY  DtR.Or\ 00 ru .d-only 
1> < 1 >  PARITY ERROR. 0 8  re �-onl7 

V D<2> PARITY ERROR 1a re ad-onlJ 
f.". D<3> PARITY DUUlR_ 24 rud-onlJ 

.-,-i)(.4)- -·- PARITY CHECI rnd-w r ite 
� D<6> PARITY TEST r u d-n i t e  
't ·t><«S> PAR I TY Ill DrB1. rnd-w r 1 t.e 
� D<7> PAR I TY  IITRPT r e �-onlJ 

Parity Error, bit• 007 : 000 
Parit7 !rror, b it• D 1 6 : DOB 

Parity Erro r ,  b1ta D23 : D1a 

P&rit.y Error, _ b itt D31 : D24 

Enable parity eheckinr 
T • • t  by inYartinr par it.J 
P �rit.7 inte rrupt enable 
P arit7 inte rrupt (l e Y e l  7) 

• The fou r  parity error bits are set when a p arity error � detected in the corresponding by te. 

• Parity check is set to enable parity checking on memory read cycles. 

• Parity test is set to write parity with the inverse polarity to test the operation of the parity 
error circ uitry . \Vith parity test off, correct parity is generated on all memory w rite cycles . 

• P arity interrupt enable enables lev el 7 interrupts if a p arity error is detected. 

o Parity i n terrupt is true if a parity interrupt is pend ing . 

5 . 5 . 2 .  Error Control Reg for E C C  Memory 

For sy stems equipped with ECC main memory , the Memory Error Control register prov ides the 
necess:uy control and information to deal with both c ache related and ECC errors. 

�RY ERROR CON TROL REG IStER f o r  ECC l e mory 
----------- ---------------------------

B I T  ISUE TYPE IEAI U C  
-------- -------
0< 0> CE r n .d-only Co r r e ct�b l e  Er r o r  

D< 1 >  UE r • �d-o:llJ Uncorr e ct�bl• Er ror 

D<2>  'IBACKDlR r nd-onlJ W r it• B�ck e r r o r  

D<3> 'fB T I l!EDUT r ud-only W r i t e  B�ck cycl e t 1 a e  o u t.  

0 < 4 >  DIABLE. a: r • �d-., r i t• En ab l e  CE r e c o r d i n '  

0 < 6> BUSH OLD r e �-w r i t e Hold a e aory bn•  • � • t • r • h i p 
O <ts> :EJ( ABU: u 1 r • �-w r1tt En �b l •  e r ror 1 � t • r r up t •  

0 <7 >  ERROR I ll T  r u .d-on l J  E.r ror i nte r rupt. 

• The CE bit re co rds � correc t�ble e r ror. It fun c t io ns som ew h at d i fferen tly fro m  other error bits· · - ­

D < 3  .. 1 > .  I f  e n �bled by the ENABLE CE b i t  D < 1 > ,  th e CE bit is set if t he ERROR 
STATUS b i t  D < O >  o C  the Co r r e c t able Erro:- Reg on AJ".4'Y m e m o ry bo�rd is ac tiv e ( i n d i c at i n g  
a C E  o n  t h a t  b o a r d ) .  I t  rese ts  o n ly if  ALL E r ror  Status b i t s a r e  reset .  I n  par t icubr ,  rese tt in g 
the  M e m o ry E r r o r  Regis t e r  by w r i t i n g to the  M e m o ry A d d ress Register d ocs NOT rese t t h e  
C E  bit .  ( S e e  also t h e  sec t io n  •Th e  Corr<.'c t able E r r o r  fl e g is t c r •  i n  th e c h a p t e r  o n  E C C  
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Memory .) 

• The UE bit records an Uncorrectable error. 

• \VBACKERR is set whenever there is a translation exception during a \Vrite Back bus cycle 
for implementations with a cache. See also the section • Cache Error Conditions• in the Sun-3 
Cache chapter. 

• The WB TIMEOUT error bit is set whenever a bus time out i5 detected on an Write Back bus 
cycle for implementations with a cache. Write Back cycles are 2-Sy nchronous with respect to 
CPU and DVMA bus cycles. See also the section •cache Error Conditions• in the Sun-3 Cache 
chapter. 

• The address captured in the Memory Error Address register for WBACK and TIMEOUT 
- errors is that of the cache block which caused the error. 

• ENABLE CE enables the record_ing of a Correctable error as bit D < O> .  

• The BUSHOLD bit causes the CPU board to retain memory bus mastership for those 
implementations that support. a multi-master memory bus. 

• ENABLE INT enables an interrupt to the processor (bit 0 <7 > )  Cor any or the error 
conditions 0 <3 .. 0 > .  

• The ERROR INT bit signals a level 7 interrupt. to  the processor. 

2S 

The Memory Error Address register acts in conjunction wi.th the �iemory Error Control register for 
ECC memory to freeze the failing virtual address for all error conditions recorded in Error register bits 
0 < 3  .. 1 >  (not CE's) . The physical addresses Cor CE's are captured in the Correctable Error Reg on each 
memory board .  

On \VBACKERR and \\'B TIMEOUT errors , the fail ing virtual address is  that of the former cache entry 
being written in the \Vr i te Back bus cycle. The DVMA-BIT, D < 3 1 >  of the address rebister, is set to 0. 
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5 . 6 .  Clock 

The timer is an In tersil 7 170 time-of-d ay clock with battery back up. The timer crystal h as  a frequ ency 
of 32.7G8 klh. Il is expected that the clock interrupt output is d riven in the 1 00 Hz periodic mode. This 
clock in terrupt output signal causes an interrupt request on level S · or 7 v ia the interrupt register, if the 
respec tive levels are enabled. 

lDt•rrupt : LAT•l 6 or 7 &UtoT•ctor 
Ioiti&l iz&tioa : Jon• 
le f e reac� : Iote r•11 7170 D&t& Shtet 

1 

ADD I\ 

0 

0Jt1 1  

DEVICE ADDl 
(Decode A<20 • •  17)) 

REC ISTEll 

CLOCI JlEG OxO 

CLOCI REa Ox1 1 

S u n  Mic rosy sterns Inc 

DEVICE PHYS . SPACE 

Tiae of Dar Clk A<4 • .  0) 

DATA TYPE 

BYTE JtF.AD-n I TE 

BYTE READ-RITE 
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5 .  7 .  Interrupt Register 

The in terrupt  register prov ides for the generation or sortw:lre interrupts and controls the v ideo and clock 
hardware inte rru pts on the bo:lrd . It b as  the following fields: 

I n l t l a l l 2 �tlo�: Se e chapter Oh CPU R t l t \  

Int e r rupt :  Lt Y t l  1 , 2 , ! , ( , 6, 7 ,  autoYectored 

TYPt DEVICE ADDJl DEVICE PHYS . SPAC't 
(Dt codt 1.<20 • •  17> ) 

1 OxOOOAOOOO - Inte rrupt. R•1 (1 byt.e )  

ADDR REC ISTDl DATA 

0 I ITERJUJPT REG ISTER RF.AD-IRJ TE 

II  TDUUJPT REC I STDl 

B I T  I IJCE  TYPE KEAI IIG 

D <O) EJ . U T  read-.rrite Eublt all Interrupt• 

0< 1 >  Dl .  IJI T 1  r e ad-write Sof tw are I nt e r rupt. LeTel 1 
D <2> Dl .  IIT2 r nd-writ.e Softw are I nterrupt. LtTel 2 

0<3> DI . III T3 r e ad-write Sof tware lnt.t r rupt. LtTe l 3 

0<4> E!. IIIT4 r u .d-w ritt Enable Video Int.rpt. LeTl 4 

D < 5 >  D. IlfT5 r ud-w rit.t Enable Clock Intrpt. LtTl 6 

0<8> D. IJiT8 r e ad-w rit.• (ru e rnd) 
0<7> EJ . I IT1 re ad-w rite Enable Clock Int.rpt Lt T l  7 

EN.ll'vT. This bit enables all interrupts. Ir this bit is orr, no  interrupts will occur .  

EN.INT<S . . l > .  These bits cause software interrupts on the corresponding level. The in terrup t request 
caused by an ENJNT <3 . . 1 > bit stays active u ntil software c lears the corresponding bit. 

EN.ll'vT4 enables video interrupt requests on level 4. When enabled , a level 4 interrupt request is set at 
the rising edge of vertical retrace. The level 4 interru pt request is c leared by momentarily tu rn ing o ff the 
EN.INT4 bit .  This bit has no effec t in implementations which have  no memory frame bu ffers . 

EN.!JVTS en ables clock interrupt requE'sts on level 5. \Vhen enabled , a level 5 interrupt request is set on 
the r is ing edge or the dock in terrupt o u tput.  The le\·el 5 inte rrupt request is cleared by momentar ily 
turn ing orr the EN. 1NT5 bit. 

EN.JNTo is a reserved bit. It can be read and written but bas no e ffect. 

EN.l1\T1 enables c lock inter r u pt requests on level 7 .  \Vb e n  enabled , a level 7 interrupt request is set on  
the  rising e d g e  or  the c lock interrupt o u tput.  The level 7 in terru pt request i s  cleared by momen tarily 
t u r n i n g  o ff the EN.INT7 bit.  

S u n  � 1 ic rosy s t e m s  Inc C O NFID E�TI:\L 16 �by 1 985 



Su n-3 Archit�ctur� n�v 2.0 P rdirn D�v ice Sp�e 

5 . 8 .  EPROM 

The EPROM dev ice consis ts or one 27 1 28, 27256, or 275 1 2  ty pe EPROM prov iding 1 6K ,  32K, or 64K 
by tes of PRO �{ stor age, respectiv ely . 

lniti�l i s •tion : Jon• 
lntt rrup� : lone 
Re f e r e nct : lone 

DEVICE ADOl 

(Decode A<20 • •  17>) 
DLVIC'E 

1 

0 
1 

Ox00100000 

REG ISTEll 

£PROM BYTE 0 

EPROI BYTE 1 

DATA TYn 

PHYS . SPACE 

Unlike other devices, the EPROM is addressed directly with v irtual address bits from the CPU. Thus, 
even though each SK page or EPROM d ata m ust be enabled with its own entry in the page m ap, the 
translated address bits A< 15 . .  13> !rom the l\1l\1U are ignored .  The EPRO�t is addressed instead with 
address bits A < lS . . O >  (for 64KB) from the CPU. 

The EPROM dev ice is also accessed in boot. state. In boot s tate, all supervisor program fetches are 
forced to fetch from the EPROM dev ice, independent or the sett ing or the memory man age�ent. 

5 . 9 .  EEPROM 

The EEP R O M  d ev i�e consists of one 28 1 6  type EEPRO�f prov iding 2K By tes of elec trically erasable 
s torage. 

I n i t i •l iz&tion: lone 
I nte rrupt : lone 
Re f e rence : lone 

DEV I CE  ADDR 

(De code A<20 • •  17>)  

Ox00040000 

DEVICE PHYS . SPACE 

-------------
EUP.OI A< l O  . •  O> 

------------------
ADD! 

0 
1 

RD: ISTER 

EE?ROI BYT£ 0 

EEJ>ROI BYTE 1 

DATA TYPE 

B't'TE READ-IRl n: 

B't'TE RF.AD-IR I TE  

To m od i fy th e EEP R O �f, eac h byt� must b e  writ ten separ:.1tely . A fter w r iting  e:u:h by te Softw:lre must. 
guaran tee at lea.st a 10 m i lli3c cond pause before the EEP RO�f c a n  be re:.1d or Y:ritten again.  

I3y les can be read suc c ess iv ely with no dcbys . 
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5 . 10. Serial Port 

Serial ports are implem�n ted with the Zilog 8530 SCC (Serial Com mu nication Con troller) . ·  Th� SCC 
featurc:s two h igh-sp�ed, fully sy mmetrical and highly programmable 5eria.l channel.:s with built-in baud­
rate generators. Channel A is connected to the UART A, chan nel B to UART B. The clock input to the 
SCC is a 4 .9 1 52 MHz clock,  independent o r  the CPU clock.  

Software m ust. gu arantee the device recovery time of 1 .6 microseconds. 

The SCC is mapped a:s follows: · ·  
Interrupt: - - ·  LeTel 8 Ve ctored (pr e f e r r ed) or AutoTectored 

Initi&l iJ &tion : See ch&pter on CPU Rtret 
Re f e r e nce : Zilor B630 SCC d&t& ahtet 
RecoTerJ tiae : 1 . 8  aicrore cond� 

TYPE 

1 

ADDR 

0 

2 
" 
8 

DEVICE ADD! 

(Decode A<20 • •  17>) 

Ox00020000 

R.F..G ISTD\ 

CH B COJTROL 

CH B DATA 

CH A COITROL. 

CH A DATA 

DEVI CE  PHYS . SPACE 

S • r bl Port M2 • •  1> ------ -----

DATA 

BYTE 
BYTE 
BYTE 
BYTE 

RI.AD-IRI TE 

READ-IRI TE 
JU:AD-IR I TE 
READ-tRITE 

5 . 1 1 .  Keyboard/Mouse UART 

These serial ports �re implemented with the Zilog 8530 SCC (ser ial communication controller). The 
sec features two high-speed , fully sy mmetrical and highly programm able serial channels with  built-in 
baud-rate generators. Channel A is connected to the Key board, c h an nel B to the m ouse. The c lock input 
to the SCCs is a 4 .9 1 52 �fl-Iz cloc k,  independent of the CPU clock.  Control l ines are not used. 

Software m ust gu aran tee the device recove ry time of  1 .6 microseconds. 

The SCC is m apped as follows : 
I nte r rapt : L• � • l  � V t cto r t d  (pr t f t r r e d) or AutoTt ctored 
ln1t1�l1%&t1on:  Se t ch&pte r on CPU R t s t t 
R t f e rt o c e : Zilo! 8630 SCC d&t� t b e e t  
RteoTt tJ Tiae : 1 . & aicros e conda 

TYPE DEVICE ADDR 
(De codt A<20 . •  17>) 

----·------

DEV I CE  PHYS . SPACE 

---------------------------------
OxOOOOOOOO 

ADDn flEC I S 1D\  

l t y b o �rd/Mous t A<2 . .  1 >  

UA.RT ----------

DATA -------------------------------
0 

2 
( 

6 

CH B CO II TIUll. 

CH B DATA 

CH A COlfTIUll. 

CH A DATA 

BY TE 

BY TE 

B Y rE 

DYTE 

R.EAD-I'R I TE 

READ-WR I TE  

P.£AD-I'R I TE 

RL\D-Iil l TE 

- ---- - - - - - -------- - - - -------- --- - - - - - - -
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5 . 12. Encryption Processor 

The Encryption processor is an AMD 8068 data c ipb�ring processor providin& high-s�ed NBS DES 
enc ryption . To access an internal register in the 80GB, the address register must be written first. Once the 
address register is 6elup, the selected register can be accessed repeatedly . 

l niti�liz�tio� : loDe 
1Dte rr•pte : loD• 
le f e rtDct : AXD aces d�t� •be t \ .  
le coYe rJ T iae : 1 . 6  aicro • e cond• 

DEVICE IJ>Dl · - DEVI C!:  

(Decode A<20 • •  17)) 
PHYS . SPACE 

1 Ox00 1COOOO D&t� Encrrp­
\ioD Proc .. •or 

A<l) 

IJ>DR 

0 

2 

lEGIS TEll 

DATA REG ISTER 
ADDR.!SS REG I STEll 

S u n  Microsys t�m5 Inc  
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5 . 1 3 .  AM D  Ethernet Interface 

The AMD Ethernet I nterface uses the 7990 ch ip for DVMA transfers. In its maxim u m  DVMA 
configur:ltion , the 7990 accesses the top 16 l\fegaby tes of the c urrent. v irtual add ress sp:lce w ith a 

6Upcrv isor d ata function cod e .  {See abo the chapter on DVMA Dev ices .) The 7990 must be configured in 
BCON=O mode in its CSR reg ister . 

The 7990 must access physical memory in TYPE 0 space only; bus cycles to non-ex istin g  memory o r  to 
non-Ty pe 0 space will not complete, and the 7990 will post a timeou t e rror. The 7990 c an also post a 

timeout error because or a protection error. Neither error is reported to the CPU. Memory errors (either 
parity e rrors or uncorrectab1e errors) on read operations are not reported to the 79m) but are reported 

only to the CPU, as interrupts through the Memory Error registers. 
Jn1t1�11%�t1on: See ch�pter on CPU le tet 
Int•rrupta : L• Y•l 3. Auto••ctor 
R• hrence : AJm 7CHIO d&t� th .. t. . ·  

DEV I CE  A.DDR 

(De code A<20 • •  17>) 

DEVIC& PHYS. SPACE. 

1 0%00120000 AID Ethernet 
bte r h .ee 

A<23 • •  0) 

ADDR 

0 

2 

REC I STEll 

DATA PORT 

COITROL PORT 

DATA 

lORD 

I'ORD 

5 . 14 .  Intel Ethernet Interface 

RV.D-IR l TE  

R!AD-I'R I n:  

The In tel Ethernet In terface uses the  In tel 82586 chip  for DV�iA tr ansfers . In i ts  maximum DV}..iA 
configuration,  the 82586 accesses the top 1 6  l-.1egabytes or the curren t v irtual address space with a 
supervisor data function code. (See also the chapter on DVMA Dev ices.) 

The 82586 m ust access physical memory in TYPE 0 space only ; bus cycles to non-existing memory or to 
non-Ty pe 0 space w ill not complete. but will set the ERR bit D < 1 > in the Ethernet Control register. 
O ther condit ions which set the ERR bit include a p rotection error or a memory error (e i ther par ity error 
or u n cor rectable error) on read operations. 

Once the ERR bit is set, Sun-3 implementat ions of the Intel Ethernet Interface m ust inhibit fur ther 
Ethe rnet transfers u n til the RESET* sign al in  the Ethernet Control register is asserted (RESET* = 0). 

The 82586 is connected to the sy stem in a perm anent byte-reversed mode ; that is, with in each word , 
8�586 bits 0 th rough 7 are m apped to }.1C68020 b its 8 through 1 5 ,  and visa versa. This causes Ethernet 
d :lta to be stored in memory in CPU byte orde r .  w herea.s 8�586 control bloc k s ·  in memory are by te 
5Wapped . 
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Ovcr�ll operation or the Ethernet Interface � con trolled by the Etbunet Control regi3ter, which  h:u the 
following definition. 

I n 1 t 1 •11%kt1on : s •• ch•pl • r on cru R • • • \  

I n t • r r upt• : LtYtl 3. AutoYe cto r  

R• f • r • nce : I ntel 82694 d •t• 1ht e l .  -----------------
DEV IC'l: ADDR 
(De eodt A<20 • •  17> ) 

DEVICE PHYS . SPACE 

1 OxOOOCOOOO Intel Ethe rne� A<23 • •  0) 

lr1t.e r hce 

ADDR REG ISTER DATA TYPE 

0 COITROL REC IStER R.EAD-WRI TE  

The fields  or the Ethernet control register are assigned 3.5 follows: 

ETHEJUIET COJITR.OL REC IST'ER 

BIT lA¥£ TYPE m.I IXG 

D<O> IIT ru d-onlJ Int.trrup� Pe ndin' 

D < l >  DUl r n.d-oDlJ Error Pondln1 

D <2> 0 ru .d-onlJ 0 

D<�> 0 ru .d-onlJ 0 

D<4> I lTD r u d-wr1te I nte rrupt En•b l e  

D<6) CA re&d-write Ch&nn e l  Attention 

D<e> LOOPB• re Ld-wr it.e Loopb&ek 
D<7> RESET• r e �-w r1t.• llu et. 

INr signals Interrupt from the 82586 or  an error pendin� cond ition (ERR= 1 ). 

ERR ind icates tb�t a Bus Error occured during �n 8!:!586 channel  operation , inhibiting further channel 
ac tiv ity .  To reset the ERR condition, the RESET� bit must be set ac tiv e  (RESET* = 0). 

RESET bit in the Ethernet control register must be ac tiv ated. 

INTEl'v enables 82586 interr u pts to the CPU. 

CA signals channel attention to the 82586. 

WOPB • con trols whether the fron t-end encoder/decoder is configured in loopback mode (LOOPB* z::::s 

0) or connected to the transceiver cable (LOOPB* = 1 ). 

RESET- in iti alizes the 8�586 when act ive (RESET* = 0) and allows normal operation when inac tive 

(RESET* = 1 ) . It  also c lears the ERR condition when �c tive.  
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5 . 1 5 .  S C SI Interface 

The SCSI in terface prov ides DV t-...tA access to Ty pe 0 space and supports p rog r ammed 1/0 accesses from 
the CPU. In its m ax i m u m  DVl\.tA configu rat ion , SCSI accesses the top 16 Megaby tes or the current v i r t ual 
add ress space with a superv isor data ru nction code. (See also the ch:1.pter on DVM.-\ Dev ices.) 

The SCSI Control logic uses two addressable VLSI dev ices: the NCR 5380 SBC (SCSI Dus Controller) 
and the A�ID 9 5 1 6  UDC (Universal DMA Controller). The 5380 SBC is a byte oriented chip which 
implemen ts d isconnect/reconnect and h� h igh-current driver5 allowing it  to be connec ted directly to the 
SCSI bus. To minimize the mcm�ory bandwidth requirement, byte-to-word packing is done with external 
logic, and the packed words are transferred to memory under con trol of the 9516 UDC. An 8 KB FIFO 
queue between the SCSI Bus Controller and the DMA Controller buffers packed SCSI data to improve 
performance. 

For additional informat ion on these ch ips , consult the appropriate data sheets. 

5 . 1 5 . 1 .  S C SI Addressable Devices 

The following addr_essable devices are implemented in the SCSI Control logic: 
Int • r rupt : LtTtl 2 AutoTtctor 
In1ti�li%�t ion : Stt chapte r on CPU R• • •t 

---------------

TYPE DEVICE ADDil 
(Dt cod• A<20 • •  17>) 

DEVI CE PHYS . SPACE 

-------------------

1 OxOO HOOOO SCS I I nt. e r h . c e  A<23 . .  0> · 

ADDR REC ISTER DATA TYPE 

A < 4  • .  0 > = ' 00nnn ' �CS I BUS COI TROLLER 'BYTE R£JJ>-fR I TE 

A<4 • .  1 > = ' 1 00n ' UJ IVDSAL DU CITU\ lORD · READ-IR I TE 

A<4 . •  1 >= ' 1 0 1 0 '  F I RSTBYTE REG JOIU) READ-OXLY 

A < 4  • •  1 > :  ' 1 100 ' SCS I STATUS REC I'DRD READ-IR I TE  

lott : ' n '  ind i c�t • •  b i t •  decod e d  b J  t b t  chip 

The SCSI Status register prov ides con t rol and status i n form:1.tion . Bits 0 to 3 are write:1.ble and are 
c leared by system reset. Bits 9 to 1 5  are read-only and prov ide status inform at ion . The Firstby tc 
register, used with the Status register ,  records the leftover by te in an odd length transfer. 
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SCSI S TATUS U:.C IS TDl  
--------------------

B I T  lAO: mE KEAI UC 
------ ----------

D < O> SCS I_RES- r u.d -w r ite SCSI R• • • t  (M inus & c t i y e )  
D< l ) riFO_RES- r e &d-w r 1 t •  FifO R• • • t  (�1 nu• & c t 1 T e )  
D<2> &'BC_UT_Ell rnd-w r 1 t t  SBC I nte r rupt tn&bl• 
D<3> SDID re&d-w r 1 t e  Send data t o  d i s k  
DH • •  I> Unu . .  d rud-onlJ llt &d ba.ck u o · .  
D<Q> SBC_IIT ru .d-only SBC I nterrupt pendin1 
D< lO> F IFO_EXPTY r e &d-onlJ F I FO .. pty 
D< l l )  FIFO_FULL read-onlJ FIFO full 
D< 12> SECOIDBYTE re &d-onlJ Se cond bft.• 

D<1S> SCSI_BDUL rud_onlJ SCS I bua e rror 
D < 1 C> SCS I_BCJn. re ad-onlJ SCS I bu• conf l i ct 

D<16> XFR_ACTIVE n ad-onlJ Tr&ns h r  actin 

FIRSTINTE REG ISTD\ 

BIT LUE TYPE lfi:AJI I IC: 

D<O • •  7> Unus ed r e &d-only Unused data byte 

D<B • •  16> LAST BTYE re ad-only Lut. bft.e . un�l i &"U • d  x f r  

• SCSI _RES- (minus active) resets both the 5380 SBC and the 9516 UDC during system reset 
and should be asserted in case of S CSI_BERR or SCSI_BCNFL errors. 

• FIFO _RES- {minus active) initializes the FIFO controls and should be asserted when the 
SEND direction is established or after SEND has been established. 

• SBC INT _EN gates the in tC'rrupt output from the 5380 SBC onto au to-vec tor in terrupt 
level  2 .  

• SEI\'D ind ic ates the direction of data transfer is  to the d isk. 

• FIFO E�fPTY and FIFO FULL ind icate the state or  the fifo buffer . 

• SECO NDBYTE ind icates t h at an odd number or by tes were transrerred on the SCSI  bus.  

Since DVMA transfer 1s by words ,  the leftov er by te needs to be read from the Firstby te 
Register bits 8 to 15.  

• SCSI BERR ind icates that an error occured dur ing a DVMA cycle to memory .  Possible 
errors include translation errors,  protection errors, accesses to addressable but unimplemented 
memory (Ty pe 0 sp ace) or non-Type 0 space , and mem o ry d ata e rrors (parity or u ncorrectable 
errors) . 

o XFR ACTIVE in d icates tb�t the 5380 SBC � ac t iv e ly t ransferring data on the SCSI  bus. 
The cpu 6bould not a t te m p t  to access the SBC du r in g thi5 time. lC it should do 6 0 ,  

SCSI BC!\'FL wil l  be set .  

34 
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5 . 1 5 .2 .  S C SI P rogrammi n g  G uide 

T h e  5380 SDC can be progr am med for either DV�tA or program med 10 transfer . I r  program med JO i5 
used, the 95 1 6  UDC should be program med o ff and FlFO _RES- asser ted (negativ e) .  To use D V �i.A ,  the 
5380 SDC must be programmed for • non-block DMA • mode . The 5380 SDC can be progr:>.m med to 
in terrupt at level 2 on any or the following cond itions: 

- • • l • ctionlr• • • l • e t ioD 

- EOP ( not ua t d  ) 
- SCS I bu. r e u t  
- SCS I  b u a  • ••orr e rror 
- Bu• pha.a e aia aatch (• · I ·  at the end o f  SCS I dat L trana f e r) 
- lo• • of SCSI bua BSY a igual 

For DVMA transfers, the 9 5 1 6  UDC must be programmed to the • nyby transaction , single operation• 
mode. All  DVMA transfers are done in word mode.  The UDC generates a 24 bit address in the master 
mode and contains 2 channels, of which only channel 1 is used. The UDC can be programmed to 
interrupt at level 2 on any or the following conditions: 

- pattern match ( not u a e d  ) 
- DlP 
- cha.in a.borted 

The EOP interrupt can be generated either internally on a terminal count  or externally if SCSI_BERR 
or SCSI_BCNFL occu rs. C h ain-aborted interrupt referrs to the UDC's' auto-chaining operation,  which 
allows the UD C  to u se DMA to transfer from memory al l  the words needed to initialize its internal 
registers. The processor need only supply the UDC with the starting address or the auto-chain memory 
block. 

Several registers internal to the UDC are described as slow-readable, me3ning they take 2 microseconds 
to read. Tl:iese are the pattern register, the mask register, interrupt ve�tor register, and channel mode 
registers. The slow-readable registers are not accessible in the Sun-3 implementation and attempts to read 
them will return u nknown d ata. Another peculiarity of the UDC is that commands to it must be 
separ3ted by 4 UDC clock cycles; the UDC c lock rate is implementation dependent. This requirement will 
be a software respons ibil ity . 

The 8K FIFO is -used to buffer DV}JA d isk transfers. It takes about  16  ms for the disk to transfer 8K 
by tes, and about 4 ms for DV�1A to fill or empty the FIFO, depending on the implementation clock rate, 
the DV!\1A controller, and o ther memory activ ity .  The d isk and DV�iA operat ions c an be concurrent. 

5 . 1 5 . 3 .  S C SI FIFO Testability 

To verify that all 81< by tes of the FIFO bu ffer are read ing and w r iting properly , the disk side or the 
FIFO m ust be d isabled so that n o  d a ta is trans fer red to the disk.  (This can be done by programming the 
5380 SBC c h ip to not transfer  d ata.) To f i l l  th e F lF O ,  the 9 5 1 6  D MA  controller chip is program med to 
d o  a n  8K by te t r a n s fe r ,  as i n  normal d isk operations.  Poll ing the FIFO _FULL bit in the SCSI STATUS 
register will v e r i fy t h a t  the FlFO is filled. 

To empty th e FIFO, the 95 1 6  D�tA con troller chip is programmed to do an 8K by te tr ansfer from d isk 
to me mory , but w i t ho u t  enab l in g the 5380 SBC ch ip  and wi thout  resetting the FIFO. This will c3use all 
8K by tes to read back i n to me m ory . 
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5 . 1 6 .  VMEbus Interface 

The VMEbus interface is dual-ported . The VMEbus Master Interface prov ides access from the CPU to 
the Vt>viEbus,  whereas the Vt>vfEbus SJav e  Interface prov ides access from the V�iEbus to the CPU for 
DV�lA transfers. (See the chapter on DVMA Dev ices ,  �low .) ·· · - - - -· 

The chart below lists VMEbus options supported by Sun-3 systems. 

• Address Dus Option : A32 rvtASTER; A32 SLAVE 

• Data Bus Option: 032 MASTER, 032 SLAVE 

• Timeout Period: 100 microseconds minimum excluding bus acquisition 

• Arbiter Option: ONE (single level), can be disabled 

• Requestor Option: ROR (release on request) 

• Interrupt Handler O ptions: lli(l-7) 

Support for V?vfEbus read-modify-write cycles requires clarifi cation. Read-modify-write cycles for the 
V:MEbus Slave  interface are executed as atomic cycles with respect to other VM.Ebus requests .  Atomicity 
between Vtvffibus Slave accesses to main memory and CPU accesses to main  memory ,  however, is not 
guaranteed. 

Read-modify-write cycles from the CPU to the VlvfEbus Master interface are guaranteed to be atomic 
with respect to other VMEbus requests. They may ,  howev�r ,  not appear on the bus in  the read-modify­
write format defined in the VMEbus specification. 

Normally i Sun-3 CPU board acts as VMEbus arbiter. Jumpel'3, however, are prov ided to disable the 
arbiter and permit operation as a non-arbiting V1vffibus board. 

Neither the slave nor the maste r  in terface supports sequ en tial access modes. Finally , the Sun-3 CPU 
board does not support an i nterru pter func tion to the VMEbus. 
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5 . 17 .  VMEbus Master Interface 

The V'MEbus M35ter Interface uses two page map Ty pe codes : one for 1 6-bit. data,  and one for 32-bit 
d ata. For each Ty pe code ,  three VMEbus add ress spaces are 6U pported : 4 Gby te� m in u s  the top 1 6  

MBy tes for 32-bit  add ressin g ,  the top 16  r..ffiy tes minus the top 64  KBy t� . for 24-bit address ing ,  a n d  tbe 
top 64 KBy tes for 16-bit add ress in g. 

Sun-3 implementations or the VMEbus Mas ter interface place DO alignment restrictions on CPU d ata: all 
M C68020 alignments w ill be supported for VMEbus cycles. Dat3 transfers from the CPU into 08 \'�ffibus 
ports must be byte transfers only ; attempts to perform word or longword CPU bus cyc les into 08 ports 
will yield erroneous results. 

· · - -

T h e  timeout period for trans fe rs  is implementation dependent b u t  a minimum of 100 microseconds. 
Initialization: Se• the cb�pter on CPU ft• • • �  
Inte rrupt• : LAwel 1 throu,h 7 .  Vectortd 
Exception• : Tiaeout pe riod •ini•ua 100 aicro a e cond1 
Refe r e nce : Motorol& VKEbua Spe c i f i e&t1on 

DEV1CE IJ>Dft DEVICE 

lote : Type 2 • p�c• it �ut 1& bit dat& apace 

PHYS . SPACE 

32 bit decode of KKU addr••• ident i f i • •  VXEbu1 &jdr• • •  a pace 

2 
2 
2 

OxOOOOOOOO 

OxFFOOOOOO 

OxlFYYOOOO 

�u• AS2 apac• 
VIEbu1 A24 apace 
VIEbua A18 apace 

A<3 1 . . 0> 

A<23 • •  0) 

A< 16 • •  0> 
------------------·-------------------------

Jote : Typ• 3 • p�c• it VVEbua 32 bit d�t� cpLct 
32 bit de code of kXU addr• • •  1de nti f i• •  VKEbu• �dr • • •  • p•c• 

0�0000000 

oxn·oooooo 
OxFFFFOOOO 

VXEbua 1.32 apace 
V¥Ebua 1.24 a p ace 
v.Ebut AlO •p�ce 

A<3 1 . . 0> 
A<23 . , 0) 

A< t 5  • •  0> 
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6 .  DVMA D evices 
Th<.'rc arc four  DVl\1.A devices defined for Sun-3: the AMD Ethernet inte r face, the Intel Ethernet 

interface,  the SCSI interface, and the VME Slave interface. In  addition, Sun-3 implemen tations w ith 
c aches may implement the Cache Flush operation in Control Space a.s a DVM.A request. 

All DVMA dev ices may access main memory data (Ty pe 0 space) only . Access to addressable bu t non­
existing physical memory or to dev ices other than memory will not complete. How these and other error 
cond itions are reported depends on the DVMA dev ice and is described in the Device Space chapter (or the 
Cache chapter, for the Cache Flush operation). 

DVl\1A requests are assigned the following priority :  first, Ethernet; second , the Cache Flush; third·, the 
SCSI; and fou rth, the VMEbus Slave .  All DVl\fA requests have h igher priority than the CPU. 

All DVMA devices must map addresses from a DVMA device address space into a Sun-3 v irtual address 
space. This space is identified by a 3 bit Context ID, a 28 bit v irtual address, and protection access codes. 
System DVl\1A accesses are supported from Ethernet and SCSI,  plus both System and User DV?\1..:\ 
accesses from the VMEbus. No protec tion checking is done during the Cache Flush operation .  

The following sections d iscuss how DVl\{A address spaces map into the CPU virtual address space for 
e:1ch device.  The Device Sp:1ce chapter includes in form:1tion on addressing controls Cor the Al\ID and Intel 
Ethernet dev ices and the SCSI in terface. The section on  Control Space operations in the Sun-3 Cache 
chapter d iscusses the Cache Flush operation. 

6 . 1 . Ethernet and S C SI DVMA 

The two Ethernet devices (Al\ID and Intel) and the SCSI interface map address spaces the same. Each 
dev ice's 16l\ffi address space is mapped into the highest 16 l\1B or the CPU v irtual address space for the 
current con text, as identified by the Con text ID register. 

All three dev ices support only System DVM.A and are assigned Superv isor Data access for protection 
check ing . The handling or protection errors, as well as page faults and memory data errors, depends o n  
the dev ice ; see the Dev ice Space chapter. All memory data errors are reported t o  the CPU as interrupts, if 
enabled . 

Ethernet and SCSI DVrvf.A are always enabled and are not af!ected by the EN.SDVMA bit in the System 
Enable register or the Use� DV�L-\ Enable regis ter. 

The In tel Ethernet section should also be consu l ted abou t the ordering or con trol block data in memory .  

6 . 2 .  T h e  VMEb uti Slave Interface 

The VMEbus Slave interface supports both System and User DVM.A i .nto the CPU v irtual  address space. 
The follow in g  fea tu res 3rc! inc luded in both modes of tr:1nsfers. 

• By te,  Word,  and Longword transfers are su pporte d .  

• I3oth System· DV�fA acc esses and U s e r  ac cesse� are defined entirely by the V?-.ffibus �4 or 3� 

bit  V}.fEbus add ress and t h e  ad d ress mod ifiers iden tify in g  the add ress mode,  A M < 5 . . 4 > .  The 
VMEbus Add rcs5 Modi fier bits AM<� . .  O >  de fin i n g  the access p rotec t ion of the VMEbus 
r e qu e s t  are ig nored . The 1 6  bit  �d drcss s p :l c e  is also  ignored.  

o A c c ess to  n o n-exis t in g m e m o ry o r  o t h e r  ( n o n-Ty pe 0) d e v ices res u l ts i n  a VMEb u s  I3 u s  Error  

re tu r n . 
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• A VMEbus Dus Error  b a lso signalled if tb� DVlvL\ cy c le encounters a page fault ,  protec tion 
error ,  or  (on re ad cyc l <." s  on ly ) a memory �rror. Memory e r rors ,  which include par ity errors or 
u ncorrec tab le double bit errors,  are also reported to the CPU as interrupts, if enabled . 
Protect io_n check ing i3 d iscussed below . 

• Implementations or DVMA can offer h igh-bandw idth burst modes of transfer that allow fast 
DVMA dev ices to increase throughput by eliminating repeated bus arb itration .  
Implemen tations mus t  specify whether this feature i s  supported and what the  dev ice 
requ irements must be to activate this transfer mode. 

6 . 2 . 1 .  System DVMA-

System DVMA responds to the lowest megabyte or the VMEbus address range in both the 24-bit and 
32-hit VMEbus address spaces. This 1MB space is mapped into the h ighest megabyte in the v irtua.l 
address space or the cu rrent context, as indicated by the Context ID register. System DVl\.tA is enabled 
v b. the EN.SDVMA b it i n  the System Enable register. System DVMA cycles use Superv isor access Cor 
protection check ing;  a VMEbus Bus Error is signalled if the page being accessed is not v al i� or i f  the 
access bas a protec tion v iolation. This error is not v isible to the CPU. 

VYE-Addrt s s  A24 . A32 Virtul Addr e u  --------
[OxOOOOOOOO • .  OxOOOFFFFF] [OxFFFOOOOO • •  OxFFFFFfff] 

6 . 2 . 2 .  User DVMA 

User DV�1A responds to the most sign ificant 2 GBytes or the V�1Ebus 32�bit address space (i.e.,  
A < 3 1 > = 1 ). The 1 &-b it �nd 24-bit address spaces are ignored. The V�ffibus User DVtviA add ress space 
contains two fields . V�1Ebus A < 30 . .  �8> m ap into a 3 b it con text ID ,  and V�1Ebus A < 27 . . 1 >  with DSO 
and DS l m ap d irectly into the 28 bit v irtual address space for t h is context. User DVMA is enabled v ia 

the User DVMA enable register, which b as  one bit per con text. IC a context is not en abled for user DVMA, 
then the CPU d oes n ot respond to the correspond ing addresses on the Vlv1E cycle at all; this allows 

sharing of the u pper 2 g igaby tes of the V}.fE address space with other V�ffi dev ices. 

User DVMA cycles have  User access for protection chec k ing; a Vr..ffibus Bus Error is signalled if  the 

page being accessed is not v alid or the access has a protec tion v iolation. This bus error is not v isible to 
the CPU. Vrvffibus m aste rs that expec t bus error support (rom the CPU must then post an in terrupt to 
the CPU and must make the appropriate information about the bus error available to the CPU. 

VVE-Ad d r t u  

[OrBOOOOOOO • •  OxBFFFFFFF] 

(OxOOOOOOOO • .  Ox �ffFFFFF] 

[O:AOOOOOOO . . 0�) 
[O.xBOOOOOOO • •  O.r..BFFFFFIT] 

[OxCOOOOOOO . .  OrCFFFFFFF] 

[OxDOOOOOOO . .  OxDtffFFFF] 

[OxEDOOOOOO . . Ox!JFi f F FF ] 
[O.xFOOOOOOO . .  Cxl f F f r F f r ]  

S u n  Mic rosy s t c- ms I n c  

V 1 rtuLl Addre u 

CX=O [OxOOOOOOOO . .  OxOFTFFFFF] 

CX= l [OxOOOOOOOO . .  OxOffFFFFF] 

CX=l [OxOOOOOOOO . .  OxOffFffff ) 

CX:3 [OxOOOOOOOO • .  OxOFFFFFFF ] 

CX=• [ OxOOOCOOOO . .  OrOFFfffFF] 

CX=& [OxOOOOOOOO . .  OrOfFFfFff] 

CX=O [CrCOOOCOOO . .  OxOFFFFFFF ] 
CX=7 (OxOOOOOOOO . .  OxOFFFFFFf ] 
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7 .  CPU Reset 
There are riv e  possible reset source� for Su n-3 configurations: Power-O n reset,  VMEhus SYSRESET-, 

Watchdog reset, a User Reset switch , and CPU reset.  Two or th ese , the Vr..ffibus SYSRESET- and the 

User Reset switch ,  are option al by configuration.  
· 

The follow in g chart indicates the devices or system bus 5ignals that are reset by each source. Following 
the chart, each reset source is d escr ibed . 

DEV ICE/ PO'IER VVEbu1 'lATCH- USD CPU 

V¥Ebu1 S l C IAL 01 RESET DOC S'IITCH ll!SET 

MCfSB020 CPU y B y y y 
ICSSBB 1 fPP y B y y y 

VKEbu• Sipah 

VXEbu• SYSR.ESET- p p p p 
V¥Ebu1 SYSP'AlL- y y y y 

Control Space 

Systea Enabl• r e c  y B y y 

Ue e r  DVKA Enabl• r e c  y B y y 
Db.post.ic rec y B y y 

Dnic• Space 
Floatinc Point. Ace:.  y B y y 

ltcory Error Cntl re, Y B y y 

Int e r rupt reg y B y y y 
Serbl Port. y B y y 
Keyboard/llouu y B y y 
AYD Ethe rnet Intrf ace Y B y y Y. 
Inte l Ethe rne t IfF y B y y y 
SCSI Inte rhce y B y y 

ECC Meaory En&b l e  r e '  Y B y y 
ECC Chip Diag . r e g  y B y y 

y � Al• �r• r• • et. the i nd icated d e T i ct during t�e ind icated 
r e • • t condi t ion . 

B a Bu1 j uape r option : Re a e t  indicattd CPU doT ic• • i f  �ua 
SYSRESEl- 1• d � iT • n  act1Tt (=0) trca 10a1 �ut board . 

p a CPU-to-but J u•p• r option: D r 1 T t  VXEbut SYSRESE!- act 1Te 
(:0) durin' indicated r e • • �  co�dition for CPU board . 

Power-On Re:set .  Power-On Reset {POR ) is activ e for 100 m il liseconds minimum after the power supply 
voltage reaches 4 .5V. POR resets the CPU and clears the System En able register forcing boot state , and 
i t  resets the d iagnost ic register,  l ighting all the LEDs. O ther dev ices reset d u ring Power-O n  reset are 
i n d icated above.  

VMEbu:s SYSRESET-. The VMEbus SYSRESET- must be act iv ated by a j u m per i n  configurations w ith 
a system bus,  normally only in the event  that the CPU board is not. the V�bus arbiter. Ir so j u m pered , 
the CPU board does not itse lf  d rive SYSRESET- or SYSFAll..- if the bus SYSRESET- i� active. 

Wat ch dog Re3d..  The Sun-3 arch i tec ture prov ides a watchdog circuit  which generates a signal equ i v alent  
to power-on reset (POR) w h e n e v er t h e CPU h al ts w i th a double  bus fault .  A \Vat c h d og Reset r esults in 
the same d ev ices being rese t � the  Power-On reset. 

U:ser Re:set Swit ch. A n  op t io n al User Reset S w i tc h  rese ts the same dev ices � the Power-On ncset. 

CPU Re� rl .  CPU Reset resu l t s fr om t h e  CPU exec u t i ng a Reset i n s t r u c t io n .  
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8. CPU Interrupts 

8 . 1 .  Interrupt Sources 

There are two sources of interrupts for Sun-3 systems: VMEbus in terrupts and interrupts from dev ices 

defined in the Sun-3 architec ture. 

The VMEbus interrupt handler for Sun-3 systems supports all levels ( 1 :7) of VMEbus interrupts. 
V?-..ffibus in terrupts have lower priority than onboard device interrupts at the same level. 

A list of the interrupt assignments for dev ices defined in the Sun-3 architecture is in the table below: 
L•�•l De�iee (•) 

7 M•ao rJ Error or Clock 
e sec. 
6 Clock 
4 Video (Sun-3 F r aae Buf f e r  or Color Kap) 
3 Ethernet or Sy1 t e a  Enable ae r i e t • r  3 
2 SCS I or SJ• t•a En�b l e  Regi a tt r  2 
1 . S71tn Enablt Regitter 1 

8 . 2 .  Interrupt Acknowledge Cycles 

In terrupt acknowledge cycles are CPU Space cyc les identified by A < l7 .. 16> = ' 1 1 ' .  The interrupt 
vector number resulting from the execution of an interrupt acknowledge cycle may be a vector fetched 
from the interrupting device, an autovector corresponding to the level of  the interrupt acknowledge cycle, 
or a spur ious interrupt vector. 

All Type 1 dev ices defined in the Sun-3 architecture use au tovec tored interrupts ,  except for the SCC 
UART's. Ei ther vectored or autovectored interrupts may be implemented for UART's, with vectored 
being the preferred implementation. DeY ices on the VMEbus use vectored i nterrupts. 

A spu r ious interrupt vector resul ts whenever an interrupt acknowledge cyc le terminates by the assertion 
of the bus e rror signal. Certain implementations of Sun-3 report spurious interru pts. In particular, the 
failure of a dev ice to return a vectored in terrupt m ay be reported as a spur ious in terrupt. The contents of 
the Bus Error register are not affec ted by the repor ting of spur ious interru pts . 
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9 .  T he S un- 3 Cache Architecture 

9 . 1 .  The S u n-3 Cache: Introd uction and Ov erview 

D . l . l .  The S un- 3 Cache: Introduction 

. The  Sun-3 cache architecture d�sc r ibes a se t  or caches with a common structure. In  particu lar ,  all Sun-3 
caches are d irec t  mapped caches (i :e . , one way set associative) w i th a fixed block size. They v ary only in 
the n umber or cache blocks. 

The number or cache blocks, together with other options indicated in the arch itectu re , are Sun-3 cache 
implementation parameters. These parameters must be spec ified as part of the product specification. ·---

9 . 1 .2 .  The S un- 3 Cache: Overview 

The Sun-3 cache is organ ized as a d irect mapped v irtual addressed cache contain ing 16 byte blocks (or 
lines) . Its size is v ar iable, from IK blocks {16K by tes) u p  to 8K blocks (128K by tes) for the largest 
allowable Sun-3 cache. 

Sun-3 caches support 8 v irtual con texts with 28 b it virtual address spaces. 

For each 1 6  byte cache block there is a correspond ing cache tag field. The tag field contains address 
i n formation to un iquely identify the block data plus protec t ion and control information . 

In the smallest Sun-3 cache, a cache block and its corresponding tag field are addressed by A <  13 . .4 > ;  
in the largest Sun-3 cache , i the block and tags are addressed by  A <  16 . . 4  > .  To un iquely iden tify the 
v i rtual address for a cache block ,  its tags contain the 3 bit Context ID (CID) field plus a v ary ing number 
of  ,· i r tual address bits , depending on the cache size. 

The tag field for the smallest Sun-3 cache contains address bits A < �7 . .  1 4 > .  Together with the cache 
address, these tags un iquely identify the block address, A< 27 .A > .  Similary , the largest c ache tags include 
A <  27 . .  17 > .  {See below for a description of all tag b i ts.) 

The Sun-3 cache contains only data from main memory . Th at is ,  each cache block 's v irtual address must 
transbte into a physical address from a Type 0 page i n  Dev ice Space. D ata from any Type 0 page which 
is not marked •Don 't Cache • in the }.UvfU may be c ac hed ; this i ncludes, in part icubr , data access ible by 
User or System DVMA. 

9 .2 .  The S un-3 Cache: Syste m P ro gramming Requirements 

Sun-3 caches are v irtual add ress caches; implic i t  with the use o f  a· v irtual address cache is a set or 
system progr :l.m m in g res t r i c t ions which }.1UST be adh e r e d  to i n  order to gu ar:l.n tee system data  
cons istency . I n  add it ion , o ther res t r i c tions o n  t h e  m ap p in g o f  S u pen· isor  pages are requ ired fo r opt i m al 
c a c h e  per fo r m a n ce . 

9 . 2 . 1 .  D ata Consiste n cy :  O verv iew 

V i r t u al add res5 i n g  al low5 alias i n g :  the poss ibi l i t y  o f  m u l t i ple v i r t u al add r esses m appi n g  t o the  f>ame 
phy s i c a l a d d r ess .  I f  a S u n-3 c ac he were u sed w i t h o u t  sy s t e m  p :1.gc m a p p i n g  r es t r ic t io ns, a ny two .-.rbitr ary 
v ir t u :1. l add resses c o u l d  oc c u py any two arbi t rJ.ry CJ.cbc l oc J. l i o n s  a n d  5 t i l l  map to the  sJ.me phy 5ical 
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add ress. W he n cac h e  bloc k s  a r e  mod ified , Su u-3 c ache b :n d w are prov ides NO data consistency che-c k i n g  
betwee n d i fferent c ache blocks.  D � l :).  c a n  become incons istent w h e n  c h a n ge5 a t  one  c a c h e  loc at ion a r e  n o t  
seen at an othe r cac h e  location . U l t imate ly , t h e  d a t a  at t h e  c o m m o n  phy5ic al  address in m ain memory are 
going  to in c l ude only part of the \Vr i te  mod ifications from the several cache locat ions . 

T h e  S u n-3 cache  arc hitectu re 5olv cs th is data consistency problem by prov iding two d ist i nct 
mechan isms. Both m echan isms require the interaction or software w ith spec i al cac h e hardware to e nsure 
consisten t d ata. Brieny , the first mechan ism requ ires that all alias addresses which map to the same data 
must. match in  the ir low order 17  bits (modulo 1�8KB) IF these data are to be cached. The second 
mechanis m  restricts d ata from being  c ached through the use or a •Don't. Cache• bit. which is defined - for 
e·ach page in the M�ill Page Map. · 

Both or these mechan isms are explained in more detail below. 

0 . 2 . 2 .  Data Consistency through Modulo 1 2 8K Addressing 

The first, and prefered , method of  guaranteeing data consistency is through restricting the use or  al ias 
addressing for cache data. To gua ran tee that all alias v i r tual addresses map to a common each� location , 
it is REQUIRED that any two al ias v irtual addresses must match in their low order 17 bits (i.e., modulo 
1 28K). This applies to alias addresses within the same context as well as aliases between contexts. 

Note that to guarantee data consistency , ANY write to a page requ ires that ALL referen ces to that page 
(read or wri te ) adhere to this restriction. No requ irement is placed on alias addressing to Read O nly pages. 

Also note that other means are av ailable to guarantee limited data consistency, for example, in alias 
add ress ing between User con texts. If  the operating systC'm nushes the cache through •Flush Cache Set 
(Context lvlatch ) •  commands in Cont rol Space at the time of User  context switches, then data consistency 
between User con texts is assu red . The c ache nusb, however , is relative ly slow and does nothing Cor alias 
addressing within the context. Further, cache blocks with Superv isor protection arc unaffected by this 
flush command .  

The  h ardware cont rols to  gu arantee data consistency w ith in a sing!e cache block are described in the 
sec t ion • Cac he Misses and Data Consistency • below. 

9 .2 . 3 .  D ata Consiste n cy through D o n 't Cache P ages 

The second mechanism t_o ensure data consistency is through the use or a • Don't Cache Page • bit in th� 
�i!\fU P age ?viap. If this control bit is set for a page , then all d ata  accesses to this page are made  d irec t ly 
to and from main memory .  I n  by passing th e cache, the v i rtual cache d ata c onsistency problem is avoided . 

Since ali3S ad d ressing is poss ible , if a page is marked • Don 't Cache•  in one M'MU Page Map entry ,  th en 
it m u s t.  be mark ed • Don 't Cache•  in al l alias Page t-.fap en tr ies . Data consistency is not guaran teed 
otherwise .  

· 

Generally , d i r e c t  m e m ory data accesses are much slower th an c ache accesses . Frequent references to 
• Don't  Cac h e • pages ,.,.· i l l cons equen t ly h a r m  sy stem performance .  

9 . 2 . 4 . l\1appi n g  of S u perv isor Pages 

T h e r e  are two add i t ionJ. l  r eq u i r c m c L ts fo r t h e mapp ing or S u pe rv isor  p a ges on  sys tems imp leme n t in g a 

Su n-3 c ac h e .  These requ i re men ts are  not  re l a t ed to c ac h e  data  cons is t ency ,  b u t  rJ. lber  are fund amen tal to 
th e d e f in i t io n  or a C J.c h e  • b i t • ;  see the sec t ion • D e f i n i t ion o r  a C ac h e  H i t •  below. 

Firs t ,  the Su n-3 c :1c h c a r c h i t ec t u r e r eq u i re� that al l  5 u pe rv isor p :1.ge5 must h J.ve iden t ic al add rcs� 
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mappings across all contexts. 

Second , for protection consistency , the Sun-3 cache architecture requ ires that if a page is marked � 

having Superv isor access within one context, then that page must be marked a.s hav ing Superv isor access 
for all contexts. 

These requ irements ensure th at,  with the cache hit and protec tion definitions 5tated below, no 
d ifferences in d ata protection should be d iscernable whether a Sun-3 cache is enabled or disabled . 

9.3.  The Sun- 3  Cache: Its Structure and O peration 

9 . 3 . 1 .  Cache Tags 

Sun-3 cache tags are listed below. The use or these tags in cache control is explained in the next section . 

o Valid ( 1  bit) : Indicates that the tags and data at the addressed cache block are both valid. 
Neither tags nor data have  meaning if the Va!id bit is reset. 

• Modified (1 bit): Indicates that the cache block has been modified by one (or more) \Vrite 
cycles. 

• Virtual Address field (from 1 1  to 1 4  b its , depending on cache size): Virtual address bits which, 
together with the cache address, uniquely identify a cache block in a 28 bit virtual address 
space. For a 16K byte Sun-3 cache, the Virtual Address field is A < 27 .. 14> ;  Cor a 128K byte 
Sun-3 cache, the VA field is A<27 . .  17 > .  

o Protection (2 bits): \Vrite Allowed and Superv isor Access protection bits, identical t o  those in 
the M�IU. The use of the Protection bits is explained below under Definition of  Cache 
Protection .  

• Context ID (CID) field (3  bits) :  Identifies the  Context for the  cache block. 

• Reserved (3 bits): May be read or written,  but have no effect. 

• Unused VA bits (Variable; depends on cache size): Unused VA bits are undefined. 

• Unused (8 bits) : Unused bits .(0 <7 .. 0 > )  are undefined. 

Siriu. C&cht T&l fora&t (for Re &d/lrite TA! Control Sp&ct oper�t1on• ) :  

0 � 1  0�0 020 029 027 02e 025 024 02� 022 02 1 020 0 1 0  0 1 8  0 17 0 1 e  

I 1 ------ 1 - 1 -------1 
---Vl rtu a.l Addre u--·-----

0 1 6  0 1 4  D 13 0 1 2  0 1 1  0 1 0 000 DOB 007 DOe 006 DO� 00� 002 DO l 000 
1- -1 I I I 

-VA-> I lfrt J Su p i Re- 1 <--C I 0- > 1 <----Unu• •d------- > 1  
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g . 3 . 2 .  Accessi ng the Cache 

C ac h e  operations inc lude read cycles , write cycle-s, and Control Space operations. To access the  c ac he (or 
any or th ese operations, generally t he following information is requ ired : a Dev ice Space/Con t rol Space 
i n d icator (Funct ion Code b its ; implrmentation dependen t); a 3 bit con text I.D. (from the CID register or  
VME add ress bits A <30 . . 28> ) ; the  �8 bit v irtu al add ress (A <�7 . . 0> ) ; the Superv isor/U6er access bit ;  a 
Readf \Vrite bit; and the data taansfer size (S ize bits;  encoding is implemen tation dependent).  O n  write 
cycles, up to one longword o r  d ata is also required ; the data al ign men t  is implementation dependent. 

All o r  this information is required for c ache read and write cycles. O n  Control Space operations, - some 
m ay not be required; see the Control Space section,  below. Timing requirements at  the c ache interface r_or 
this i n formation are implemen tation dependent. 

9.3.3. Definition of a Cache Hit 

In this sec tion,  the cache • bit•  is defined for read and write cy cles and for the Block Copy {Read ) and 
Block Copy (\Vrite) Control Space operations. The • h it• c riteria for other Con trol Space o perations are 
explained in the Control Space section, below. 

There
. 

are two requirements for a cache b it. F irst, the access address A<27 • .4 > must m atch the c ache 
v irtual address tags plus the c ache block ?.ddress. 

Second, either the access c on text ID must match the c ache Context ID tags, or the cache Superv isor 
p rotection tag must be set. Ir the c ache S u perv isor Access tag is 5et, then the c ache block may be accessed 
regardless oC the access context ID. 

This • b it• defin it ion does not necessar ily imply a valid cache access, since it takes no account  or 
protection c hecking (below). 

9 . 3 .4 .  Definition of Cache Protection 

Cache protect ion check ing is defined for read a n d  wr ite cycles a n d  for t h e  Block Copy (Read ) and Block 
Copy (\Vrite) Con trol Space operations.  P rotec tion checking in inhibited on all other c ac h e  specific 
Control Space operations and du ring • \Vrite Back •. cycles (see Cac h e  Access and Block Repbcement,  
below ) . 

· 

There are th ree require m e n ts.  First,  no cache protec tion v iolation can result unless there is a cache b it. 
Second,  if the access bas User protection,  a protec tion v iolation resu l ts on a h it if either the cache  block 
bas Supervisor protec tion , or i f  the access attempts to wr ite in to a c ac h e  block whose Write Allowed tag is 
reset . Third, if the access has Su perv isor protec t ion ,  a protect ion v iolat ion results o n  a h i t  only if the 
access attem pts to write into a c ache block whose \Vr ite Allowed tag is reset. 

A protect ion v iolat ion term i n ates the bus cyc le with a bus error, wh il� se tting the Protec tion E r r o r  bit  in 
the Bus Error register (on CPU bus cy c les). 

9 . 3 . 5 .  Enabling the Cache 

The • En �ble Exte r n �l C�c h e •  bit ,  D <  4 > o f  the  System E n �ble reg ister , deter mines w h e t h er t h e  c a c h e  
i !5  e n ab led for read a n d  w r i te  cycles.  I n  I3 o o t  st�te ,  t h e  cac he is  d isabled . I f  d isabled , all  cac h e accesses 
• m iss • the  c ac h e ,  no c::Lche bloc k s  arc  wr i t ten b3c k to m e mo ry ,  and m e m ory d ata  are d i rec tly r e ad from 
o r  w r i t t e n  to main m e m o ry . Block Copy (ne ad )  an d I31oc k Copy (\Vr i te ) C o n t rol  Space o pc r a t io n 5  
operate  fro m  main  m e m o ry , i g n o r i n g  t h e  c ac h e .  A l l  o t h e r C o n t r o l  Space  opc r at io n!5 for t h e  c ac h e , 
howe v e r ,  remain  u n a ffec ted by t h e  En able b i t .  
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D . 3 . 6 .  Cache Initialization 

The state of  a Sun-3 cache following a Power-On reset , User Switch rese t ,  or \Vatcbdog reset may be 
indeterminate. The reset forces the Enable External Cache bit (above ) to be inactive. To in itialize the 
c ac h e ,  t h e  Val id tags for all cache bloc k s  must. be reset. by issue in g • \Vrite Cache Tags • commands in 
Con trol Space before the Enable External Cache bit.  is set ac tive (see Control Space , below) . 

9 . 3 .7 .  Read and Write · Cycles:  C ache Hit O peration 

For the Sun-3 cache, read and write cyc les begin by determining whether the cache access ' bits • or 
• misses• the cache. Ir the access •bits • the cache, then a protec tion check is made. Ir a protection 
v iolation is round , a protection error terminates the bus cycle; no valid data are read (read cyc le) or 
written (write cycle) , and no  block tags are updated . 

· 

Ir no protect ion v iolation is found ,  the cache cycle is valid . On a v al id read cycle, up to a longword or 
cache data is read from the cache. Data alignment  is implementation dependent. On a valid write cycle, if 
the Modified block tag is active, then up to a longword or  access data is written into the block .  The sizes 
oC  data updates and alignment rl!quirements are implemen tation dependent. No bloc_k tags are updated on 
e ither or these cycles. 

Ir the Mod ified tag is inactive on a val id write cycle, then both the Modified block tag bit and the 
Modified bit in the MMU Page �bp must be updated. The c ache data may be rewritten from memory 
data du ring the tag and M�ru update , depend ing on the implement�tion. Cache data will be updated by 
writing up to a longword of access data into the block .  Again ,  the  sizes or data updates and alignment 
requ iremen ts  are implementation d epende n t. 

9 . 3. 8 .  Read and ¥lrite Cycles: Cache Miss O peration 

A cache • m iss • on . read and write cycles in Device Space may be caused by either an access to a 
cacheable Ty pe 0 page whose data are m issing from the cache ,  or by an access to a • Don 't C ache•  page 

or a non-Type 0 page .  Reading the M�IU Page ?\1ap dete rm ines whether the access data should be in the 
cache . 

Ir the M�ru translates the access address to a v alid Type 0 page whose •Don 't Cache• bit is inactive, 
then the cache will be updated at the b l ock correspo n d i n g  to t h e  access address on both read and write 
cycles. The cache tags wilt be upd ated to :. t...ow the access con text and v ir tu al add ress , the Val id bit will be 
set ac tive, and the ?--.1odificd bit will be se t .>n a write cyc le. 

Q . 3 . 9 .  Cache
--

Misses and D ata Consistency 

Th e sou rc e or a v alid block or d a t a  to u pd ate the cache fo l low in g a c ache • miss • m ay be either Type 0 
m e m o ry or the old cache block data. The selection depends o n  the con tents of the old cache block to be 
repl aced . If the cache block cont:1.in5 an inv alid ent ry ,  then the  sou r c e  or the d ata u pdate is m e m o ry . If 

· . the cache block is v al id , then dat:\ cons istency issues deter m ine the sou rce . 

I n  the  s ec t ion • D ata Consis t e n cy through �1od ulo 1 �8K A d d r essing • above , it was stated that cache 
d a t a  c o ns is t ency w o u l d  be g u a r an t eed i f  all  al i as a d d r esses we re to map to a c o m m o n  c ac h e  locat ion 
m o d ulo 1 �8K.  \V i t h  m od u lo l � S K  a d d r e s si n g ,  i t  is  poss ib le  t h a t  t h e  access v ir t u al add ress a n d  cache tag 

v i r t u al ad d r ess bot h t r an sbte t o  t h e  same p h y s ic al b loc k .  T h e  S u n-3 cache  arc h itec t u r e  r eq u i res a 

ph y s i c a l  a d d ress c o m p a r a t o r  to d e t e r m i n e  w h e t h e r  t h e  t r a n s l a t e d  b l o c k  add r e�se� are  i d e- n t ic a l .  The 
n u m b e r  o f  ad d ress b i ts  c o m pared i n  t h e  p h y s i c a l  a d d r<'!'� c o m p a r a to r  is  i m pleme n t a t ion d epe nde n t . 
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l C  the phys ic al add r ess('� compare, then the 5ou rce of v alid d ab. to u pd ate the c ache is the old c ac h e  
block d ata. If the o l d  c ac h e  block bas n o t  been modifi<'d,  the n  t h e  c ache  d ata a n d  memo ry data are 
id e n t ical.  Either can serve as the data sou rce,  depend i n g  on the i m ple m e n tation . Ir  the old c ache  bloc k has 

been mod ified , then the old cache data must be the source for the cache u pd ate . 
Once the source of v alid block data h3.5 been determined , the access cy c le can complete . O n  read cycl�s . 

u p to a longword of data may be read d irec tly from the sou rce or fro m  the c ache following the c ache 
u pdate,  depen ding on the im plemen tation . On w rite cycles, u p  to � longword or acce55 d ata m ay be 
wr itten into the c ache. The s ize or d ata u pdates and cache data alignment arc implemen tation dependent. 

D . 3 . 10. Write Back Cycles 

The S u n-3 c ache is a write-bade cache: modified data are held in the c ac h e  u ntil a cache block is either 
replaced (on a cache m iss) or Ousbed (see the Con trol Space section , below).  Memory cyc les which write 
modified c ache block� back into memory are c alled Write Back cycles. 

Following a cache • miss • on a read or write cycle, the c ac h e  block addressed on the access w ill be 
updated , prov ided the access address translates to a .:acheable p age. The sources for the upda�e may be 
e ither the · old cache block data or m ain memory (see above). lC the source is the old cache block , cache 
d ata need not be rewritten to memory . Ir the source is the main memory , then an old cache block which is 
v alid and modified must be written back to memory . This cache d ata m ay be temporarily buffered; the 
architecture does not. requ ire th at the \Vrite Back cycle to memory complete prior to u pdating the c ache 
with new d ata. 

· 

Similarly , d uring a Flush Cache Set operation in Control Space, v alid and modified c ache blocks must be 
written back to memory if they satisfy the • nush match • criteria. 

Durin g a \Vr ite Back cycle, the v irtual add ress for the block being rewritten must be translated in the 
:M�fU. Any translation error is sign alled as a • \Vrite Back. • error interrupt to the CPU. No protection 

c hecking is performed. 

9 . 3 . 1 1 . C ache Error Conditions 

There are two ty pes or errors u n ique to systems with Sun-3 caches.  These are Asy nch ronous Time Out 
errors and \Vrite Back errors. 

In  Sun-3 systems w ith c aches, a time out error may be reported d i fferently , depending on when the 
cond ition is detec ted . IC the cond it ion is detected while ei ther a CPU or DV�1A bus cycle is in p rocess , 
then th e  time out is reported a.s a bus er ror to the CPU or DVM.A m aster . O n  CPU bus cycles, the 
TI�IEOUT bit (D < 5 > )  in the Bus Error register records the c ause of the error.  (See also the Bus Error 
register descr ipt ion.) . . 

Ir the time o u t  error is detected dur ing a \Vr i te Bac k cycle (above),  then it is reported, i! enabled , as an 
inte r rupt  to the processor. The TI� fEOUT b it (D <3 >) in the 1--.iemory . Error Con trol register  records this 

error.  

· .  A \Vr i te Back error resl.! lls w h e never a trans lat ion except io n  is de tec ted for the add ress o f  a v alid and 
modified c ac h e  bloc k  which must be wr itten  back to memory d u r i n g  a \V rite Back cycle (abov e).  Th is 
e r ror , if e nabled , is also r<'portcd to the  p r oc essor as an i n t e r r upt  and is recorded as the  \YnACKEfiR bit 
(D < 2> ) in the Memory E r ro r  reg ister.  Note that  n o  p ro t e c t io n check is per formed d u r in g  the Vvr i te 
B ac k  add ress t r a n s l a t i o n .  
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9 .4 .  The S u n-3 Cnche nnd the MMU 

g . 4 . 1 .  The MMU Accessed Bit 

In Sun-3 systems with no cache,  an M�ru Accessed bit is u pd ated on ev ery bus cyc le to memory . In 
Sun-3 systems w ith a cache, no �n.ru update is made if the memory read or  write acct>ss • bits• the cache. 
Ir the operating system resets an MMU Accessed bit, this means that the b it will not be set again in cache 
5ystems until there is a cache m iss for d ata contained in that page. Note that the Control Space 
commands Block Copy (Read) and Block Copy (\Vrite) may also update the M.tv1U Accessed bit. 

As a consequence, M MU Accessed bits may be somewhat i naccurate in reflecting page useage within 
Sun-3 systems with c aches.  

9 .4 . 2 .  Modified Bits for the Cache and MMU 

The c ache and MMU Modified bits are coordinated as follows. Ir a Write access misses the, c ache, then 
the M:rvnl Access and Modified b its plus the cache Valid and l\-1odified bits are all set active when data are 
returned from main memory .  For subsequent \Vrites to the same cache block, no tag updates are 
requ ired . 

Ir a Read access misses the c ache, then the MMU Access bit and the cache Valid bits are set active when 
d ata are retu rned from main memory .  Ir a subsequent Write access to this same block occu rs , then both 
the cache Modified and MMU Modified bits must be set actiYe.  Again, subsequent Writes do not affect 
the cache tags. 

9 .4 . 3. Write Back Cy cles, Control S p ace O perations, and the MMU 

\Vrite Back cycles and Control Space operations (see below ) require spec ial mention regarding their use 
of the MMU. M1ill translat ions are required dur ing \Vrite Back cycles, flushes, and Block Copy 
oper:l.tions. During \Vrite B:l.ck cy c les and fltlshes, NO protection checking is performed; check ing is done 
for Block Copy operations. 

The MMU is never u pdated on \Vrite Bac:k cycles or flushes. On Block Copy (Read ) operations, the 
MMU Accessed bit of the block read is upd=· ted i f  the block is not in the cache. O n  Block Copy (\Vrite} 
operat ions , the Accessed and Mod iried bits ue both u p d ated. 

9 . 5 .  C o ntrol S pace O perations for the S u n- 3 C ache 

9 . 5 . 1 .  C ontrol S pace O perations: O verview 

There are four  Cont r o l Space operat ion� for the Sun-3 c ache . These are Readf\Vr i te Cac he Tags; 
Rcadj\Vrite Cache D a t a ;  Flush ; and Block Copy . 

The s iz es of data t r :m s fers su pported for c ache Control Space o pe r at ions are implementat ion d e p e n d e n t .  

D e ta iled d esc r i p t ions  o f  t h e  c a c h e  c o n trol  ope r a t ion s are given below. T h e  follow i n g  n ot a t ion  is used : a 

d a t a  b i t  v al u e  of • d •  in d ic �tes • Do n ' t  C:!re • .  
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g . 5 . 2 .  Read/Write C ache Tags 

REC I STERIKAP A<3 1 • •  2B> 0 < 1  • .  0> S i r&  ADDRESS F l El.D  
-----·------------

CACHE lACS Ox9 LOIC A< 1 8  • •  4> e 

• Addr• • •  field for 1 29lB cache ; A<13  • •  4> for 1eKB cache 

. .  

A Rt� or lritt coaaand i n  Control Space . 
At the addr••••d cache block . -lt ad or lrite the cache ta,a at 

data in a 32 bit foraat . 

Data f h ldt : 

031 030 020 028 027 028 026 024 023 022 021 020 0 1 0  0 1 8  0 17 O l e  
I I I I I 
I Val l Kod l l\u e nd I <---- Virtual Addrua--------

0 1 6 0 1 4  0 1 3  0 1 2  0 1 1  0 1 0  DOO 008 007 008 006 DO.( D03 D02 DO l DOO 

I I I I I 
--VA--> I Vrt i Sup i R•- 1 <---ciD---> 1 <  Unu t t d  > I  

con ' t . I P rote ct l t t rTtd 

Data f oraat : 
32 bit (lo,i cal) data , 0<3 1 • •  0> . 

Unused bite 0<7 • •  0> art unde f ined . 
S1z•• of data tranef • r• aupported are iapltae ntatlon d ependent. 
Jot• : lritin' all Valid bitt w ith 0 ' •  initiali z • •  the c�cht . 

Bus Error Cond itions : lone . 
Inte rrupti Gene rate d :  lone . 

9 . 5 . 3 .  Read /Write Cache Data 

1\EC !STERIIAP A<3 1 • •  29) D<l • •  O> S I Z&  TYPE. 

CACHE DATA O:rO LOJC 

ADDP.ESS F I F.1.J) 

• Addr e a a  f i tld for 1 2SlB cache : A<13  • .  2> for  teXB cache 
Add r • • •  note : A<3 • .  2> Lddr• • •  a Lon�ord w ithin a cache block.  

A 1\tad o r  lrite coeaLnd in Control �pact . 
Read or lrit• tht c ache data at the addr t a e t d  cache block . 

Cache ta�a art not checked for thi 1  ope ration . 
Data fonat: · · ·  

32 b it d ata , 0<31 • •  0 > . 
S iz • •  o f  data t r ant f t rl auppo rttd art 1 a p l e a e nt a t 1 o n  d e p e n d e nt . 

Bu• Er ror Cond i tion• : l o n e . 

I ntt rrupt• C t ne rate d :  lon• . 
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9 . 5 . 4 .  Flush Cache O perations: Overview 

Three Flush Cache operations are defined , de pending on the match c r iterb.: the context m atch flush,  the 
page match flush , and the segmen t match flush. All operations operate over a set. of cache blocks. A � t  is 
ddined as one or mote c ache blocks, the n umber or blocks being a power or two and impleme-n tation 
dependent.  The starting address for a set is specified in the com man d ,  with the assumption that lower 
order add ress bits are O's. By incrementing the set address, a sequence of Flush Cache Set commands will 
flush the entire cache. · ·  · ·- - - -

Each c ache flush command may chan ge the cache in two ways. First, each flush command c auses all 
Valid and Modified blocks from the set which satisfy the flush match criteria to be written back to main 
m emory . Second ,  each flush command causes all Valid blocks · within the set which satisfy the match 
criteria to be invalidated. · 

The match criteria for flush commands are defined below. 

9 . 5 . 5 .  Flush Cache Set [Context Match) 

REC ISTER/MAP A<�l • •  28> D<t • •  O> S I ZE  

FLUS H  CACHE OxA 

SET (COJITEXT) 
" 0 1 "  1/A 

ADDRESS F IEl..D 

WRITE CX<2 . .  0 > . A<10 • .  4>• • 

•• A< 18 • .  4> co r re tponda to 128KB c &che (aLX) w i th 1 block St� (ain) 
Upp e r  bound of A< 18 . •  4> T�r i e t w i th CLche t iz • : 
Low e r  bound of A< 18 . .  (> TLri e • w ith Sot a ix e  for f luah 
lin. Ldd r e u  f i eld = CX<2 • •  0> (w ith Set. du = cache a h e )  

A Vrite coaA�d i n  Control Sp&c e . 
Op• r �t ion ���r r :  Fluah f roa �he c a ch e  �11 cache b lock• w ith in 

& cp e c i t ied context w h ich & r e  t roa Uar � p rot e cte d p�g• • ·  

Fluah • &tch c r 1 te r 1 L :  The Scpe rTi ao r  p re -• ction ta1 auat b e  

r t a e t  (U a e r  a pac e ) , and the Cont e xt It t a � •  aua t = the 

Context ID r• Eitte r (� bita ) . 

D &h foraat : 

(0< 1 • •  0> D ' 0 1 " )  idont i U u  �h h !loa:  co11aLnd u � Cont e xt.  
lbtch t lu h .  

DU not . .  : Jfo IDnJ prot e ction c h e c k  i t  <! . .: • , � d  no u p d a t e  h 
perforaed on kW Accu . .  d o r  llod i f i e C:· bi t a .  

Error inte r rupt conditio n :  

Wr ite Back e rror if t h e  addr• • •  �ranalLtion for & v � l i d  �nd 
Modi f ied c&che block 1 •  inY al i d .  

Jo t1 1 : 
A Context Fluah 1 •  ua e d  to e ns u r e  cache addr• • • in( con a 1 a tency 

whe n e Ye r a new Lct 1Tt conta%t r e p l ac e • an old contaxt i n  the 

rvu. The Context Flu•h aua t bt p • r f orDt d be fore  the old 
context re ! e r e n c t a  �r• reacT e d  t roa the vvu .  s in c e  th• tVU 
i t  r e q u i r e d  to t r Ln l l a t e  the c � cht block• ' T i rtu al �dr • • • • • · 
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g . 5 . 6 .  Flush Cache Set [Page Match} 

REC ISTERIKAP A<31  • •  2B> D < l • .  O> SlZ£ 

fLUSH CACHE 

SET (PACE.) 

OxA • to •  1/A 

ADDRESS F I  D..D 

IR I �  CX<2 • •  0> , A<27 • •  13> , 
A< 12 • .  U . .  

• • A< 12 • .  4 >  eorre apond a �o 1 block S e �  (a1n) 
Lowe r  boun4 of A < 1 2  • .  4> T&r 1• •  w 1�b s.� 1 1 1 e  f o r  f lu • b  
Min . Lddresa f i•ld • CX<2 • •  0) , A<27 • •  1S> (w l�b S e �  1 i1 1  > •  OKB) 

--------

A lrit• coaaLD4 in Control Sp �c• . 
Ope r�tioa IUaa&rJ : Fluab f roa �b• cache all cache blocks w ithin 

• ap ecif i e d  pa1• • re ,ardl• • •  o f  �h• pac• p rot e ct ion . 
Fluah aatch cr1�er1a :  Two crite ria aua t be • •�1 a f l e d .  

Flra � .  t h e  cache block " •  Tlrtual p a'• addr• • •  A<27 • •  13>  aua� 
aateh the aec• • •  p a1• addr • • •  A<27 • •  13> . One (or aore) b i t •  f roa the 
cache block " •  pace addr • • •  A<27 • •  13> fora par� o f  �he each• add r e a a :  
�h• o�he ra are �a, b1�• . the boundarJ betw e e n  the ta1 b i � •  LD d  the 
cache addr• • •  f i e ld 1 •  iaple a e utation depe ndeD� .  For •x�ap l • . in a 
1ClB cache , A< 13> 1 •  part of the each• addr• • • ·  Lnd A<27 • •  1•> are tagt . 
The t t cond crit e rion 1• that t ither the cache block " •  Sup e rY 1 a o r  
prote ction t a 1  b e  ac�iTt pr tha� �be cache block ' •  Cont• rt ID 

f ield aa�cht l  the Context I D  registe r .  
Data foraat: 

(0< 1  • •  0> • " 10 " )  ident 1 f 1 • •  thia f lu1h coaaand a a  a Pa,. 

htch f l u b .  
WVU note • : lo WVU prote ction c h t c k  1 •  done , a n d  no update 1 •  

p e rforaed on IXU Acc • • • •d or lodi f ied bita . 
Error inte r rupt cond i t ion: 

lrite Back e r ror i f  the addr • • •  tran1l ation for a Valid and 
Kodi f i e d  each• block i1 inTal 1 d .  

lot. u : 
The Pa'' Flua� ia u • e d  d urlnr P�E• aan�r • • • n t  t o  purE• a l l  

r a f a r e nca 1 to a T 1 rtual p a s •  f ro a  th• cache . I t  aua t be 
p • r fo ra e d  b e f o r e  �h• kVU 1 a  upd & t t d  to r e aoYe t h e  pa, • •  

a inc• the lXU 1 •  r•qui red to t r Lna l &t e  the c� cbe blocta • 
Tirtual addr• • • • • · 
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0 . 5 .7. Flush Cache S et [S egment Match] 

REG I STER/MAP A<31 • .  20> 0< 1 • .  0> S i t£  

FUJSH CACHE OxA 

SET (SECIEIT) 
· u ·  1/A 

ADDRESS F Ul..D 

ll i TE  CX<2 • •  0 > ,  A<27 • •  17> . 
A< 18 • •  n . .  

• •  A< 18 • •  4 )  co r r e • ponda to 128r.B cache (aLX) with 1 block Se� Cain) 
Uppe r bound of A<18 • •  4> �ariel w i th cache 1 111 : 
Low e r  bound of A<18 • •  4> Yar ie a w ith Set aize for f lu•h 
Min . addr• •• f i eld a CX<2 • •  0> . A<27 • •  17) (with Set a i z •  a each• ) 

A Wri te coaaLnd in Co nt rol Space .  

Ope ration auaaarr : Plu•h f ro• the cache all cache blocka w ithin 
a apecif ied • • ca•nt . re cardle •• of the pace p rotection . 

Plush aatch crite r i a :  Two crite ria au•t be • at ia f ie d .  
F i r • t .  the • •ca•nt &ddre • • A<27 • •  1 7 )  f ro• t h e  cache block ' •  Yirtual 

&dd r• • •  tacs aust aatch the acce 1 1  • •r-ent addr e s a A<27 • •  17) . 
the 1 e cond criterion 1• that e ithe r  the cache block ' •  Supe rTilor 
prote ction tac be actiYe or that the c ache block ' •  Context I D  
f i e ld a•tch•• the Conte� ID r•c1ate r . 

Data foraat : 
(0< 1  • •  0> = ' 1 1 ' ) identif ie s tbi a f lush coa.&nd aa a S o gaent 

M i t c h  f lush.  
KIU note • :  lo XKU prote ction check is done . and no update 1• 

pe r forae d on KVU Acc e a a ed o r  Modi f i t d  bit• . 
Error inte rrupt cond i tion : 

lrite B ack e rror if the addre a a t r an s l ation for a Valid &nd 
Modif ied cache block ia inYal id.  

lot u : 

The Se ca•nt FluDh i• u• •d du�inc pa�e a&na,•••nt to purge all 
r e f e r ence • to a Ti rtual s e gaent f ro• the cache . It ia 
requ i r e d  whone T t r  an actiYI r.,. Map Entrr C roup (PKEC) 
•�•t be replace d .  I t  au1 t  b e  p e r foraed b e f o r e  t h t  r¥U 1 •  
upd ated t o  r e moTe t h e  P� . a inc t t h e  lWU 1• re qu i r• d  � 
tran 1 l ate the cache b l ock• ' Tirtual 'ddr • • • e s .  
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0 . 5 .8. Block Copy : Introduction 

Block Copy (Read} anti Block Copy (Write) arc commands which, executed in sequence , cause a block or 
data to be moved from one block address to another while main taining cach e data integrity and avo idinl 
the d i�placement or any v alid blocks from the cache. The source block for  a Block. Copy sequence may be 
either a cache Llock or maio memory ;  the destination is always a block in m aio memory . 

Block Copy (Read} and (Write) must maintain cache data consistency . For both Block Copy (Read) and 

(\Vrite ), the v irtu al address hit cr iteria are the same as those used in cache read and write accesses. An 
add itional comparison is required for both Block Copy (nead ) and (\Vrite) if the command address 
• misses• the cache. In this case, the translated physical address for the com mand must be compared with 

the translated cache block address. If they match, the command address and cache block address are 
synonyms, and the command must be handled :1S a cache • b it• . 

In what follows, the term •bit• indicates e ither a v irtual address . • hit.•  or physical address match. I! a 
Block Copy (Read ) command •b its• the cache, the source block for the copy operation is taken from the 
cache; otherwise the source is in maio memory. No protection v iolation can occur, since Block Copy 
(Read ) bas Superv isor read access. The MMU Accessed bit is updated if the Block Copy (Read) comm and 

• m isses• the c ache. 
· 

The destination of the Block Copy (\\'r ite) command is always main memory .  I! the Block Copy (\Vrite) 
command • bits• the cache, then the cache block must be invalidated . A protection v iolation for the \Vrite 
command will resu lt if the page for the destination blo"ck proh ibits writes. A protection v iohtion prevents 
bo th  writing the block and updat ing the M�ru. Otherwise , both the M!\1U Accessed and Modified bits will 
be updated by a valid Block Copy (\Vrite) command. 

Certain restric tions apply to the instruction sequence which may be executed between a Block . . Copy 
(Read ) and Block Copy (\Vrite). First ,  if any changes are made to the source block following the execution 
of a Block Copy (Read ) but before a Block Copy (\Vr ite) , the resu lts of those changes are unpredictable in 
the Block Copy (\Vr ite) block. Second,  if any other Block Copy (Read ) or (\Vrite) commands are execu ted 
d u ring the instruction sequence, the results c- ( the orig inal Block Copy comm ands are unpred ictable. 

Implemen tations of Block Copy comm and� may vary . Command formats are given below. 
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U . S . D .  Block Copy [Read} 

kEC IS TER/KAP A<3 1 • •  20> D< l • .  O> SI� 

BLOCX COPY (u:AD) OxB 

A Rn d co-ud b Cosat.rol Space . 
Operatlo�: See a\o•• · 
Dat.a toraat. : 1/A. 

1/A 

ADD llESS F I EU> 

CX<2 • •  0 > .  A<27 • •  4> 

Error 1At.errupt. co�dit.ion: ECC. e rror (iapleaentat.ion dependent.) . 

9.5.10. Block Copy [Write] 

REG ISTER/MAP A<31 • •  28) D<l • •  O> SIZE 

BLOCI COPY (n11D OxB 1/A 

A Write coaa�d iA Co�at.rol Space . 
Op• rat.1on : Se•  a�oTt . 
Dat.a foraat. : 1/A. 

ADDRESS Yln.D 

IRIT£ CX<2 . .  0 > .  A<27 • .  4) 

Error inte rrupt. co�adit.ion : ECC error (iapltae�at.at.ion depe nd•nt.) . 
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10 . The S un- 3 ECC Memory Architecture 

10 . 1 .  The S u n- 3  E C C  Memory: Overview 

ECC memory is the standard memory for Sun-3 systems with caches . Howev er, the ECC memory 
arch itectu re, as spec ified below , is not restricted to cache ba..sed syste ms alone. 

ECC memory requ ires three control registers on each memory board mapped into the Dev ice Space. One 
or these registen initializes the base address or the memory board; the base address or e3ch bo3rd is 
restricted to be a multiple of the size of the board. (For example , the base address or an 8 MB board must 
be located on an 8 MB address boundary .) The second register captures the failing address and sy ndrome 

on single bit errors, and the third defines the mode and operation of the ECC chips. 

The con tents of these registers and bow they are accessed are discussed in the following sections. 

In add ition , the Memory Error Control and Memory Error Address registers on the processor board 
control and record ECC error interrupts to the processor. See the section • !-.iemory Error Registe rs• 

above for a d iscuss ion or these registers . 
I 

1 0. 1 . 1 .  E C C  Memory O perations 

The following operations are supported by ECC Memory :  

• B u s  �femory Cycles: Read a n d  write main memory in response to  CPU, DV�lA. or cache 
Write Back bus cycles. 

o Register Access Cyc les: Read and write memory control registers . All registers are add ressable 
through a s ingle Type 1 page in Dev ice Space; see below. 

• Refresh Sc rub Cyc les: IC  en abled , a data scrub w ill be performed d u ring memory refresh . 

10. 1 .2.  Memory Error Conditions 

There are two error conditions which may be detected in  ECC memory :  Correctable Errors (CE,s) and 
Uncorrectable Errors (UE's ) . These may be detected dur i ng either memory access cycles or re fr esh scrub 
cycles. 

How these erro rs are repo rted to the processor (or DVMA m aster ) is d iscu ssed below.  

1 0.2.  Error Reporting for ECC Memory Systems 

The following sec t ions s u m m a r i z e  first the con trols to enable error  re por t i n & and second b ow the er ror 

reporting d iffe rs accord in g to t h e  ty pe o f  memory cycle and error.  

1 0 . 2 . 1 .  E n ab l i ng Error C hecking and Reporti n g  

A t able l ist ing t h e  n a m e s  and fu n c t ions o f  en able b its for e r r o r  repor t i n g  i s  g i v e n be low. 
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t.uDh B i t/ 
l•c h t. e r/Bd 

ECC EliABl.V 
In Enab/Mn 

SCRUB DABU./ 1 
J.a E.zl ab/lh a I 

I 
I 

DABLE CE/ 
lea Error/CPU I 

I 
I 
I 
I 
I 

Appl i u  oa 
lfnorJ Cy c l u  

D u e  luory 
cyclu onl y 

le f ruh Scrub I 
c,clu only I 

. ' 
I 

All 
Bu• leaorr. 
le frub Scrub l 

I 
I 
I 
I 

(lone) I Bu llnory 

I crclu onlJ 

I 

EIABIL liT/ 

In E.rror/Ci'Ul 
I 
I 
l 
I 
I 
I 
l 

All 
But llleaorJ, 

Rd rub Scrub l 
I 
l 
I 
I 
I 
I 

Y1li1Ct.1oa o f  
ED ab l t  Bit 

Enabl•t Check 81\ c • n e rat 1o� 
and both � and UE reportinc 
to ••• Error r•c oa CPU Bd 

En abl e •  Che ck 8 1\ ,ene rat1o� 
and OILY a: reportinc 
to Mn E:rror nc on CPU Bd 
� repor\inc i1 inhibited) 

ED ab l • •  CE bit in lea Error 
R•c: C£ 1• let if the Error 
Statue b1\ (DO) in \he 
Corre ctable Error lee on 
AIY •-• B4 it actiYe ; C& 
bit 1• r•• •t onlJ wbtn ALL 
Error Statut b itt are r ete\ 

UE bit in Ita Error aec it 
al••J• e nable d and it t e \  
on UE reported t o  CPU B4 

Enabl•• inte rrupt to CPU i f  
an y  e r ror b i t  i n  the Iemery 
Er ror a., it &ctiYt . 
The error bitt , 00 : 03 ,  
i nclude the CE ,  UE, 
YBACKERR , and TIMEOUT bitt . 
(S e e  •cache Error Condi­
tione • in the Sun-� Cache 
for IBACIERR, T IUEOUT . )  

1 0.2.2.  Reporting E C C  E rrors 

Uncorretable and Correctable errors are repor ted to the CPU or  DV�1A Master as follows. 

• On DVMA cycles, the 01\'L Y error that is reported to the DV?v1A Master is an Uncorrectable 
error on the data requested du ring a DVt-.1A Read cycle. This UE is reported to the �taster as 
a bus error. Errors resulti n g  from DV�1A \Vr ite cycles or  cache Write Back cycles resu lt ing 
from DVMA are not reporte� to the DVMA M:lSter.  

• Correc table and Uncorrec table errors,  if  e n abled , are reported to the processor as interrupts if  

they result from CPU, DV�·L-\ o r  \Vr ite Back bus cycles. Correctable errors resu lting from 
refresh 5C r u b  cy c les, if  en abled , arc also repor ted a.s i n te r r u p ts. UncorrectabJe errors resu lt in g  

from refresh scrub cy c les are not  reported . 
· 

• Note t h at the Memory Error Add ress register on the p ro c essor board does NOT capture the 
fai l ing add ress of Correctable errors .  The Co rrectable Error Reg on eac h memory board s av �  

th is add ress. The Mem ory Address Error  Reg saves the v ir t u al add resses fo r Uncorrcc table 

e r rors,  \Vrite B ac k  errors ,  and those Ti meou t e rrors reported as interru pts .  
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1 0. 3 .  Device Space Registers for ECC Memory 

In this �ct ion , the re� isters defined in the Device Space (Ty pe 1 access) for ECC control which :ue o n  

memory boards are  exam ined in  detail. Th e Memory Error Control and Memory Er ror Address registers 

for ECC error reporting are d iscussed in the section • }\fernery Error Registers • .  

1 0 . 4 .  Addressing Registers on ECC Memory Boards 

Each memory board on the Sirius bus contains three different Dev ice Space registers. All or these 
registers are addressable through a :single page in the Dev ice Spac�. 

Initialisation : See th• eh�pte r on CPU R• • • t 

1 

DlYICl!: ADDl 

(Decode A<20 • •  17>) 

Os00 1EOOOO 

DEVICE 

ECC lnor7 

PRYS . SPACE 

A<7 • •  0 >  

\Vithin this page, address bits A7:A6 add ress the memory board n u m ber (set by jum pers). Address bits 
A3:AO address each or the three registe rs, as shown below. 

A.Doa REG ISTER DATA TYPE 
------

A<7 • •  8>=Bdl 
A<3 • •  O>=O:rl) ECC kD ElfABLE WORD REJ.D-IR I T£  

A<S • •  O>=O:x4 COIUtECTABl.L �Jl lORD READ-OifLY 

A<3 • •  O>=Ox9 ECC CH IP D IAC M B i t •  'IRlTE-OJrLY 
------------

The ECC Chip D iagnostic register may only be w ritten by word or longword writes on word (longword ) 
bou n d aries (see below). 

1 0.4 . 1 . The ECC Memory Enable Register 

ECC memory uses 28 bit physical ad dressin g . The ECC �femory Enable reg ister supports 28 bit 
physical addressing on the memory bus. The con ten ts or this H 3  b it register are shown below . 

ECC WDroRY Dr .ABLE REC I STER 
------------------------------------------

B I T  TYPE 
----------------------------------------

D<6 • •  0> n.a.sE J.DORESS 

D < � >  BOARD DIABlL 
0<7> BUS E.CC DIA.9 

D<O> SCRUB E!IABI.L 

0 < 1 0  • •  O> BDAAD S I ZE  

0 < 1 1 > EXABLE DMO 
0 < 1 2> Dt..WU: O W l  
0 < 1 6  . .  1 3 > BO ARD  rYPE 

S u n  �ficrosystcm� Inc 

re�-w r ite 

r e �d-w r i t e  

r e ad-w r i t. •  

rn.d-w r i t• 

r n..d-only 

t • a.d-w r i  te 

r e a.d-w r i te 

re a.d-o n l y  

Baa • Add r e • • : coap a r •  w i th 

bua a.dd r • • •  A<27 . .  22> 
Qye r a. l l  m• •o ry bo�rd e n a b l e  

EC C  g•ne ra.t ion/ch e c k e n �b l e  
o n  m • •o r y  b u a  c y c l e •  

En a. b l e  re f re a b  a c rub c y c l e  
w i th Co r r • c t ab l e  Er r  r • po r t  

Bo a r d  a 1 % e  • n cod i n ' :  
0 0  • 4 1m 
0 1  = a n 
1 0  = 1 tl  llB 
1 1  IC 32 I{B 

En �b l e  2Q60 p i n  DVO 
En a. b l e  2oeo pin D • l  
Bo a. rd t y p e  1 d e n t 1 ! 1 • r  
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The reg i5t.er cont�n t& are used a.5 follows:  

• The Base Ad d r�ss (0 <5 . . 0> )  for each memory board is compared with the memory bus 
address (A < 27 . . 22> )  dur ing each bus memory cycle . (Add it ional information ,  not iden tified 
in the architecture,  is required to identify a bus cycle as a m emory cycle .) I f  the Board En able 
bit (0 <6> ) is active, then a memory bus cycle is addressed to this memory board if 
A < 27  .. 22> is greater than or equal to the Base Add ress and less than the Base plus the board 
size {.f MB to 32 �m, encoded in 0 < 10  . . 9> ). 

• The Board Enable bit is initialized to zero when reset, as ind icated in the chapter on CPU 
Reset; it must be active to read or write the memory board . 

• The Bus ECC Enable bit enables check bit generation and error reporting for all bus memory 
cycles.  All single bit and uncorrectable errors from bus memory cycles are reported to the 
Memory Error Control register. 

• The Scrub Enable bit enables a background data scrub during refresh cycles. It also enables 
reporting Correctable errors detected d�ring the refresh scru�. 

• The Board Size field is a Read On ly field encoding the board size, 4 MB to 32 r..m. 

• Enable OMO and Enable OMl are used to control the mode of operation for the 2960 ECC 
chip by driving 2960 pins DMO and D�il .  

• The  Board Type field can be  used t o  iden tify particular versions or the Memory board. This 
field will be coded as O's for the in itial version of ECC memory .  

10.4 .2.  The E C C  Memory En 1.ble Register:  Initiali zatio n  

The ECC memory architec ture requires t · at memory Base Address registers b e  in itialized with board 
address boundaries which are multiples of tl � board s ize. As examples, an 8 MB board m ust be init ialized 

with bit D <O> = 0; a 1 6  l\ffi board w ith · <  1 . .0 >  = 00; and a 32 MB board with D <2 .. 0> = 000. 
Memory logic comparing A < 27 . .  22> with he Base Add ress field (D <: S  . . O > )  may assume that. lower 
order Base Address bits meet th is restrict ion 

10.4 .3.  The Correctable Erro� Register 

The 32 .bjL  Correc t able Error Register c:1.p tu res t he sy n d rome and physical add ress of the first sin gle bit 

error on a me mory board . It is reset on a write to the high ord er by te or the CE register. 

CORRECT ABl.£ EJUUJR REG I STDl 
-------------------------------------- ---

B I T  

0 < 0 )  EP-�R S ! A rus  r • �d-o n l y 
D <23 . . 1 >  Cf. ADDRESS r u d-o n l y  

I!E.AIC I N C  

A ct 1 T e  a t �tua = CE e r ror 

Rt � l  Addr t t a  b i t t  

� < : 5  • •  3 >  f o r  f i r a t  CE 
Srudro•• f o r  f ! r • t  CE 

---
- --

------ - - --- - --- - - -- --- -- ----- -- - - - - - - - - - - - - --- - - -

. 
The reg ister c o n t e n ts are used 3.5 rollows: 

• The E rror St�tus b it  is 5ct  ac t i v e when the ri rs t  c o r r cc t �ble e rror is  d e t ec te d  and reset by a 

\\'r i te to the ( rc�d o n ly } CE r e g is te r . The add ress :1 nd sy n d r o m e  :1 re rrozcn wh i te the bit is s e t .  
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• Tbe CE Addres• field hold& phy skal ..ddreu bits A < 25 .. 3 >  or the fir�t CE. Re3l add r�" bit. 

A < 27 .. 26> may be read from the BASE ADDRESS field (bits 0 < 5  .. -t > )  io the ECC Memory 
Enable regi.5ter for the board. 

• The Sy ndrome field holds the sy ndrome of the first CE. 

10.4.4. The ECC Chip Diagnostic Register 

so 

Any implementation of the Sun-3 ECC memory m ust include control reg�ters to initialize and test. the 
ECC generation and check logic. For the first implementation of ECC memory, the A?vm 29GOA ECC 

chips are selected for this logic. It is not intended th at all implementations of Sun-3 ECC memory be 
restricted to use these AMD chips. 

The first ECC memory utilite5 four AMD 2960A ECC chips per memory board. A 16 bit re&ister 
intern:U to each of these chips controls its initialitation and testing. This regi.5ter m ay be written but not 
read . 

The ECC Ch ip D iagnostic Register is a logical 64 bit register consisting of the four 16 bit registers inside 
the 2960A chip. This register must be written as 16 bit. words (or 32 bit longwords ) on word (longword) 
boundaries. 

· 

See the AlvtD Data Book for a complete description .  
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