
microsystems 

SPARCstation 1 S4 Chip Set 

This documentation package includes all of the specifications and electrical 
characterization reports for the SPARCstation 1 S4 Chip Set. 

The "Campus I" Programmer's Model is also included. 
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B. PIN DESCRIPTION: 
--------------------------------
SYMBOL 
~------

IU INTERFACE 
------------
CLK 
/IU 0(31:0) 
/IU MEXC 

TYPE 

34 

DRVC16 
BD4TRU 
IBUFNU 

DESCRIPTION __ ._._. .... ______ _ 

Clock 
Integer Unit Data bus 
Integer Unit Memory Exception 

SCHOOLBUS INTERFACE 39 _________________ ._._._. __ __ 

/SB A(l:O} 
/SB SIZ(l:O) 
/SB /AS 
/SB RD 
/SB 0(31:0} 
/SB /ACK32 
/SB /ACK8 
/SB /ERR 
/SB /RESET 

MISCELLANEOUS 
------------------
PAR(3:0) 
/PAR /EN 
/PAR /CS 
/PIO /SEL 
PI0(6:0) 
IOD(7:0) 
/IOD /EN 
/WB /OE 
/WB /CE 
/CD /OE 
/S4B /OD 
/S4b /TEST 
PARA 

IBUFU 
IBUF 
IBUF 
IBUFU 
BD4TRU 
IBUFNU 
IBUFNU 
BT8 
IBUFN 

20 

BD4TRU 
IBUFN 
IBUFN 
IBUFN 
BD4TOD 
BD4TRU 
IBUFN 
IBUFN 
IBOF 
IBUFN 
IBUFNU 
IBUFNU 
BTl 

SBus Address Bus 
SB us Size 
SBus Address Stroke 
SB us Read 
SBus Data bus 
SB us 32-bit Acknowledge 
SB us 8-bit Acknowledge 
SB us Error 
SB us Reset 

Parity data bus 
Parity Enable 
Parity Chip Select 
Parallel I/0 Port Select 
Parallel I/0 Port 
Input Output Data bus 
Input Output Data bus Enable 
Write Buffer Output Enable 
Write Buffer Clock Enable 
Catche Data Output Enable 
S4-Buf fer chip Output Disable 
Low for chip test mode 
Parametric Test Output 

INPUT/OUTPUT BUFFER DEFINITIONS 
--~~----._.--.ii __ ._._._ ______ ~---------~-

DRVCt 

IBUF 
IBOFO 
IBUFN 
IBUFNU 
TLC HT 
TLCHTN 
BDtTRU 

• • 

• • 
• • 
• • 
• • 
• • 
• • 
• .. 

Input Clock Buffer, CMOS, non-inverting. t indicates 
drive capability. 
Input buffer, CMOS, non-inverting 
Input buffer, CMOS, non-inverting, internal pullup 
Input buffer, CMOS, inverting 
Input buffer, CMOS, inverting, internal pullup 
Input buffer, TTL, non-inverting 
Input buffer, TTL, inverting 
Bidirectional buffer, TTL input levels, t indicates 



NOTES: 

1. 
2. 
3. 
4. 
5. 

IOH 
IOH 
IOH 
IOH 
IOH 

--
-
--
-
-

-1.0 mA 
-2.0 mA 
-4.0 mA 
-8.0 rnA 
-12 mA 

6. Requires one output pad 
7. Requires two output pads 
8. IOL - 1.0 mA 
9. IOL = 2.0 rnA 

10. IOL - 4.0 mA 
11. IOL - 8.0 rnA 
12. IOL = 12 rnA 
13. VIL to VIH 

VIH to VIL 
14. VIN - VDD or vss 
15. VIN = VDD 
16. VIN - VSS 
17. VDD =Max, VO= VDD 
18. VDD - Max, VO = OV 
19. VOH = VSS or VDD 
20. VIN = VDD or VSS 
21. Type B4 output. Output short circuit current for other outputs will 

scale. Not more than one output may be shorted at a time for a 
maximum duration of one second. 

6. AC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 100 pF) 

===================================================:=================== 
I SYMBOL I 
I I 

PARAMETER I LIMITS 
IMin IMax 

IUNITI 
I I ___ _,__,__,_, __ ,_, __ ,_, __ ~,_, _______________________________ _.,_ _______ .... ________ _ _________________________________________________ ..._ ________ _ 

tTCT I TCLK Period I 40 I ns I 
---------------------------------------------------------( 

tTCB I TCLK High Time I 17 I I ns I 
---------------------------------------------------------1 

tTCL I TCLK Low Time I 17 I I ns I 
---------------------------------------------------------1 

I TCLK to Output Valid I 20 I ns I 
---------------------------------------------------------1 

I TCLK to Output Invalid I 3 I I ns I 
---------------------------------------------------------1 

I Input Setup to Clock I 15 I I ns I 
---------------------------------------------------------! 

I Input Hold Time to Clock I O I I ns I ___ ....._ __________ _,__._.__._ __________ ,__, ______ ~----------______ ._._.. _______ ._. _______________ ....,._,......, _____ _...._.._. ___ .__. ..... ~__.._------



BT# 

BD4TOD 

• • 

• • 

Output drive, internal pullup. 
Tri-statable output buffer, CMOS, # indicates output 
drive current. 
Open drain buffer, TTL, non-inverting 



5. DC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 100 pF) 
======================~============================================== 

ISYMBOLJ 
I I 

PARAME'rER I LIMITS IUNITI NOTES f 
IMin ITyp tMax I I I ________________________ _.__.._._~---~---------------~ ..... - ...... -----------------­___________________________________________________________________ ..__ __ 

I VIH I Input High Voltage 
I I TTL Inputs 

I Temperature Range 
I CMOS Levels 

I I 
12.0 I 
I I 
13.5 I 

I I 
I v J 

I I 
I v I 

I 
I 
I 
I 

-------------------------------------------------------------------1 
VIL I Input Low Voltage 

I TTL Inputs 
I CMOS Levels 

I 
I 
I 

I I 
10.8 I v 
11.5 I v 

_______________ ._~~-------------------------------------------------
VT+ I Schmitt-Trigger, Positive-goingl 13.0 14.0 I v 

I Threshold I I I I 
------~~ ... ---~ ____________ ,_ _____ ._._--.i..--.-.-~--------------------------------~--

VT- I Schmitt-Trigger, Negative-goingll.O 11.5 I I v I 
I I I Threshold I I I 

------------------------~-~-._ ... ._,._. _______________ _,.._ __ ._ _______ _. ___ ~---~--
VOH I Output High Voltage I I f I I 

I Type Bl I I I I I 1 
I Type B2 J2.4 14.5 I I v I 2 
I Type B4 I I I I I 3 
I Type BB I I I I I 4,6 
I Type B12 I I I I I 5,7 _________________________ __.._._ __________________________ ,_,,,_, __ ...__~ ____ ._ ______ 

VOL I Output Low Voltage I I I I 
I Type Bl I I I v I 8 
I Type B2 10.2 f 0.4 J v I 9 
I Type B4 I I I v I 10 
I Type BS I . I I v I 11,6 
I Type B12 I I I v J 12,7 

----- .... ~~--~~-------~----~~.--------- ... ------------------------~-,_,,~------------
I Hysteresis, Schiimitt Trigger 11.0 11.5 I I v I 13 

-----.---~~ ... -._~,-.----~~.._._,.._ _________________________________________ ,... _____ _ 
II I Input Current, CMOS, TTL Inputsl-10 l+/-1( 10 I uA I 14 

I Inputs with Pulldown Resistors I 10 I 35 1120 I uA I 15 
t Inputs with Pullup Resistors 1-1001-30 I -8 I uA I 16 

-------------------------------------------------------------------1 
I IOS I Output Short Circuit Current 
I I 

I 15 I 50 I 1301 mA I 17,21 I 
I -5 1-25 1-1001 mA I 18,21 I 

1-------------------------------------------------------------------1 
I IOZ I 3-State Output Leakage Current 1-10 l+/-11 10 I uA I 19 
1-------------------------------------------------------------------1 
I IDD I Quiescent Supply Current IUser-Design Dependentl 20 ___ _, __________________ _._......__.-~_..._...,_, ..... ,__~----------------------------------------------------------------------------------..... ~---~~ ..... -.~_........ 



7. AC OPERATING REQUIREMENTS* 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 100 pF) 
========================================================== 
I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITI 
I Min ( Max I I 

=======================================================~~= 

I t I From XCLK High to XCLK High I 40 I ns I 
1--------------------------------------------------------1 
( t I From CLK to /IU D 11 O . 5 I 2 3 . 5 I ns I 
1--------------------------------------------------------1 

118.0 I 27.0 I ns I I t I From CLK to /SB D 
!--------------------------------------------------------( 
I t i From CLK to PAR 123.0 I 34.5 Ins I 
1--------------------------------------------------------1 
I t I From CLK to PIO 112 . O I 21 • 5 I ns I 
1--------------------------------------------------------1 
I t I From CLK to IOD I 8.0 I 31.5 I ns I 
1--------------------------------------------------------1 
' t 

I From CLK to /SB MERR 116.0 I 23.5 I ns I 
1--------------------------------------------------------1 
I t I From /IU MEXC to /IU D I 6. 5 I 12 • O I ns I 
1--------------------------------------------------------1 
I t I From /WB /OE to /SB D I 5. 5 I 21 . O I ns I 
======~~====~~===========~===~==~======================== 

* Setup time for all signals is lSns 
Hold time for all signals is 3ns. 

8. CAPACITANCE: 
=~~~~====~=~========~================~============================== 

I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITI 
I Min I Max I I 

=============================================================~====~ 

1 CI/0 I Input/Output Capacitance per Slot I I 20 I pF I 
1----------------------------------------------------------------1 
I CLS I Maximum Capacitance Load per System I I 100 I pF I 
==================================================================== 

9. TRUTH TABLE: N/A 

10. FUNCTIONAL TABLE: N/A 

11. OUTLINE DRAWING: N/A 

12. WAVEFORMS: N/A 

DATE: 1/04/89 

AUTHOR: PL 

-----------------------------------------------------------------------
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1. Introduction 
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SPARCstation-I Programmer's Model 

Stephen A. Chessin 

DRAFTS 
Version 8.4, 90/02/11 

This paper describes the programmer's view of SPARCstation-1: address spaces, caching and 
memory managemen~ and interrupt levels. It is a synthesis of infonnation contained in the hardware 
specifications, but organized to be useful to a programmer. 

Where appropriate, comparisons with the ''standard'' Sun4 architecture are made. 

WARNING: This document is a DRAFT and may contain errors. Please report all mistakes to 
the author for correction. 

Major Changes Since Draft 1(Version1.7) 

(1) The page size has changed from SK to 4K. 

(2) The size of a physical address has changed from 29 bits to 28 bits. 

(3) The Sbus has moved from Type 0 space to Type 1 space, and there has been a major reorganization 
of the Type 1 addresses to accommodate this. 

Changes Since Draft 2 (Version 2.4) 

(4) Minar typographical and editorial changes. 

(5) Better explanations. 

Changes Since Draft 3 (Version 3.7) 

(6) The Interrupt Register is used to clear level 15 interrupts. 

(7) All Sbus devices are now described using relative offsets. 

(8) More bits are used in the A~ Input/Output Register. (Which nsed to be the Auxiliary Output 
Register.) 

Changes Since Draft 4 (Version 4.7) 

(9) The interrupt levels have been changed slightly. All Sbus devices, including the builtin ones, inter-
rupt on Sbus IRQ levels only. 

(10) The Auxiliary Input/Output Register has changed slightly. 

(11) The definition of the OMA Write bit was backwanU. 

(12) The video subsystem is off the board, again. 

Changes Since Draft 5 (Version 5.6) 

Better explanations and addition of more examples. 

Changes Since Drart 6 (Version 6.1) 

(1) Added warnings that this is still a DRAFT document and may not be completely accurate. 

(2) Described the bugs in various levels of hardware: 

Synchronous parity errors cause asynchronous traps (fixed in Pl.7) 
SER records asynchronous errors (won't be fixed) 
ASER and ASEV AR latch on synchronous memory errors (won't be fixed) 
On cache fill errors, SEV AR may not have exact address of problem (won't be fixed) 

Sun Confidential SPARCstation-I Programmer's Model DRAFI' 
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ASER sometimes isn't set on asynchronous errors (won't be fixed) 
ASEV AR isn't properly sign-extended on DVMA errors (won't be fixed) 

(3) Audio/ISON replaces Audio DAC. 

(4) Level 8 interrupts can be masked. 

(5) Video goes into slot 3. 

(6) Sbus ffiQ6 and IRQ7 now map to SPARC level 8 and 9, instead of 9 and 13, respectively. 

(7) Miscellaneous corrections. 

Changes Since Draft 7 (Version 7.15) 

(8) Changed name to SPARCstation 1 

(9) Added section describing how to handle simultaneous errors. 

2. Address Spaces 

DRAFT 

The SPARC A.rchitecnrre defines the existence of at least 4 address spaces. A given implementation 
may define more than 4 address spaces. Selection of a particular address space is done via the Address 
Space Indicator (ASI) field of the load and store alternate address space instructions. Ordinary load and 
store insttuctions automatically go to User or Supervisor Data space, depending upon the mode of the CPU. 
Instruction fetches by the CPU automatically go to User or Supervisor Instruction space, again depending 
upon the mode of the CPU. 

The following table describes the address spar.es defined by the Sun4 Architecture and the 
SP ARCstation-1 implementation. 

ASI Sun4 Use SPARCstation-I Use Comments 
OxO Reserved Reserved 
Oxl Reserved Reserved 
Ox2 System Space Same Note 1 
Ox3 Segment Map Same 
Ox4 Page Map Same 
OxS Block Copy Reserved Note2 
Ox6 Region Map Reserved Note2 
Ox7 Flush Cache (Region) Reserved Note2 
Ox8 User Instruction Same 
Ox9 Supervisor Instruction Same 
OxA User Data Same 
OxB supervisor Data Same 
OxC Flush Cache (Segment) Same 
OxD Flush Cache (Page) Same 
OxE Flush Cache (Context) Same 
OxF Flush Cache (User) Reserved Note3 
Ox IO Flush I-Cache (Segment) Reserved Note2 
Oxll Flush I-Cache {Page) Reserved Note2 
Ox12 Flush I-Cache (Context) Reserved Note2 
Ox13 Flush I-Cache (User) Reserved Note2 
Ox14 Flush D-Cacbe (Segment) Reserved Note2 
Ox15 Flush D-Cache (Page) Reserved Note2 
Ox16 Flush D-Cache (Context) Reserved Note2 
Oxl7 Flush D-Cache (UStt) Reserved Note2 
OxlB Flush I-Cache (Region) Reserved Note2 
OxlF Flush D-Cache (Region) Reserved Note2 

Note 1. See System Space table (next section) 
Note 2. SPARCstation-I has no corresponding function. 
Note 3. This is a change in the specification between Sunrise and Sunray. 
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User and Supervisor Insttuction and Data spaces are collectively known as ''Device Space''. All 
accesses to Device Space go through the Memory Mangement Unit (NIMU). All the other address spaces 
are collectively known as ''Control Space''. The non-System Space portions of Control Space all deal 
with Cache and ~ managemen~ and are discussed in the section on ''Contexts, Caching, and the 
:MMU''. System Space is discusse.d in the next section. 

3. System Space (ASI = 2) 

System Space is a ponion of control space that·is used to access various devices, as the following 
table indicates: 

A31:28 Sun4 Use SP ARCstation-1 Use Comments 
OxO ID Prom Reserved Note 1 
Oxl Reserved Reserved 
Ox2 Reserved Reserved 
Ox3 Context Register Same 
Ox4 System Enable Register Same 
Ox5 Reserved Reserved 
Ox6 Bus Error Register Bus Enor Registers Notes 
Ox7 Diagnostic Register Unused Note2 
Ox8 (D-)Cache Tags Cache Tags 
Ox9 (D-)Cache Data Same Note3 
OxA I-Cache Tags Reserved Note4 
OxB I-Cache Data Reserved Note4 
OxC Reserved Reserved 
OxD Resezved Reserved 
OxE VME Intezrupt Vector Reserved Note4 
OxF Serial Port Same ~bypa~~ 

Note 1. SPARCstation-I does not have an ID Prom and a timeout will occur. 
Note 2. SPARCstation-I has no diagnostic register but a write to this address will just be ignored and not 
cause a timeout 
Note 3. This is a change in the specification between Sunrise and Sunray. 
Note 4. SPARCstation-I has no corresponding function. 
Note S. SPARCstation-I has four Bus Error Registers, compared to Sun4's one. 

The Context Register, Cache Tags, and Cache Data are described in the section on ··contexts, Cach­
ing, and the~··. The rest of the registers in System Space are described below. 

3.1. System Enable Regmer 

The System Enable Register is referenced via byte loads and stores at location (ASI=Ox2, 
A31:28=0x4). It has the following fonnat: 

N 

s 
c 
R 

D 

7 6 s 4 3 2 1 0 
v----~------~---v 
INIOISICIOIRIOIDI 
-- - ------ - -- - --

ENA_NOTBOOT 

-
ENA_SDVMA 
ENA_ CACHE 
-
ENA_ RESET 
-
ENA_DIAG 

0 = all supervisor refe1ences go to EPROM 
1 = nonnal MMU operation 
Reserved (Enables 1/0 Cache in Sun4) 
1 = all DVMA is enabled 
1 = Cache enabled 
Reserved (Enables video display in Sun4) 
1 =Reset the System (asserts SBRESEl) 
Reserved (Resets VMEbus in Sun4) 
Always 0 (Diagnostic/Monitor in Sun4) 
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All bits are initialized to zero by a reseL Setting ENA_RESET to one will cause a reset, and control 
will not be returned to the program that does so; rather, a reboot will occur. Software (or the boot PROM) 
should set ENA_NOTBOOT to one after initiaJizing the MMU. 

3·.2. Bus Error Registers 

There are four registers, divided into two sets of two, used to indicate the type and location of bus 
errors. One set is for synchronous errors, and the other for asynchronous errors. Synchronous errors are 

· those that occur due to the execution of the current instruction and are reponed to the CPU by a trap at the . · . .. ~. 
end of that insttuction' s execution. All errors that cannot be associated with the execution of the current 
instruction, but are related to such things as DVMA activity, buffered writes, or cache write-back1, are con- - · -· ·--­
sidered asynchronous and are reported via an interrupt on level 1 S. After servicing the level 15 interrupt, it 
is cleared by toggling bit 0 of the Interrupt Register. 

There is an exception to the above rule. On machines prior to the Pl.7 level, parity e1r01s that occur 
(or any condition that causes SE_ME~RR, described below, to be set) during CPU memory accesses 
cause the reporting of both a synchronous and asynchronous error. For parity errors that occur during data 
fetches, the data-access trap occurs first and the level 15 interrupt remains pending. Software may clear the 
level 15 interrupt while processing the data-access ttap. For parity errors that occur during instruction 
fetches, the level 15 interrupt occurs first and the text-ace~ trap never occurs. Software can distinguish 
true asynchronous errors from insttuction fetch errors by maintaining an invalid value in the SEV AR and 
comparing the SEV AR to the ASEV AR on asynchronous CITOrs. If they compare equal, then this is an 
instruction-fetch error, otherwise it is a true asynchronous error. Software must remember to reload the 
SEV AR with the invalid value after processing all synchronous (including instruction-fetch) errors. 

On Pl.7 and later boards, memory errors during CPU memory accesses only cause the reponing of a 
synchronous error; a level 15 interrupt does not occur. (The asynchronous registers still latch on synchro­
nous memory errors, however, and must be cleared; see the descriptions of the ASER and ASEV AR, 
below.) 

The Bus Error Registers are all fullword in me, although they can be accessed via byte, halfwor<L or 
fullword loads and stores, just as memory is. They reside at the following addresses in ASl=2 space: 

Ad~ ~~on 
Ox600CXXXX> Synchronous Error Register 
Ox60000004 Synchronous Error Vinual Address Register 
Ox60000008 Asynchronous Error Register 
Ox6000000C Asynchronous Error Virtual Address Register 

Although in nor1nal use the registers can be treated as read-only, they can be written for diagnostic 
purposes. 

3.2.1. Synchronous Error Register 

The Synchronous Error Register (SER) occupies fom b~ at locations (ASI=Ox2, A31:28=0x6, 
A3:0=0x0 to Ox3). Reading any portion of the registez also clears that portion. It has the following format: 

31 23 15 7 6 s 4 3 2 1 0 
v-------~-------v--~--~----~----v v --------- ~ - -- ~ - ----. ~ ---------v 
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OIRIO 0 0 0 0 0 OIIIPITIBIMIOISIWI 

A A A 

•••••---------- -----·--------- A A - - ~ ---- . ---~ --- - ~ ----- - -- --- - -
R SE_WRITE 
I SE_INV ALID 
P SE_PROTERR 
T SE_TIMEOUT 
B SE_SBERR 

1 = Error during write cycle, 0 = read cycle 
1 = Valid bit was zero in a page map entry 
1 =Protection error (see below) 
1 = Non-existent device was a~ 
1 = bus er1or during Sbus master access 

1 SPARCstatioo-1 does not have a wrile-back cache, but if il did it could cause asynchronous errors. 
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SE :MEMERR -
SE_SIZERR 
SE_ WATCHDOG 

SPARCstation-I Programmer's Model 

1 = Memory (parity or ECC) error 
1 = Incorrect size transfer attempted 
1 = Restart due to IU error 

DRAFr 

The SER records all errors since it was last cleared. This includes asynchronous errors as well; 
the SER must be read to clear it as part of asynchronous error proc~ing. 1be SE_ WRITE bit 
records the type of access (read or write) of the last error. 

A protection error can be caused by an attempted write to a read-only page, or by a user-mode access .· .. · -
to a supervisor-only page. 

A timeout is reported on access to a non-existent device, except for accesses to non-existent physical 
memory. See the section ~'Type 0 Space,'' below. 

'The Memory Error Register must be impected when a memory ei1or occurs, to further isolate the 
cause of the ei1or. Note that synchronous memory errors also cause the Asynchronous Error Register and 
Asynchronous Error Virtual Address Register to be latched; see the description of these registers below for 
more inf01 n1ation. 

Not all bus errors cause immediate ttaps. Due to pipelining, the CPU fetches instructions four cycles 
before they will be executed~ so it is possible that the CPU will attempt to fetch an instruction that will not, 
in fact, be executed. To prevent spurious ttapS, the CPU does not trap on memory exceptions until it actu­
ally nee.ds to execute the instruction that it was unable to fetch. 

For example, suppose we have the following instruction sequence in vinual memory, where a, b, c, 
etc. represent miscellaneous instructions: 

a 
b 
bz,a 
d 

label 

-- page boundary 
e <-this page is marked invalid 
f 
g 
-
label: 
x 
y 
z 

page boundary 
<--this page is valid 

These instructions will advance through the pipeline as follows: 

T'une 1 2 3 4 5 
Fetch d - x y z 
Decode bz d - x y 
Execute b bz d - x 
Write a b bz d -

At time (2), the CPU wants to fetch e but the page is marked invalid, so the invalid bit is set in the SER and 
the instruction addre§ is set in the SEV AR. However, the branch (if taken) means that e is never n~ 
so that it would be incorrect for the CPU to trap on a page fault due to the attempt to fetch e. 

Now let's examine the following sequence: 

a 
b 
st something to a read-only page 
d 
--- page boundary 
e <-this page is marked invalid 
f 
g 

DRAFr Version 8.4, 90/02111 Pages 
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The pipeline now looks as fallows: 

Time 1 2 3 4 5 
Fetch d - x y 
I>ecode st d x 
Execute b st d -
Write a b st 

The attempt to fetch e from an invalid page at time (2) will tum on the SE_INV ALID bit in the SER, but ···-­
the CPU will not take an insttuction access exception until it actually needs to execute e, at time (5). The 
store to a read-only page at time (3), however, does result in an immediate data access exception, and the 
CPU will find both the SE_INV ALID bit and the SE_PROTERR bit on in the SER. (The exception results · -
in a flush of the pipe, and instruction d never does get to the Write stage in step (4)). 

A similar scenario, where the store is replaced by a branch (in user mode) to a supervisor-only page, 
can result in multiple bits being on for instruction access exceptions. 

It is up to the software to detennine the true cause of the exception when multiple bits are on in the 
SER Here is one algorithm: 

DRAFI' 

SEV AR = getsevarQ; 
SER = SERsave = getserQ; 
SER &= -csE_ WRITE I SE_ WATCHDOG); 
if (data access exception) 

e1ror_addr = SEV AR; 
else if (instruction access exception) 

error_addr =old PC; 
else 

/*CAN'T HAPPEN*/; 

if (SER & (SER - 1)) ( 

) 

/* 

r multiple bits on; must manually probe the PME */ 
pme = getpme(ezror_addr); 
if (pme valid) { 

if ((SER & SE_PROTERR) && (pme denies access)) { 
SER= SE_PROTERR: 

} else 

} else 
SER &= -csE_PROTERRISE_INV ALID); 

SER= SE INVALID· - ' 

• Note: we could still have other multiple bits on (TIMEOur 
* :MEMERR SIZERR., SBERR), but we probably won't reco~er from 
* this condition anyway, so it really doesn't matter • 
• 
•But if you re-illy ,~va.'lted to, know you'd do something like 
•this: ., 
r ~ore than one of TIMEOur, SBERR, MEMERR, or SIZERR */ 
(void) getser(); /*make sure it's clear*/ 
if ( on_faultO) 

newSER = getserQ; 
else ( 

register int x; 

newSER =0; 
x = *error_addr; /*probe the address to see what happens•/ 
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} 
no_faultQ: 
/* use newSER to figure out what the problem was, if any */ 

3.2.2. Synchronous Error Virtual Address Register 

The Synchronous Error Virtual Address Register (SEV AR) occupies four bytes at locations 
(ASI=Ox2, A31:28=0x6, A3:0=0x.4 to Ox7). It contains the virtual address associated with the last synchro­
nous bus error. It is not latched. 

Note that on errors resulting from cache-fill operations, the SEV AR will contain the addre~ 
that the CPU presented to the cache chip that triggered the cache-fill operation. This may or may 
not be the address of the word that actually caused the error. 

The SEV AR has the following fonnat: 

31 0 
v-~-------------v----------·----v----~----------v-------------~-v 
I Virtual Address (A31:0) 

A ... A A A -- ~ ---- - - - - - - -- ---- - - - ---- -- - - - - --- - - - ----- -- -- --- - - - ---- ---
3.2.3. ·Asynchronous Error Register 

The Asynchronous Error Register (ASER) occupies four bytes at locations (ASI=Ox2, A31:28=0x6, 
A3:0=0x8 to OxB). Reading any portion of the register also clears that portion. It has the following fonnat: 

31 23 15 7 5 4 0 
v---------------v---------------v---------------v---------------v 
I undefined IWIOITIDIO 0 0 01 
.. A A II> A 

-----------~--- --------------- ---~----------- ---------------
W ASE_ WBACKERR 
T ASE_TIMEOUT 
D ASE_DVMAERR 

1 =Valid bit was zero in a page map entry 
1 =Non-existent device was a~ 
1 = bus error during DVMA acce& 

The ASER latches (freezes) with the cause of an asynchronous error, ignoring subsequent asynchro­
nous enors, until read and cleared. It n also latched when a synchronous memory error 
(SE_MEMERR) occurs, and should be read to unlatch it as part or SE_MEMERR procesmig. Note 
that bits in the SER are set when bits in the ASER are set; thus the SER should be read to clear it as 
part or asynchronous error processing. 

A write-back error can occur on systems with write-back caches. and/or on systems that do buffered 
writes. when either the hardware malfunctions or the MMU mapping is changed without properly fb1shing 
the cache. In additi~ cenain devices (for example, frame buffers) will generate write-back e1101s under 
device-specific conditions when a store is attempted to them. 

A timeout is reported on access to a non-existent device, except that acceaes to non-existent physi­
cal memory may produce detectable behavior other than timeouts. (See the section ''Type 0 Space;• 
below.) For SPARCstation-I, this can only happen if the MMU is set up to map a non-existent device or if 
the hardware malfunctions. 

The specific cause of a DMV A bus error must be detennined by polling the possible sources to see · 
which indicated the em>r. All pomble sources of DVMA errors of this type must be recognizable in some 
way. For SPARCstation-I, the only possible source of DVMA bus enors is memory parity e11ors. These 
can be determined by examining the Memory Error Registez, described below. 

Due to a bug in the cache chip, the ASER is not always set when an asynchronous error occurs. 
In this event, the ASER can be reconstructed from the bits in the SER. SE MEMERR should be on 
in the SER. In addition, SE_TIMEOUT indicates that ASE_Tll\fEOlIT should have been reported, 
and SE_SBERR indicates that ASE_ WBACKERR should have been reported. The address in the 
ASEVER is correct even when the ASER is not set. This bug is in all versions or the hardware, 
including Pl. 7's, and is not expected to be fixed. 
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3.2.4. Asynchronous Error Virtual Address Register 

The Asynchronous Error Virtual Address Register (ASEV AR) ~upies four byt~ at tcx:ations 
(ASI=Ox2, A31:28--0X6, A3:0=0xC to OxF). It contains the (pseudo) virtual address associated with the 
asynchronous bus error described in the ASER. It is latched under the same conditions that the ASER is 
latched. It is unlatched when it is rea~ not when the ASER is read. Thus, the ASEV AR should be read to 
unlatch it as part of SE_:ME:MERR processing. 

The ASEV AR has the following fonnat: 

31 29 0 

V V -- ---v---------------v---------------·v -- - . -- - ------ ~ - -- - - -- - ~ - ~ 

Pseudo Virtual Address (A29:0) 
A A A A A --- ~ -. -- - -- - - -- ~ - - ~ - ~ - ~ . . -- ~ - - ----- - -- -- - --- - -- - - -- - - - - - - -- -
IS SI 

S Bits 31:30 are copies of bit 29. 
The address is called a "pseudo-virtual'' address because the hardware only carries the low-order 30 bits 
of the virtual address onto the bus, and assumes that bits 31:29 are all the same. The ASEV AR reverses 
this process by copying bit 29 into bits 31 and 30 on asynchronous errors reponed by the IU. Due to a bug 
in the cache chip, bits 31 and 30 are zero on DBMA asynchronous errors (ASE_DVMAERR is on). 
Software must do the sign extension itself. 

Detennining the context register value associated with an asynchronous ex1or is usually straightfor­
ward; there is only one tricky case. 

Since DVMA is always done using context 0, the address associated with a DVMA error will always 
be context 0. 

Non-DVMA asynchronous errors are due to buffer chip activity. The buffer chip allows only one 
outstanding store; a subsequent store will stall the CPU in the middle of execution of the second store until 
the outsanding store completes. If it completes with an asynchronous error, the error will be reported to the ·- · 
CPU immediately after execution of the second store instruction finishes. (Ibis is not necessarily comple­
tion of the second store itself, as it may itself be buffered. nus is just completion of the store instruction 
from the CPIJ7 5 point of view.) Unless the second store is a write to the context register, the address of the 
asynchronous error will be associated with the value in the context register (the current context). 

If the second store does modify the context register, then the address of the asynchronous e11or is 
aswciated with the previous context, .. which must be detennined by software. (If. for example, the first 
store was to a supervisor-only page, then the actual context is irrelevant as supervisor-only pages are 
mapped into all contex~.) 

One can construct pathological c.ases where it would be impossible to determine that an asynchro­
nous error is associare.d with the previous context (for example, a store to a user page, followed by a 
branch, with the store to the context registec in the delay slot of the branch). It is up to software to avoid 
these pathologies. 

3.2.S. Simultaneous errors 

It is possible for both a synchronous and an asynchronous ei1or to be reported simultaneously. Con­
sider the foil owing case: 

st %g07 [%10]! this ad~ causes an asynchronous timeout 
st %g0, [%11]! this ad~ causes a page fault 

Depending upon the alignment of the instructions in the cache. it is possible for the ru to take the page 
fault trap (a synchronous error) first, and while it is disable.d for traps but before the SER has been read, the 
asynchronous fault can be reponed. This will tum on the MEMERR bit in the SER. which can lead 
softw~ to believe that_ this is a sync~nous memory error. Since the MEMERR is really asynchronous, 
there will be a level 15 interrupt pending. If software treats this error as synchronous, and diligently reads 
the SER, SEV AR, ASfR:, and ASEV AR to clear and/or unlatch them, then when traps are eventually 

- enabled and the level 15 mterrupt occurs software will discover that there is no information in either the 
ASER or the SER penaining to the asynchronous interrupt 
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Software can avoid this difficulty by comparing the ASEV AR to the SEV AR whenever :MEMERR is 
set on a synchronous trap. If they are identical, then this is a ttue synchronous MEMERR. If they are dif­
ferent, then the :ME?vlERR is associated with the asynchronous trap. Software should clear the pending 
level 15 interrupt and process the asynchronous error, using the ASER and ASEV AR values, and being 
cognizant of the bugs in asynchronous error reponing described previously. The synchronous error can be 
ignored, for it will recur if and when execution of the program is resumed. 

3.2.6. Serial Port 

The serial pon is referenced by byte loads and stores at locations beginning at (ASl=Ox2, 
A=OxFOOOOOCX>). This ac~ is provided so that the serial pon may be used before the MMU has been ini­
tialized, for example by the PROM monitor. Software nonnally accesses the serial port via 1/0 space 
through the MMU. 

See the section ''Serial Ports'' under ''Type 1 Space'', below, for more infonnation on the serial 
port registers. 

4. Physical Space 

The MMU maps virtual addresses in Device Space to physical addresses in Physical Space. Physical 
space is further subdivided into four types, as indicated in the following table. 

Type Sun4 Use SPARCstation-1 Use Comments 
0 Main Memory Same 
1 I/O Space Same 
2 VMEbus, 16-bit data Unused Note 1 
3 VMEbus, 32-bit data Unused Note 1 

Note 1. In SPARCstation-I, references to type 2 or 3 space cause a timeouL 

The size of a physical address is 28 bits. 

4.1. Type 0 Space 

Type 0 space contains the main memory (RAM) in SPARCstation-I. Since PA27:0 are use.d for 
RAM device decoding, the Sbus can support a theoretical maximwn of 256 Mbytes of RAM. However, 
the SPARCstation-I implementation only supports a maximum of 64 Mbytes. In addition, individual 
SP ARCstation-1 machines can be configured with as little as 4 Mbytes of memory. To explain what hap­
pens when non-existent RAM is addressed, the implementation must be explained and some terms defined. 

1be SP ARCstation-1 memory subsystem contains two RAM conttollers. Each RAM controller con­
trols a ''bank'' of 32 Mbytes of address space. Each bank is made up of two ''sets'' spanning 16 Mbytes 
each. Each set contains four SIM:Ms (Single Inline Memory Modules) each. Each SIMM consists of 9 
chips. Each chip is either a 1 Mbit or a 4 Mbit DRAM. All the chips in a SIMM are of the same type, and 
all the SIMMs in a set must be of the same type. A set of 1 Mbit DRAMs contains 4 MbyteS of memory, 
and a set of 4 Mbit DRAMs contains 16 Mbytes of memory. The SIMMs in one set can be of a different 
type than the SIMMs in another se~ even in the same bank. 

The RAM conttollers require PA27 to be i-ero. If PA27=1, then no controller responds and a bus 
timeout occurs. 

PA26:2S selecu the apptopriate RAM controller. One controller responds to OxO, the other responm 
to Oxl. If PA26:25=2 or 3, then no controllez responds and a bus timeout occurs. 

PA24 selects one of the two sets of SIMMs controlled by a controller. If the selected set is not 
installed (a hole), then on writes the data is thrown away and on reads the bus lines remain high (subject to 
noise) and a characteristic bit pattern (nonnally all ones) is returned. Software can detect a hole by doing a 
store to followed by a load from a byte on 16 Mbyte bowidary. If the data read does not agiee with the 
data written, then a hole exists. If they agree, the same test with a different bit pattern should be used 
before concluding that real memory exists. (Note that parity checking should be disabled when doing these 
checks, as parity e11ors will be reponed if the noise pattern contains bad parity and parity checking is 
enabled.) 
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If the selected set consists of 4 ?&it DRAMs, then all 16 Mbytes of address space spanned by that 
set are valid and correspond to unique memory locations. If the selected set consists of 1 Mbit DRAMs, 
then only 4 Mbytes of unique memory exist. but it appears four times in the 16 Mbytes of address space 
spanned by the set, repeating at every 4 Mbyte boundary. This ''mirror'' behavior can be detected by 

· software by doing a store of one bit pattern to offset 0 of a set, followed by a store of another bit pattern to 
offset 4 Meg (Ox00400000) of the ~ followed by a load from offset 0. If the data at offset 0 was changed 
by the store to offset 4 Meg, then only 4 Mbytes of memory is present and the rest is filled with mirrors .. · 

11-.e following decision table summarizes this behavior. 

PA27 PA26 SIMM: Set PA23:22 Action 
1 - - - Timeout 
0 1 - - Timeout 
0 0 none - Hole 
0 0 4Mbit - Memory (16 Mbytes wonh) 

0 0 I Mbit ()() Memory (4 :Mbytes wonh) 
01 

0 0 1 Mbit 10 Mirror 
11 

4.2. Type 1 Space 
Type 1 space contains all of the UO devices, including those that are associated with the Sbus. Bit 

PA27 is 11~ to indicate an onboard device (PA27=0) or an Sbus device (PA27=1). For onboard devices, 
PA26:24 (and in some cases PA26:20) determine the particular device. For Sbus devices, PA26:25 select 
one of four Sbus slots. The (physical or logical) board plugged into the Sbus slot then has an address space 
of 25 bits, or 32 Mbytes, to divide up as it sees fit Sbus addressing is further described in the Section 
''Sbus Devices'', below. For compatibility with the Sun4 architecture conventions, the non-existent bits 
(P A3 l :28) are assumed to be all ones. The following table describes the layout of Type 1 space: 

Address SPARCstation-I Use Comments 
OxFOOOOOOO Keyboard/Mouse Note 1 
OxFIOOOOOO Serial Ports Note 1 
OxF2000000 TOD Clock and NVRAM Note 2 
OxF3000000 Countez-Timer Registers Note 3 
OxF4000000 Memory Error Registers Note 1 
OxFSOOOOOO Interrupt Register Note 1 
OxF(,()()()()()() EPROM Note 3 
OxF7000000 EPD "Private": Note 4 
OxF7100000 ECC registers (HPD only) 
OxF7200000 Floppy Controller 
OxF7201000 Audio/ISON 
OxF7400003 Auxiliary Input/Output Register 
OxF7FOOOOO VME Conttol Register (SunFed only) 
OxF8000000 Sbus Slot 0 (25 bits) Note 4 
OxF9000000 " ft 

OxFAOOOOOO Sbus Slot 1 (25 bits) Note4 
OxFBOOOOOO " " 
OxFCOOOOOO Sbus Slot 2 (25 bits) Note 4 
OxFDOOOOOO " ft 

OxFEOOOOOO Sbus Slot 3 (25 bits) Note 4 
OxFFOCX>OOO " " 

Note 1. Same as Sun4 use. 
Note 2. Sun4 has a different ~d of TOD at this address. It also has an EEPROM at a different address. 
Note 3. Sun4 has same funcnon, but at a different addre~. 
Note 4. Sun4 has no corresponding function. 
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Reference to a Type 1 address to which no device responds results in a timeout. 

4.2.1. Onboard Devices 

4.2.1.1. Keyboard/Mouse 

The keyboard/mouse UART is a Z8530 chip (Zilog or AMD equivalent) accessed via byte loads and 
stores at the following addresses: 

Address 
OxFOOOOOOO 
OxF0000002 
OxF0000004 
OxF0000006 

Description 
Mouse Control Port 
Mouse Transmit (W)/Receive (R) Data Pon 
Keyboard Control Pon 
Keyboard Transmit (W)/Receive (R) Data Pon 

The Z8530 contains an array of read registers and write registers, accessed through the conttol pon. 
Access to a register is done by writing the register index to the control pon, and then reading or writing the 
register data to the control port. In addition, the UART transmit and receive data registers may be directly 
accessed by writing and reading, respectively, from the Transmit/Receive Data Port. 

See the Z8530 data sheet for more information. 

4.2.1.2. Serial Ports 

The serial ports UART is also a Z8530 chip, identical to the one used for the keyboard/mouse. It is 
addressed as fallows: 

Address 
OxFlOOOOOO 
OxF1000002 
OxF1000004 
OxF1000006 

~_p_tion 

Serial Port B Control Port 
Serial Port B Transmit (W)/R.eceive (R) Data Port 
Serial Pon. A Conttol Port 
Serial Port A Transmit (W)/Receive (R) Data Port 

4.2.1.3. TOD Clock and NVRAM (EEPROM) 

The T101e of Day Clock is a Mostek MK48Tl2-15 2'.eropower{fimekeeper RAM which includes 2K 
of RAM, the topmost 8 byteS of which are the clock. The Timekeeper contains its own battery backup, 
which bas a worst-case storage life (oscillator off or powel' on) of 11 years at 70°C and a worst case con­
sumption life (oscillator on and power off) of 2.8 years at OOC. Unlike EEPROMs, there is no limitation on 
the number of times the CMOS RAM can be written, nor are special write timings required. 

The Clock/NVRAM is accessed via byte, halfword, or fullword loam and sto~ at the following 
a~: 

Address Description 
OxF2000000 to NVRAM 
0xF20007d7 
0xF20007d8 to ''IDPROM'' 
0xF20007f7 
0xF20007f8 TOD Control 
0xF20007f9 Seconds (00-59) 
0xF20007fa Minutes (00-59) 
0xF20007fb Hour (00-23) 
0xF20007fc Day (01-07) 
0xF20007fd Date (01-31) 
0xF20007fe Month (01-12) 
0xF20007ff Year (00-99) 

Thirty-two bytes of NVR.AM acts as the ID prom'' of SPARCstation-I. The id_machine byte con­
tains Ox51; Ox50 is the architecture code for Sun4C, and Ox51 indicates the SPARCstation-I machine. 
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The TOD Contt0l register should only be written with byte stores to prevent modifying the data to be 
read. 

The time and date infonnation is stored in 24 hour BCD fo1111aL For more infonnation, including the 
protocol to be used to rea~ write, start. and stop the clock, see the MK48Tl2-15 data sheeL 

4.2.1.4. Counter-Timer Registers 

The Counter-Timer Registers are accessed via fullword loads and stores at the following addresses: 

Address Description 
OxF300CXl00 CounterO 
OxF3000004 LimitO 
OxF3000008 Counter 1 
OxF300000C Limit 1 

All registers have the following fonnat: 

31 9 0 
v------·--------v-----~~---~----v----~·-·-------v--------~----~-v 
IL I 21-bit value 10 0 0 0 0 0 0 0 0 01 

A A A '°' A ---------- ~ - --- ~ - - - -- - -- - - - -- - --- - ~ -- - ---- -- - - ~ -- -- - - ------ -
L Limit Reached 

Each counter is incremented by one in bit position 10 at one microsecond intervals. When a counter 
reaches the value in its corresponding limit register, it is reset to ''one microsecond," the limit-reached bit 
in both the counter and limit registers is se~ and an interrupt is generated (if enabled) at level 10 for 
Countee 0 and level 14 for Cotmter 1. 

The intenupt is cleared and the limit bits reset by reading the appropriate limit register. Reading the 
counter register does not change the state of the limit bits. Writing the limit register resets the counter 
register to a value equivalent to one microsecond. Except for testing purposes, the counter registers should 
not be written. 

Setting a limit register to zero causes the co~nding counter to freerun. Inte11upts will occm 
when the counter overflows back to zero, approximately every 2 seconds. 

4.2.1.5. Memory Error Registers 

SPARCstation-I uses a single Parity Conttol Register. This is a fullword read/write register at loca­
tion OxF4000000 in Type 1 physical space. The fo1111at of this register is as follows: 

31 23 1 s 7 0 
v--··-------~---v------~--------v--~------------v---~----~·-----v 
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OIEIMITINIAIBICIDJ 
A A A I& ,_ . -- - ---. ~ ~ ~ -. -~ -- - ---. ----- --- --~ - ~ -- -- - . -- -- ------- - ----- --

E Parity Error. Set on any parity error. 
M Multiple Errors. Set when a parity error occurs and E= 1. 
T Parity Test When set, inverse parity is generated. 
N Parity Check. Enables parity checking. 
A Parity Error 24. Records parity error on data bits 31:24. 
B Parity Error 16. Records parity error on data bits 23:16. 
C Parity Error 08. Records parity error on data bits 15:8. 
D Parity Error 00. Records parity error on data bits 7:0. 

The bits that indicate errors (E, M, and A-D) are cleared when the register is read. All bits are cleared on 
reset. 

Note ~ when a parity error occurs, the cache will have loaded itself with the data from memory 
an~ay. ~ means that software must flush the c.ache after parity errors if it is to continue operation. On 
a single panty error (M=O), only the affected cache line (as determined from the old PC~ the SEV AR, or 
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the ASEV AR, as appropriate) need be flushed. On multiple parity errors (M=l), the entire cache must be 
flushed. 

Also note that the address in the SEV AR or ASEV AR, as appropriate, may not be the ad~ of the 
word with the parity error, if the eiror occurred during a cache-fill operation. 

4.2.1.6. Interrupt Register 

The Interrupt Register is a one-byte read/write register at location OxFSOOOOOO in Type .. 1 physical 
space. The format of this register is as fallowed: 

7 0 
v---------------v 
IAIOICIDIEIFIGIHI 

... -- - ---~ ---- - ---
A Enable Level 14 Interrupts 
C Enable Level 10 Interrupts 
D Enable Level 8 Interrupts 
E Software Interrupt Level 6 
F Software Interrupt Level 4 
G Software Interrupt Level 1 
H Enable all Intermp~ · 

Writing a zero to an Enable Level N Interrupt bit only masks out that interrupt, it does not clear the source. 
Writing a one to a software interrupt bit requests an interrupt on that level; the bit must be cleared to clear 
the requesL 

Writing a uro to the Enable All Interrupts bit will clear the Asynchronous Memory Oevel 15) Inter­
rupt, as well m masking all interrupts. Of course, interrupts should be imme4iately re-enabled by writing a·· 
one. 

On reset, all bits are cleared and all intenupts are reset 

4.2.1.7. EPROM 

SPARCstation-I has 128K byteS of EPROM containing the boot monitor beginning at location 
OxF6000000 in Type 1 physical space. lbe EPROM is also referenced by all Supervisor Virtual addresses 
when lhe ENA_NOTBOOT bit in the System Enable Register is zero, for example at boot time. The boot 
code must initialize the MMU to at least map itself before setting the ENA_NOTBOOT bit to one. 

Note that the EPROM does not obey the nonnal memory mapping rules. PA[16:0] into the EPROM 
always come from VA[16:0]. Although VA[29:12] are processed by the MMU to sele,ct a physical 
address, when bm PA[27:24] of that physical address select the EPROM then bits PA[23:12] from the 
MMU are ignored. This means ~ for proper operation of the EPROM, it must be mapped one-for-one to 
contiguous vinual pag~ beginning on a 128K boundary. 

4.2.1.8. Floppy Controller 
• 

The Floppy Disk Conttoller is an Intel 82072. It is accessed using byte loads and stores at the fol­
lowing addresses: 

Adclr~s 

OxF7200000 
OxF7200001 

Description 
Main Status (R)/Data Rate Select Register (W) 
FIFO Data Pon {R/W) 

For more infonnation see the Intel 82072 data sheeL Note that the floppy must be selected as drive 1 
(or 3, but 1 is preferred) in the command sequence sent to the controllez. See also the Terminal Count and 
Floppy Eject bits in the" Auxiliary Input/Output Register" described below. 
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4.2.1.9. Audio/ISDN 

The audio interface of the SPARCstation-I is provided through the Main Audio Processor (MAP) of 
the AMD 79C30A Digital Subscriber Conttoller. The 79C30A is a highly integrated circuit which pro­
vides an ISDN 4-wire subscriber level interface, an audio processing circuit, a parallel microprocessor 

·interface, and a serial interface. For SPARCstation-I Audio use the microprocessor interface and the audio 
p~ing circuits are the only portions of the circuit which are used. 

The interrupt from the 79C30 is attached to IRQ<l3> of the :MM:U (which is interrupt level 13). The···· 
data bus is connected to the IO data bus. The circuit includes an oscillator circuit which uses an externally . 
provided 12.288 MHz crystal with a tolerance of+ or - 80 ppm. The oscillator is a parallel resonant circuiL 

The 79C30 registers are located at a base address of OxF7201CXXJ. The 79C30 is accessed using byte· 
loads and stores at the following addresses: 

Address WR* RD* Register description 
OxF7201000 0 1 Command Register (CR), write only 

1 0 Interrupt Register (IR), read only 
OxF7201001 0 1 Data Register (DR), write 

1 0 Data Register (DR), read 
OxF7201002 1 0 D-channel Status Register 1 (DSRl), read only .1 

OxF7201003 1 0 D-channel Error Register (DER), read only 
OxF7201004 0 I D-channel Transmit Buffer (DCrB). write only (8-byte FIFO) 
OxF7201004 1 0 D-channel Receive Buffer (DCRB), read only (8-byte FIFO) 
OxF7201005 0 1 Bb channel Transmit Buffer (BBTB), write only 
OxF7201005 1 0 Bb channel Receive Buffer (BBRB), read only 
OxF7201006 0 1 Be channel Transmit Buffer (BBTB), write only 
OxF7201006 I 0 Be channel Receive Buffer (BBRB), read only 
OxF7201007 1 0 D-channel Status Register 2 (DSR2), read only 

Note that the other registers in the 79C30. of which there are many. are indirectly accessed through 
the command register. Pages 2-71 through 2-n of the 79C30A Data Sheet d~ribe this indirect address­
ing. 

Pl~se refer to the 79C30A Data Sheet for full details on operation of this circuiL 

4.2.1.10. Aunliary Input/Output Register 

The Auxiliary Input/Output Register is a one-byte, read-write register at location OxF7400003 in 
Type 1 physical space. It has the following format: 

7 6 s 4 3 2 1 0 
v - - • - - - - - - - ~ - - - - v 
II llDICISITIEILI 

A A . . - ~ - --- ~ - -. ~ - ~ 

D In Density 
C In Floppy Diskette Change (must be wriuen as one) 
S Out Floppy Drive Select 
T Out TC (Floppy controller Tea111inal Count input) 
E Out Floppy Eject 
L Out LED (l=on, O=off) 

All bits are set to one on reset. 

Bit S (Density) is a signal from the drive indic.ating the density of the diskette inserted. A 1 indicates 
high_ densi~~ a 0 .in<!!cates ~ow d~ty. This signal is _meaningful only if the floppy drive is capable of 
sensmg the de.ns1ty hole m the diskette. The Sony drives do not generate this signal; for them, software 
must through ~ and error determine the density of the insezted diskette. This can be done by initializing 
the controller with parameters for a given density and attempting to read the diskette; if the wrong parame-·­
~ were chosen !ead errors will occur. Note that the density of an unformatte.d floppy cannot be deter­
mmed through this method; the floppy format software must have a user option to set the density to be 
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used (If the user selects the wrong density, the floppy will be wiusable, but the user will quickly discover 
this mistake.) 

Bit 4 (Floppy Diskette Change) is an input bit that signifies when a diskette has been removed from 
the drive. This bit must always be written u one in order for it to work. It reads as one when the drive is 
selected and there is no diskette in the drive. It reads as zero if the drive is not selected or if a diskette is 
present in the drive. The Sony drives reset the bit when they receive a step pulse from the controller; i.e., 
when the software issues a ''Seek'' command. Other vendor drives require a separate Diskette Change 
Reset signal; a bit will need to be provided for this function in the Auxiliary Input/Output Register if a 
non-Sony drive is used on a SPARCstation. 

Bit 3 (Floppy Drive Select) is connecte-d to the floppy drive select pin. It is used in conjunction with 
all floppy operations, whether through the Floppy Disk Controller registers or lhe bits in the Auxiliary IJO 
Register. A one selects the floppy drive; a zero de-selects it 

Bit 2 {TC) is connected to the Terminal Count input pin of the floppy controller. It is used to signal 
the floppy controller (which is designed to be connected to a DMA controller, even though in 
SP ARCstation-1 it is not) that all the data for a given operation has be.en transferred. This is done by writ­
ing a 1 to this bit, delaying for a specific amount of time, and then writing a 0 to il (The specific amount of 
time depends upon the data rate and can be found in the Intel 82072 data sheeL) 

Bit 1 (Floppy Eject) is connected to the floppy drive eject mechanism. To eject a floppy, set bit 3 
(Floppy Drive Select), wait 2.0 microseconds, set bit l, hold it set for at least 2.0 microseconds, then reset 
both it and bit 3 to zero. 

Bit 0 (LED) conttols the LED on the front panel. 

Unused bit positions should be written with ones when writing to the register. This will allow them 
to be used for input signals if this becomes necessary. 

4.2.2. Sbus Devices 

Unlike previous busses, the Sbus is geographically addressed. PA26:25 select which of four Sbus 
"slots'' is being referenced. A board plugged into an Sbus slot has PA24:0, or 25 bits or 32 Mbytes of 
address space addressability to divide up among the devices contained on that board. A Forth program 
beginning at offset 0 of the slot descnl>es the devices on thal board to the system. The details of the Fonh 
specification are described in Sun Forth Usez's Guide. 

Slot 0 is not a physical sloL Rather, it refers to the onboard DMA, SCSI, and Ethernet conttollers 
which, for convenience, are viewed as being plugged into Slot 0. 

Slo~ l, 2, and 3 are physical slots into which the user may plug boards containing devices. Slo~ 1 
and 2 have DVMA-master capability; slot 3 is a slave-only slot and does not support boards that operate as 
DVMA masters. The board containing the video subsystem (video control registers, RAMDAC, and frame 
buffer) is usually, but need not be, plugged into Slot 3. 

If no device responds to a particular Sbus address, a bus timeout will occur. 

The following table swrunarizes the devices: 

P A26:25 Device 
0 0 Onboard D~ SCSI, and Ethernet conttollers 
0 1 Sbus Slot 1 
1 0 Sbus Slot 2 
1 1 Sbus Slot 3 (usually video subsystem) 

4.2.2.1. DMA, SCSI, and Ethernet Devices 

The following table describes the offsets to the onboard D~ SCSI, and Ethernet devices, relative 
to the beginning of Sbus ''Slot O'' (base physical address OxF8000000 in Type 1 space). 

Offset Description 
OxOOOOOO ID (4 bytes, OxFE810101) 
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Offset 
Ox400000 
Ox800000 
OxCOOOOO 

Description 
DMA Registers 
SCSI Registers 
Ethernet Registers 

4.2.2.1.1. DMA Registers 

DRAFT 

The DMA registers are accessed via fullword loads and stores to the follo~ng offsets (the addresses· -~·· 
in this table do not include the slot base address, which must be added to the devtce offset): -

Address 
Ox400000 
Ox400004 
Ox400008 
Ox40000C 

Description 
OMA ConttoVStatus Register 
OMA Address Register 
DMA Byte Count 
Diagnostic Register 

The DMA registers are used when programming SCSI operations. Other than the ILACC bit in the 
DMA ConttoVStatus Register, they are not used when programming Ethernet operations. 

4.2.2.1.1.1. DMA Control/Status Register 

The DMA ControVStatus Register has the following format: 

31 27 15 12 10 8 6 4 3 1 0 
v-----·---------v---~-~--~~·----v----~----------v-~----~-~------v 
IDEV_ID I unused (read as zero)ILITICIADRIPINIWIRIDIFIIIPCKIEIJI 

,,,. A A • • -- - - ---- - - ~ - -- - - ~ - - - - - -- - ~ - -. - --- - . - -~ - --- - -- ----- ~ --- - - ~ ---
DEV_ID 

DEV _ID. Device ID. Read-only. (OblOOO in this implementation.) 

L L. ILACC. When 0, the Ethemet/DMA interface is configured to use the Lance Ethernet controller. 
When 1, the interface is configured to use ILACC, "the new Ethernet chip from AMDpq (Cliff 
Buckley). 

T TC. Tenninal CounL Read-only. Byte counter has expired. This bit is cleared by setting the Flush 
bit (bit 5). 

C · EN_CNT. Enable CounL Read/write. Enables the DMA Byte Count Register. (Not 11csed in normal 
SP ARCstation-1 operation.) 

ADR BYTE_ADDR. Read-only. Next byte number to be accessed. 

P REQ_PEND. Request pending. Read-only. Set when the DMA interface is active. RESEI' and 
FLUSH must not be asserted ifREQ_PEND is one. 

N EN_DMA. Enable DMA. Read/write. Set to enable DMA activity, reset to disable. 

W . WRITE. Read/write. Set for DMA from device to memory (read), reset for DMA from memory to 
device (write). 

R RESET. Read/write. When set, acts as a hardware reset ERR_PEND, PACK_CNT, INT_EN, 
FLUSH, DRAIN, WRI1E, EN_D~ REQ_PEND, EN_CNT, and TC are all set to zero. RESET 
remains at l, and must be set back to 0 by software to reswne operation. 

D DRAIN. Read/write. Set to force remaining pack register bytes to be drained to memory. Clean 
itself. 

F FLUSH. Write-only. Set to force PACK_CNT and ERR_PEND to zero. Also clears TC and the 
interrupt TC=l causes. Always reads as zero. 

I INT_EN. Interrupt enable. Read/write. Set to enable interrupts. 

PCK PACK_CNT. Pack Count. Read-only. Number of bytes in Pack Register. 

E ERR_PEND. Error Pending. Read-only. Set when a memory exception occurs. Reset by setting 
FLUSH. OMA activity stops until reset 
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J INT_PEND. Interrupt Pending. Read-only. Set when TC=l or when external device raises an inter­
rupt Cleared when read (if TC=l is the cause) or by servicing the external device (if that is the 
caDse). 

4.2.2.1.1.2. DMA Addr~ Register 

The DMA Address Register has the following fonnat: 

31 23 0 
v-~-~-----------v-----~---------v----------~-~--v-~-------------v 
IVA31:24-latchedl VA23:0 - address 

... ,.. ... .. ""' 
--------------- -~---~----·---~ -------·------- -------------~-

The high byte is latched by the hardware and indicates which 16 Mbyte region of Vinual Memory is 
ace~. (The MMU recognizes a DMA vinua1 address and forces Context 0 to be selected.) The low­
order 3 bytes contain the address of the byte to be transferred. Rollover is only through the low-order 24 
bits. 

4.2.2.1.1.3. DMA Byte Count 

The DMA Byte Count Register has the following fonnat: 

31 23 0 
v - • - - - • - - - - - ~ - - - v - ~ ~ - - - - - - ~ - - - - - v - - - - - - - - - ~ - - - - - v - • - - - - - - - - • - - - - v 
10 0 0 0 0 0 0 01 BCNT23:0 - counter I 

A ... A A ""' -------- --- ---- ~ -- -- - ~ ~ ~ -- ~ ~ - - - ~ --- - ~ -- --- --- . -- . --- ~ - - - ~ ---
This register is only used when EN_CNT is on in the DMA Control/Status Register, and so is not 

nsed in normal SPARCstation-I operation. The high byte is unused and will always read back as zero. 
The low order bytes contain the number of byteS to be tramfe~ and counts down to zero. When zero is 
reached, TC, and thus INT_PEND, are set to one. Further DMA transfers cannot take place until a new 
value is loaded into the Byte Count Regiser. 

4.2.2.1.1.4. Diagnostic Register 

The f011oat of the Diagnostic Register is not available. 

4.2.2.1.2. SCSI Registers 

The SCSI registers are ace~ via byte loads and stores to the following offsets (the addresses in 
this table do not include the slot base address, which must be added to the device offset): 

Addr~ Description 
Ox800000 Transfer Count Low 
Ox800004 Transfer Count High 
Ox800008 FIFO Data 
Ox80000C Command 
Ox800010 Status/Bus ID 
Ox800014 Interrupt/Stanis Tlllleout 
Ox800018 Sequential step/Synchronization transfer period 
Ox80001C FIFO ftags/Synchroniz.ation offset 
Ox800020 Configuration 
Ox800024 Clock Conversion Factor {write only) 
Ox800028 ESP TEST (chip test use only) 
Ox80002C ESP Il Configuration-2 

Note that byte a~ must be perfonned even though the addresses are all fullword-aligned. 

Since the SCSI conttoller use.s the DMA conttoller to perfonn the actual ttansfer of data to and from 
memory, the two devices must be programmed together. One possible algorithm is as follows: 

scsi_start() 
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( 

) 

r Stan an operation on the SCSI *I 
lock data pages into contiguous virtual memory; 
DMA_address_register = starting virtual address; 
setup SCSI registers (except for "go"); . 
DMA_control_status_register = (EN_DMA I INT _EN I (other bits)); 
Stan SCSI; 
/*The SCSI will interrupt us when it is done.*/ 

scsi_interrupl() 
( 

/* must drain OMA on a read from disk/write to memory *I 

DRAFT 

if (last operation== READ) { 
DMA_conttol_status_register = (DRAIN); 

) 
) 

For a detailed description of the SCSI registers, see the NCR 53C90 Data SheeL 

4.2.2.1.3. Ethernet Registers 

The Ethernet registers are accessed via halfword loads and stores to the following offsets (the 
a~ in this table do not include the slot base address, which must be added to the device offset): 

Address 
OxCOOOOO 
OxC00002 

Description 
Register Data Pon (RDP) 
Register Address Port (RAP) 

For a detailed description of the Ethernet registers, see the A1vID Am7990 Data Sheel 

4.2.2.2. Video Subsystem 

The following table descri~ the offsets to the devices located on the Video Subsystem Board. This 
board is usually plugged into Sbus ''Slot 3'' (base physical address OxFEOOOOOO in Type 1 space). 

Off set 
OxOOOOOO 
Ox400000 
Ox800000 

Description 
ID (4 byteS, OxFE010101) 
Video and DAC Registers 
Frame Buffer 

4.2.2.2.1. Video and DAC Registers 

The Vide.o and DAC registers are a~ed via byte loads and stores to the following offseU (the 
a~ in this table do not include the slot base address, which· must be added to the device offset): 

Address Descrij!tiOn 
Ox400000 v·ideo Controi Register 
Ox400001 Video Status Register 
Ox400002 HBS (Horizontal Blank Set) 
Ox400003 HBC (Horizontal Blank Clear) 
Ox400004 HSS (Horizontal Sync Set) 
Ox400005 HSCO (Horizontal Sync Clear, !VS) 
Ox400006 HSCl (Horizontal Sync Clear, VS) 
Ox400007 VBSH (Venical Blank Set High Byte) 
Ox400008 VBSL (Vertical Blank Set Low Byte) 
Ox400009 VBC (Vertical Blank Clear) 
Ox40000A VSS (Vertical Sync Start) 
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Ad~ 

Ox4CX>OOB 
Ox400010 
Ox400014 
Ox400018 
Ox40001C 

Description 
VSC (Vertical Sync Clear) 
DAC Ad~ Register 
DAC Color Palette Register Port 
DAC Control Register Pon 
DAC Overlay Palette Register Port 

DRAFT 

See the S-4 Video data sheet for a detailed description of the Video Registers, and the Brooktree 
B t458/45 l data sheet for a detailed description of the DAC Registers. Note that setting incorrect values 
into the registers can damage the attached monitor. 

Note that the DAC registers are 8-bits wide even though they are aligned on fullword boundaries. 
Fullword access~ can be used to quickly read or write one or more palette entri~, by storing the index of 
the first palette to be accessed in the address register and then doing fullword accesses to the appropriate 
palette port. The data must be packed into bytes in the order ''RGBRGBRGBRGB''; in other words, 3 
fullwords will hold 4 palette entries. Palette entries are only stored when lhe Blue value is written; panial 
update of a palette is not possible. 

4.2.2.2.2. Frame Burrer 

The frame buffer is a megabyte of RAM occupying offsets from Ox800000 to Ox8FFFFF. Each byte 
Corre&lJOllds to one pixel. Accesses may be by b~ by halfwords, or by fullwords. 

H the frame buffer is only half-populated, then only the lower four bits of each byte will be 
significanL As the upper four bits will be (weakly) pulled up with resistors, only the upper 16 color map 
entties (entries 240 through 255) in the DAC will be usable. Software can detect this case by writing, then 
reading, the frame buffer. If the upper fom bits always read back as ones, independent of the data written, 
then the frame buffer is half-populated. Cfhis is grody - Ed.) 

5. Interrupt Levels 

The following table describes the interrupt levels defined by the Sun4 Architecture and the 
SP ARCstation-1 implementation. 

Level Sun4 Use SPARCstation-I Use 
15 Memory Error Asynchronous Memory Error 
14 Oock Counter 1 
13 VMEbus level 7 Audio 
12 Keyboard, Mouse, Serial Ports Same 
11 VMEbus level 6 Floppy 
10 Clock CounterO 
9 VMEbus level 5 Sbus1RQ7 
8 Video SbuslRQ6 
7 VMEbus level 4 Video, Sbus IR.QS 
6 Ethernet, Software request 6 Software request 6 
5 VMEbus level 3 Ethem~ Sbus IRQ4 
4 SCSI, Software request 4 Software request 4 
3 VMEbus level 2 SCSI, D~ Sbus IRQ3 
2 VMEbus level I SbusIRQ2 
1 Software ~uest 1 Same, _p_lus Sbus IRQ 1 

I 

6. Resets 

Although there is only one type of reset in SPARCstation-I (a reset of the entire machine that causes 
system registers to be restored to a known state), there are three ways to effect a reset: 

(1) Power-on. A power-on reset (POR) occurs when power is initially applied to SPARCstation-I. 

(2) Watchdog. A watchdog reset occurs when the IU signals an error condition. This can occur, for 
example, if the IU attempts to take a ttap when traps are disabled. 
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(3) Software. Software can initiate a reset by writing a one to the ENA_RESET bit of the System 
Enable Register. 
The SE_ WATCHDOG bit in the Synchronous Error Register is set to one on watchdog-initiated 

resets, and set to zero for all other resets. 

7. Contexts, Caching, and the MMU 
This section describes the interaction of the context register, the e-ache, and- the MMU from the 

programmers perspective. 

7.1. Context Register (ASI=2, A=Ox30000000, byte access only) 

1be Context Register has the foil owing f onnat: 

7 3 0 
v----------------v 
10 0 0 01 CID I 
-- - - - .. --. - - - ~ - -

Note that although the CID is four bits wide, only the low-order 3 bits (CID2:0) are acbJa11y used. CID3 is 
ignored. 

The context register selec~ one of 8 contexts for translating User Mode addresses. It exists in both 
the Cache and the MMU. 

Programming note: A byte store (STBA) into (ASl=2, A31:28--0X3) writes both the MMU and 
Cache Context Registers. A byte load (LDUBA, LDSBA) from (ASl=2, A31:28=0x3, AO=O) ream the 
:M:MU's Context Register, and a byte load from (ASl=2, A31:28--ox3, AO=l) reads the Cache's Context 
Register. 1be ability to read each register separately is provided for diagnostic purposes; they should 
always contain the same value and standard software will usually jmt read the MMU's Context Register. 

7.2. MMU decoding of Virtual Addresses 

From the MMU's standpoint, a virtual address has the following fonnat: 

31 29 1 7 11 0 
v ~ ~ - - - ~ - - - - - - - - - v - - - - - - - - - - - • - - - v - - - - - - - - - ~ - - - - - v - - - - - - - - - ~ ~ ~ ~ - - v 
I 
I 
I 

I 
I 
I 

segment (12 bits) 
page in I I 
segment lbyte in page (12 bits) I 
(6 bits) I I 

A A A ... A - - - - - - ------ - ~ - -- - - - - - . - ~ -- -- - -- - - - - ---- ----- ~ ---- -- --- -- ---
Note: V A31:29 must all be the same (all 0 or all 1). An SE_INV AI.ID error results otherwise. 

CID2:0 is concatenated with V A29:18 to select one of 32K segment map entrie& (One can view the 
segment map as consisting of 8 contexts, each context containing 4K segments.) The segment map entry is 
8 bits wide, although only the lower 7 bits are used. and points to a Page Map Entry Group (PMEG): 

7 6 0 
v---------------v 
I 0 I PMEG I ... ... 
~ - ---- - - - ~ ---- ~ 

P:MEG6:0 is concatenated with VA17:12 to select one of SK Page Map Entries (PME). (One can 
view the page map u consisting of 128 PME.Gs, each PMEG containing 64 pages.) The PME is 32 bits 
wide, organized u follows: 

31 29 27 25 23 15 0 
v-----------·-··V----~--~~------v-----------·- v v -- -- - -- - - - -------
!VIWISIXITYPIAIM!O 0 0 0 0 0 0 O! physical page number (16 bits) I 
-.-~----·-------- I/It Ila ~ ------- - - ~ - - - - - . . ~ - - - - -- - -- - . - ~ ---. - - - - - -- ~ -

V 1 =entry is valid 
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W l=write access allowed 
S !=Supervisor mode access only 
X l=don't cache this page 
1YP O=Main Memory; l=Sbus and l/O space; 2,3=reserved for VMEbus 
A 1 =page has be.en accessed 
M l=page had been modified 

PME15:0 is concatenated with VAi 1:0 to fonn a 28-bit physical address whose interpretation 
depends upon the type field. 

Programming Notes: 
(1) A page is 4K bytes. A segment is 64 pages or 256K bytes. A context contains 4K segments or lG 

byte. This last is divided into two address ranges of 512M bytes each, from OxOOOOOOOO-Oxlfffffff 
and from OxeOOOOOOO-Oxffffffff. 

(2) Unlike architectures used by other vendors, in this architecture there is no way to explicitly mark a 
segment as invalid. However, the operating system can reserve one PMEG and mark all of its PMEs 
invali~ and then point invalid segments at this PMEG. SunOS has traditionally used the last P:ME.G 
for this pwpose, but this may be subject to change. 

(3) Because the cache ignores the context register when resolving accesses to supervisor-mode-only 
pages, the kernel segments should be identical in each contexL This can be accomplished by 
repeating the same PMEG in the appropriate segment map entries. 

(4) A context is selected by perfonning a byte store into the Context Register (ASl=2, A31:28=0x3). 

A segment map is initialized by selecting a context, and then perfonning byte stores into (ASI=3, 
A29:18=0x0 to Oxfff). (Half and fullword stores will work but are not recommended.) 

A P:MEG is initialized by selecting a context, and then perfonning fullword stores into (ASI=4, 
A29:18=desired segment, A17:12=0x0 to Ox3f). 

-(5) The hardware does not insure consistency between the cache and the MMU. The operating system 
software must flush the cache appropriately before updaling the MMU. Before changing the 
mapping of a context, a Flush Cache (Context) operation must be perfonned. Before changing the 
mapping of segmen~ a Flush Cache (Segment) operation must be perfonned. Before changing the 
mapping of a page, a Flush Cache (Page) operation must be perfonned. These operations are 
desaibed in the Cache section, below. Also note that these are not the only circumstances when 
flushing the cache is nec~ry. 

7.3. Cache decoding of Virtual Addresses 

To improve perfonnance9 SPARCstation-I contains a 64K byte virtual address cache. consisting of 
4K lines of 16 bytes each. The cache is one-way set aswciative. with each virtual address mapping to one 
and only one possible cache line. There is a 4 byte cache tag associated with each data line. 

From the Cache's standpo~ a virtual a~ has the following fonnat 

31 29 1 s 3 0 
v-~--~---------~v--------------~v-----------··--V--·---~--~-----v 
I I I lbyte ofl 
I I cache tag id (14 bits) I cache line (12 bits) I line I 
I I I I (4 b.) I 

A A A If>, A ---------- - --... .. .. - .. .. ., - ----. --... - - -- -- ----., -----.. . . .. .. _. - ... -- --------
Note: V A31:29 must all be the same (all 0 or all I). An SE_INV ALID error occurs otherwise. 

VA15:4 selects one of 4K cache lines. If the cache tag id matches (and, for non-supervisor-mode­
only pages, the context ID), then a cache hit occurs. V A3:2 selec~ the desired word from the cache line. 

A cache tag has the fallowing fonnat: 
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31 24 21 18 15 1 0 
V V --·~---v--------·-~----v v - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

10 0 0 0 0 0 01 CID IWISIVIO 0 01 cache tag id (14 bits) 10 01 
A A 

A A A - - - - - - ~ - - --- - - - - - . --- -- - ~ - ~ ~ - - ~ ~ ~ -- ~ - - - --- - - - ~ -- --. -- -- ----~ 

CID 

w 
s 
v 

(1) 

(2) 

(3) 

(4) 

Cache Tag Context (copied from Cache Context Register when cache line is filled.) Note that only 
CID2:0 are present 

l=write access allowed (copied from MMU when cache line is filled.) ·· 

l=Supervisor mode access only (copied from MMU when cache line is filled.) 

l=entry is valid 

Programming Notes: 
The cache tags must be initialii.ed by software before the cache is enabled, by clearing the valid bit 
in the cache tag of each cache line. It is sufficient to do fullword stores of zero into (ASl=2, 
A31:28=0x8, A15:4=0x0 to Oxfff). 
To flush all references to a context from the cache, a Flush Cache (Context) operation must be 
performed by selecting the appropriate context (by performing a byte store into the Context Register, 
(ASI=2, A31:28=0x3)) and doing fullword stores of zero into (ASI=Oxe, Al5:4=0x0 to Oxfff). 

To flush all references to a segment from the cache, a Flush Cache (Segment) operation must be 
performed by selecting the appropriate context and doing fullword stores of zero into (ASI=Oxc, 
A29:18=desired segmen~ A15:A4=0x0 to Oxfft). A17:16 are ignored for this operation. 

To flush all references to a page from the cache, a Flush Cache (Page) operation must be perf01n1ed 
by selecting the appropriate context and doing fullword stores of zero into (ASI=Oxd, 
A29:12=desired page, Al 1:4=0x0 to Oxff). 

7 .4. Aliasing 

Because the cache is bigger than a page, a physical page that is mapped by two (or more) distinct 
virtual addresses could result in data from the same physical address appearing in two (or more) cache 
lines: 

31 29 17 11 0 
v~----~---------v------~-----~--v·~-~-·---------v------~---~·---v 

segment (12 bits) 
cache tag (14 bits) 

page I byte in page (12 bits)I 
cache line (12 bits) I byte I 

#a A A A A --. -- ~ - - - - -- -. - - . - ~ --- -- -~ - ~ -- ~ ~ -- ~ - ~ -. . . --. - . -- ----- - -- ----
31 29 15 3 

This situation cannot be detected by the hardware and must be avoided by the software. There are 
two methods that may be used: 

0 

(1) All the virwa1 ad~ for an aliased page must be identical in bits A15:12. That is, the virtual 
a~ must be congruent modulo 64K (the cache size). This will result in the same cache line 
being use.d for the different virtual addresses that map to the same physical address. This is the 
preferred method. (Note that the hardware doesn •t know that the different virtual ad~ map to 
the same physical address, and alternate use of the different virtual addresses will result in 
invalidating and then refilling the cache line from the same physical address. Also, the hardware 
automatically invalidates a cache line when a cache ~ occurs on a write ope.ration. This insmes · 
the consistency of the cache with memory when aliasing via this method occurs.) 

(2) Each PME that points to the aliased physical page must have the "Don't Cache" bit (PME28) seL 
This method must be used if the previous method cannoL 
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• S4-Buffer 
Preliminary 

Features 

• Generates and checks parity on main memory accesses 
• Performs buffered write cycles in conjunction with the 54-Cache chip 
• Multiplexes 32-bit IU data bus down to 8-bit 10 data bus on write cycles 
• Demultiplexes and latches 8-bit 10 data bus up to 32-bit IU data bus on read cycles 
• Contains byte-packing registers for dynamically sized reads f ram SchoolBus data bus 
• Contains Sun-4 Parity Control Register 
• Contains 7-bit open-drain general purpose 1/0 register (PIO) 
• Forces No Op on memory exceptions 

. . . . . . . - . . . 
. . " - . ' . . .. · · .. ,' .. ·•·.· · .. -. . . . . . : .<<~~- 1.:.: .. :.: ........ ::·.·. ,•,: ·.·.>.<·> .·. 

. . . . . . 
- .... - . 

iu_d(31:0) sb_d(31 :0) 

wb elk 
wb-oe 

par_en_ 

par_cs_ 

sb rd 

iod en - -
iu mexc -

pio_sel 

S4-Buf fer 3131189 

··::·:::;:·:.·· .: :: ·::::::·::::;::;::::·:::;:}:::::;::::::=:::::::::;:::::::_~)::::::::;:~:~~:'..:{:}~ ~:~d??>'.::= :?)::(}(: 

. . .. 

par(3:0) 
..__...,.._ ___ sb err 

iod (7:0) 

..__ ...... :,._.~~---+---+'nio (6: 0) 
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S4-Buffer 

Pin Description 

Symbol 

IU Interface 

elk 
iu_d(31 ;Q) 

iu mexc -

Type Description 

34 

DRVC 1 6 Clock 
BD4TRU Integer Unit Data bus. 
IBUFNU Integer Unit Memory Exception. 

SchoolBus Interface 39 

Sb a(1 :0) - IBUFU SBus Address Bus. 
sb_siz { 1 :0) IBUF SBus Size. 
sb as IBUF SBus Address Strobe. - -
sb rd IBUFU SBus Read. -
sb_d(31 :0) BD4TAU SBus Data bus. 
sb ack32 IBUFNU SBus 32-bit Acknowledge. -
sb ack8 IBUFNU SBus 8-bit Acknowledge. - -
sb err BT8 SBus Error. - -
sb reset fBUFN SBus Reset. - -

Miscellaneous 20 

Parity data bus. 

Preliminary 

par(3:0) 
par_en_ 
par_cs­
pio_sel_ 
pio(6:0) 
iod (7 :0} 
iod en 

BD4TRU 
IBUFN 
IBUFN 
JBUFN 
BD4TOD 
BD4TRU 
IBUFN 
IBUFN 
IBUF 
IBUFN 
IBUFNU 
IBUFNU 
BT1 

Parity Enable. Enables parity check on current cycle. 
Parity Chip Select. Address decode for Parity Ctl Reg. 
ParalleJ 110 Pon Select. Address decode for PIO Reg. 
Para If el 110 Port. 

- -
wb oe - -
wb ce - -
cd oe - -
s4b ad - -
s4b test - -
para 

Signals 
Device Type: 
Package Type: 

105 
LMA9141 
PFP120 

Input/Output Buffer Definitions 

Input Output Data bus. 

Input Output Data Bus Enable. 
Write Buffer Output Enable. 
Write Buffer Clock Enable. 
Cache Data Output Enable 
S4-Buff er chip Output Disable 
Low for chip test mode 
Parametric Test Output. 

(10: 110 VDD:2 VSS:6) 
(PADS:120 VDD:6 VSS:10) 

DRVC# 
IBUF 
IBUFU 

Input Clock Buffer, CMOS, non-inverting. # indicates drive capability. 
Input buffer. CMOS, non-inverting 

Input buffer, CMOS, non-inverting, internal pullup 

S4-Buffer 3/31 /89 Sun Cont idential Page 2 



IBUFN 
IBUFNU 
TLC HT 
TLCHTN 
BD#TRU 
BT# 
BD4TOD 

Input buffer. CMOS, inverting 
Input buffer, CMOS, invening, internal pullup 
Input buff er, TIL. non-inverting 
f nput buffer, TIL. inverting 

S4-Buffer 
Preliminary 

Bidirectional buffer, TTL input levels, # indicates output drive, internal pullup 
Tri-statable output buffer. CMOS, # indicates output drive current. 
Open drain buffer. TTL, non-inverting. 
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S4-Buffer · 
Preliminary 

Functional Description 

Read Cycles 

On read cycles the S4-Buffer chip will latch data on the rising edge of the clock after an 
acknowledge is sampled true. Data will be taken from the 100(7:0) bus if IOD_EN_ is 
asserted, and from the SB_D(31 :0) bus if IOD_EN_ is negated. On all read cycles the 
entire IU D (31 : 0) bus is driven with the current contents of one set of the internal read -
latches. On read cycles from the Parallel 1/0 Register. the wire-or of pio(6:0) with the 
contents of the register will be read. If pio{6:0) is set to 7F. the contents of the register 

will be read. 

Byte Packing 
It is desirable to be able to execute code contained in 8-bit devices on either the SBus or 
the 100 bus. This necessitates packing the bytes up to fit the word length of the SPARC 
chip, as instruction fetches assume this data width. An IU word-length read will be 
converted into the appropriate number of shorter read cycles if the accessed device 
indicates its port width is less than 32 bits. When reading from the 100 bus (IOD_EN_ is 
asserted). the data will be presented to the IU as shown in the following table: 

sb_a(1} sb_a(O) Activated Read Latch 

0 0 iu d(31 :24) -
0 1 iu_d (23: 16) 

1 0 iu d(15:8) -
1 1 iu_d(7:0) 

When reading from the SB_D bus (IOD_EN_ not asserted), data will be latched from the 
SB_D bus depending on the port size acknowledge as shown in the following tables: 

Acknowledge & Port Size Decoding 

sb_ack32 - sb ack8 sb err Definition - - - -
1 1 1 Insert Wait States 

1 1 0 Error , 0 1 8-bit port ack. 

1 0 0 Rerun 

0 1 1 32-bit port ack. 

0 1 0 Error 

0 0 1 1 6-bit port ack. 

0 0 0 Reserved 
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S4-Buffer 
Preliminary 

Port Location 
The location of 8, 16 and 32-bit ports on the 32-bit SchoolBus data bus is defined as 
follows: 

sb_d(31 :24) sb_d (23: 16) sb_d(15:8) 

8-bit port 

16-bit port 

SB_D Read Data Latching 

8-Bit 
Port 
Ack. 

16-Bit 
Port 
Ack. 

S4-Buffer 3131189 

IU D -
iu_d(31 :24) 

iu_d (23: 16) 

iu_d(15:8) 

iu_d (7:0) 

iu_d(31:16) 

iu_d(15:0) 

32-bit port 

a=O --
a=1 

-
a=2 -
a=3 

-

a=O 
-

•=2 

Sun Confidential 

sb_d(7:0) 

SB D -
sb d(31 :24) -
Sb d(23:16) -
sb_d ( 15:8) 

sb d(7:0) -

sb_d(31: 16) 

sb_d(15:0) 
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S4-Buffer 
Preliminary 

Read Data Timing Diagram 

? 4 
I .... _ .... r , 

I I I ... I _ ... I I I I._ _ _.I elk 

shold_.~f:=~._:t:i.l.:i ___________________ .... r_M::_:\~:_\=: ... ~:~] 

par_en_ 

sb ack - -

sb_d (31 :0) or iod (7:0) 

iu_d (31 :0) 

sb err 

Memory Exceptions on Read Cycles 

When IU_MEXC_ is asserted ona read cycle, the 54-Buffer chip will drive the IU_D bus 
with a SPARC No Op binary code for the duration of the IU_MEXC_ signal as shown in the 
following diagram. 

elk I I I I I I I I I I I I 

1u mexc -

iu_d(31 :0) 

S4-Buffer 3131189 Sun Confidential Page 6 
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S4-Buffer 
Preliminary 

Parity Checking 
Parity is checked on read cycles during which PAR_EN_ is active and the Parity Check bit 
is set in the Parity Control Register (See below for a description of the Parity Control 
Register). Parity errors are reported by asserting SB_ERR_ for one clock period. and 
setting the bits in the parity control register corresponding to the bytes in which parity 
errors were detected. SB ERR will cause the S4-Cache chip to assert IU MEXC • 

~ - ._, -
causing the IU to take a memory exception trap. Parity checking is even. meaning a byte 
of ones requires a zero parity bit, so that a data and parity bus floating high will cause a 
parity error. 

Parity errors are reported on IU cycles by a one-clock low pulse on the SB_ERR_ signal, 
two clocks after SB ACK32 , as shown in the following diagram: - -

elk 

iu_shold_~----------------::::=-=:-::===:::===~---

sb ack32 

I ........ ··1 .·:·:·:<·:-:·:-:·:·::·:· .·.··.·.·.·.· .. ·.·.·.· .. 
' ....... , 

sb err ' ). - -

Parity errors are reponed on DVMA cycles by a one-clock low pulse on the SB_ERR_ 
signal, one clock after SB_ACK32_. as shown in the following diagram. Note that on DVMA 
cycles, this SB_ERR_ signal could occur after SB_BG_ has been asserted to another 
device, so that device must take care not to react. 

elk I I I I I I I I I I I I 

sb_bg_ 

sb ack32 - -
c ............ , , _____ ._ . ._, sb err 
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S4-Buffer 
Preliminary 

Write Cycles 

The S4-Buffer chip contains a 32-bit write buffer, a holding register for IU write data that 
allows the IU to continue executing from the cache while the write cycle is performed on 
the SchoolBus. Data is clocked into the register when WB_CE_ is asserted, and the output 
is enabled by WB_OE_. These two signals are generated by the S4_Cache chip. WB_OE_ 
will always be negated during OMA so that OMA devices can drive the SB_D(31 :0) bus. 
Any byte of the write buffer can be multiplexed onto the 100(7:0) bus, which will be output 
enabled on write cycles when IOD_EN_ is asserted. Parity is generated on all write cycles. 

Write Cycle Timing Diagram 

1 ? 
1 ...... _..r .. l_ .... f , ____ .. r I I I I elk l..__....I 

iu_d (31 :Q)<"-_____ ...... > .. .:: ... :::::: ... ~::::::..,:~:>>----------------

wb ce - -

wb oe 

sb ack -

sb_d(31 :0) 

S4-Buffer 3/31 /89 Sun Confidential Page 8 



The system bus controller implements dynamic bus sizing for CPU cycles. This function is 
performed through the joint efforts of the S4-Cache and the S4-Buffer.Taking the desired 
transfer width and the port size into account, the bus controller packs data from narrower 
ports up to the desired width by performing several bus cycles. This byte packing is 
performed only for CPU cycles, not for OMA cycles. The cycles appear as separate cycles 
indistinguishable from cycles that don't involve byte packing. 

Transfer Size Port Size Controller Response 

1-Byte Any Single BYTE cycle 

2-Byte 8-bit Two BYTE cycles 

" 16-bit One HALF cycle 

" 32-bit One HALF cycle 

4-Byte 8-bit Four BYTE cycles 

" , 6-bit Two HALF cycles 

" 32-bit One WORD cycle 
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Revisions 

Date 
8/17/88 
3/31 /89 

S4-Buffer 3131189 

Description 
Corrected table on page 10. 
Corrected parity register on page 11 . 

Sun Confidential 
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Preliminary 

By 
OED 
OED 
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S4-Buffer 
Preliminary 

The steering of the data from the IU data bus to the S-Bus data bus is a function of the 
size of the IU data transfer, the address and the port size acknowledge. 

For IU data BYTE 0 = w, BYTE 1 = x, BYTE 2 = y and BYTE 3 = z. the following table 
describes the byte steering that takes place for the various combinations of transfer size 
attempted by the IU and port sizes which acknowledge. 

I 
8 bit transfer 

1 6 bit transfer 

32 bit transfer 

S4-Buffer 3/31 /89 

IU Data 

BYTE 0 BYTE 1 BYTE 2 BYTE 3 

w I x I y I z 

SBus Data 

w w w w 

x x x x 

y y y y 

z z z z 

w x w x 

x y x y 

y z y z 

z w z w 

w x y z 

x y z w 

y z w x 

z w x y 

Notes: 1. a = SB A(1 :0) 
2. S4-Cache controls SB A(1 :0) 

and SB ACKB • SB A"CK32 to 
generate proper number or cycles. 

Sun Confidential 

I 
a=O 

a = 1 

a= 2 

a= 3 

a= O 

a = 1 

a=2 

a=3 

a=O 

a = 1 

a=2 

a=3 
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S4-Buffer 
Preliminary 

Parity Control Register 

The Parity Control Register provides facilities for enabling and reporting parity errors and 
for testing the parity generation and checking logic. It is a 32-bit read/write register. 
cleared on SB_RESET_, accessible 8 bits at a time over the IOD bus. It has the following 

fields: 
0(31:8) 
0(7) 

0(6) 

0(5) 

0(4) 
0(3) 
0(2) 

0(1) 
D(O) 

Reserved 
Parity Error 
Second Error 
Parity Test 

Parity Check 
Parity Error 24 
Parity Error 16 
Parity Error 08 
Parity Error 00 

Read as zero 
Set on any parity error 
Set if D (7) is set and new error occurs 
Set to write parity with the inverse polarity 
to test the operation of the parity error 
circuitry. With Parity Test off, correct 
parity is generated on all memory write 
cycles. 
Enables parity checking 
Records parity error on data bits 31 : 24 
Records parity error on data bits 23: 1 6 
Records parity error on data bits 15:8 
Records parity error on data bits 7: 0 

Note that the Error Bits 0(7, 6, 3:0) are not writable. They are set by errors and reset 

automatically when read back. 

Parity Control Register Read 

elk 
? ~ d " F\ 7 8 Q jQ 11 

I rt r1 ........ r1 I __ 1 .... 1 ... 1 ... 1Ir•rI11 I 

Sb rd I 

par_cs_ 

iod en 

• sb ack8 ,:.:.:, I <,.· ..... : .. , ...... __ _ 

-

iod (7 :0) ---------------1.1Y~~::<: >~::)~:-'>----'2····.:.... _·.·.·.·~ 

• sb_ack8_ is generated by the MMU on Parity Control Register accesses. 
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S4-Buffer 
Preliminary 

Parity Control Register Write 

elk 
2 13 .4 15 6 7 A Q 10 11 
I. Ir I. I I Ir I I ... 1_.I ... l_.I Ir I I 

iu shold !liii[:; .... -~~: .. :J ________________ _.l ... :::::: ..... t:I - -

sb rd I 

par_cs_ 

iod en - -
• sb ack8 

iod (7:0) 

,. _, 

, ... ··-j .. ·.·.·.·.· 
'.' ···-•.• 

, ...... , 
... 

I <......._, ..... __ _ 

<~+~_:*(..._ __________________________ _.>_:·..,<>~------

• sb_ack8_ is generated by the MMU on Parity Control Register accesses. 

Parallel 1/0 Register Write 

elk 
2 l3 .4 i:; ~ 7 8 f9 JO 11 
I. Ir Ir Ir I I ... l_.I I. I I I I I I 

iu_shold ~l:[_::::~ .. :J. ______________________ .. f: .. ::::::: .. :::i 

Sb rd I -

par_cs_ 

pio_sel_ 

• sb ack8 \.:.:.\ I <,.->.-..----

iod (7:0) <~>-~::< ..... ____________________ .> .. :::::~~>->-------

• sb_ack8_ is generated by the MMU on Parallel f/0 Register accesses. 

The Parallel 1/0 Register is selected by the pio_sel_ signal. The output of this register is an 
open drain data bus, pio ( 6: 0) . The timing for this register is identical to that of the Parity 
Control Register with pio_sel_ replacing par _cs- in the timing diagrams. The register is a 
32-bit device with bits 31 through 7 reserved. The reserved bits read back as zeros. 
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• S4-Buffer 
Preliminary 

Timing Specifications 

Conditions: VCC=4.75 to 5.25V, TA=O to +70C, Output Load=100 pF 

Symbol From To min max unit 

t xclk high xclk high 40 --- ns 
t elk iu d 10.5 23.5 ns -
t elk sb d 18 27 ns -
t elk par 23 34.5 ns 
t elk pie 12 21.5 ns 
t elk iod 8 31.5 ns 
t elk sb merr 16 23.5 ns - -
t 

. 
iu d 6.5 12 1u mexc ns - -

t wb oe sb d 5.5 21 ns - - -
Setup time for all signals is 15 ns. Hold time for all signals is 3 ns. 
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. Sun. Microsystems 84. Cbip ~et.··> .. 

. · ... <>.:::;:;<:.::·.·;:: ... ::.·sun' SPARC(TM) Support System . · .. :.·.; .. :. :· .: .. ' . '.· Preliminary 

S4-Cache 

Features 

• Implements 64-256 KByte write-through Instruction/Data cache with i 6-byte line s:ze 
• Performs cache tag comparison 
• Controls SBus reads and writes 
• Automatically fills cache on cache misses 
• Controls mastership of SBus for OMA 
• Performs buffered writes with external write buff er 
• Replaces cache tag read/write buffers 
• Performs cache flush comparisons 
• Controls system-wide byte packing 
• Contains Sun-4 Virtual Address Error Latches 
• Maintains copy of 4-bit Sun-4 context register 
• Contains Sun-4 System Enable Register 
• Contains Sun-4 Bus Error Registers 
• Monitors bus for unacknowledged transfers 
• Generates system reset 

-. ~-:·:·>::_.:. .. ~~: :.:'_.;.-:::.: .· ._.,:;:;····. : .. -, ·, .·. ·: - :.~ ... ·. . . -.·.·· .. :-:-.-··. · .... 

-.:-:-· -. · i :.:~<\ff itC> /:'.: .:/:>\ t :.: ::: :: :.::·:<:::: .:·. <: <.\:::;:;:_::.::;-:'.: ·:: · : · 

a . 1--.~"--..-----------------4w ..... _.._. 
sb a (29 :0) 
sb-siz (2 :0) -iu ah (31 : 18) 

iu:al(17:0) 
iu_asi(3:0) 
iu siz(1 :0) 

. .,__......,,...... _ _,,__ ...... -:.,_-.. ~-.. .o:< : . :·>·· ... 
. -
IU rd 

...... _._ .: :: · Cache 
-

mmu typ(1 :0) 
mmuTx.v,s,w) 
Sb br(2:0) 
sb:ack (32 :°S} _ 

iod(7:0) 

~----..... ::··::::::::::::;::::'.::::::::::::·.·. ::::::::• ... .::-.'. 

: . . ·.:.sy&,.:::Enable:·.·Re·g·f::· ···;:"": :. ·. ~ ·. 
· .. .' ....... : . ' : .. -: .·: ··:'.· l . 

. ::> . ·. : ' . . . . . ~.. . . . .. 

::\: .. : . <:j3J·$ )iSt.i&:/Reg);;~~[i\~Y: _.;:~;;:~~ )i~i~~\l \:::::~. 

.....,.._ corit~~ Rag•; :::?: < :.,.[ .'.!'i· · • 
·.· •,·. ·.-.... · -

. ,,, .<· . :···: :·:. '·"·'. ·.· .·.::;:;.·.:· :.<:>'. .•. :,:: \::'.:.:~·· ... -...---

' -::·. <\.}:~.:::·.:.:::·· · .... ·: : ; /·'. :·. ::·· ...... :.:·:.: ·: ::;::':: ::: : . : . :·:·:.:.:-: ·.' ... _-
. . . . . . .<·. - . . . : . ' .. · ... '. . ..... . 

':: ' ·. :': : ' . ·.· ._ :·~::\}~::: .. : .. -:::::.: .•. ::· :: . ·:· .. 
per_ 
iu error 

---4--...... ---. -.. ..., ·:··Reset.·._·:.:.::··~::: 

- ·:Generator··· ' . . . .. 
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iu shold - -iu aoe 
iu-mds 
iu mexc. 
sb as -
wb-ce-
wb-oe­
cd-oe-
sb:bgr2:0)_ 
ctwe en - -cdwe en - -

sb_ack(32 .8}_ 

sb reset -
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Preliminary 

Pin Description 

Symbol 

IU Interlace 

iu elk -
iu rd 
1u wr - -
iu_siz(1 :0) 
1u error - -
iu_nulcyc 
iu hal -
iu ldst -
iu asi(3:0) -
iu_ah{3i:18) 
iu_a1{17:0) 
iu shold - -
iu mds -
iu mexc -
iu ace - -
por_ 

Type 

50 

DRVT8 

TLCHTU 
TLCHTU 
TLCHTU 
TLCHTNU 
TLCHTD 
TLCHTU 

TLCHTN 
TLCHTU 
TLCHTU 
BD4TU 
BTS 
BT4 
BT4 

BT4 

TLCHTNU 

SBus Interface 46 

sb as - -
sb_br(2:0)_ 
sb_bg(2:0)_ 
Sb rd -
sb_siz (2: 0) 
sb_a(29:0 ) 
sb ack8 - -
sb ack32 - -
sb err - -
sb merr - -
sb reset - -

8T4 
TLCHTNU 
BT4 
BD4TU 
BT4TU 
BD4TU 

808TU 
BDSTU 
804TU 
BDSTU 
BTS 

MMU Interlace 19 

mmu s -
mmu wa -
mmu x -
mmu v -
mmu_typ(1 :0) 
user 
devspc_ 
ctl(2:0) 

iod (7 :0) 

S4-Cache 7/18188 

TLC HT 
TLC HT 
TLC HT 
TLC HT 
TLC HT 
BT4 
BT4 

BT4 

BD4TRU 

Description 

Integer Unit clock. The main system clock. 
Integer Unit Read. High for read cycles. low for writes. 
Integer Unit Write. Low in second clock of write cycle. 
Integer Unit Size. Indicates number of bytes in transfer 
Integer Unit Error. Low when IU halts due to errors. 
Integer Unit Null Cycle. Address bus is not valid. 

Integer Unit Hold Address Low. Don't clock Cache 
Address Register (Sunrise designs only} . 
Integer Unit Lock. Don't steal the bus from the IU. 
Integer Unit Address Space ldentif iers. 

Integer Unit High Addresses. 
Integer Unit Low Addresses. 
Integer Unit Hold. Stops internal IU clock. 
Integer Unit Memory Data Strobe. 
Integer Unit Memory Exception. 

Integer Unit Address Output Enable. 

Power-On Reset. Low untit power supply is stable. 

Address Strobe. Physical addresses avail. next clock. 
Schoolbus Bus ReQuest. Re~uest to perform OMA. 
Schoolbus Bus Grant. Permission to perform DMA. 

School bus Read. High for read cycles, low for writes. 
Schoolbus Size. Indicates number of bytes transferred 

Schoolbus Address Bus. Virtual addresses. 
SBus 8-bit Acknowledge. 
SBus 32-bit Acknowledge. 
Schoolbus Error. Failed data transfer. 
Schoolbus Memory Error. Parity or ECC error detected 
SBus reset. Initializes all registers and logic. 

MMU Supervisor Only protection bit. 
MMU Write Allowed protection bit. 
MMU Don't Cache bit. 
MMU Valid bit. 

MMU Type bits. Indicate Memory, t/0, VMEbus. etc. 
User-mode Address Space Identifiers f rem the IU. 
Device/Control Space, low for device space. 
Encoded Control space device IDs. 
Input/Output Data Bus. Connects to 8-bit l/0 Devices. 
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Cache Interlace 25 

ct a (29: 16) -
ct c(3:0) -
ct s -
ct v -
ct wa -

Cache Tag Address bits 

Cache Tag Context bits 
Cache Tag Supervisor 
Cache Taq Valid 
Cache Tag Write Allowed 

S4-Cache 
Preliminary 

ctwe en - -
cdwe en - -
cd oe - -

BD4TU 

804TU 
BD4TU 
BD4TU 
BD4TU 
BT4 
8T4 
BT4 
BT4 

Cache Tag Write Enable Enable. Goes to S4-Clock. 
Cache Data Write Enable Enable. Goes to 54-Clock. 
Cache Data Output Enable. 

car en - -
Miscellaneous 
wb oe - -
wb ce - -
s4c oe - -
s4c test - -

Signals: 
Device Type: 
Package Type: 

4 
8T4 
BT4 

TLCHTNU 
IBUFNU 

144 
LMA9284 

PFP160 

Input/Output Buffer Definitions 

Input clock driver 

Cache Address Register Clock Enable. 

Write Buff er Output Enable 

Write Buff er Clock Enable. 
54-Cache chip output enable. 
S4-Cache chip Test mode. 

(10:158 VDD:4 VSS:S) 
(PADS:160 VDD:7 VSS:9) 

Input buffer, CMOS level, inverting. internal pullup 
Input buff er. TTL level, non-inverting 
Input buffer,· TTL level. non-inverting, internal pull up 
Input buffer, TIL level. inverting 

DRVCB 
IBUFNU 

TLC HT 
TLCHTU 
TLCHTNU 
BO#TU 
BO#TRU 

Bidirectional buff er, TTL input levels. internal pullup. # indicates output drive 

Bidirectional buffer, TIL input levels, internal pullup, slew-rate controlled 
output, # indicates output drive 

BT# Tri-statable Output buffer, CMOS, # indicates output drive current. 
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Functional Description 

Cache Overview 

The cache implemented with the aid of the 54-Cache chip is a write-through mixed 

instruction/data cache with a 16-byte line size. A typical implementation is shown ir. the 

following diagram: 

4096 
Lines 

Cache Tags Cache Data 

.,_ ______ .... --- -----..~-..-.-------1 

. ·" ,'. •.·.·.,· .. ·. -. . - .. ' . . . . - . - .. 

. . . . . . . 

• 

• .. 
• 

. - . - . -... ·.·.·. . . - .. - .. ·.· -." . . -
... . .. · .• . . . . :: ·--~'~-::::::.·::" ·_::::~:~-: :>:<·~~-=:. :·:::. :: ·.:>:·.·::>-

I . o ,•' 

·-:_:; .' ·.::·:=: :::::: >~.-:: . . . . . . . -. ~ .. 
. . - .. ''. '. 

·->·::.:.:··:.:~:;~.-: :::-·-:.···· .. ':'.· .. -:-:-:< ~:::-~<: · . .'. ', 

t-1 Tag -i t-- 16 bytes 

The cache tag and cache data memories are built using external generic static RAM chips. 

Although the programmer's model of the cache data RAM is 4096 lines of 16 bytes. it is 
currently implemented with eight 16K x 4 static RAMs. 

The size of the cache may vary from 4096 lines deep to 16.384 lines deep. Larger 

implementations of the cache will connect the unus.ed cache tag pins to the appropriate 
address bits latched in the cache address register. 
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SBus Controller 

The S4 chip set communicates over the SBus. a synchronous bus defined by the SSus 
Specification and controlled by the SBus controller, one state machine that controls SB us 
reads, SB us (buffered) writes, cache filling, OMA arbitration, and OMA cycles. A 
simplified state diagram for the bus controller is shown below. 

- OoOMA 
bus reQuest 

Idle --1 [ OMA~ 

wrrte & ........ 
buttered 

wrtte & read miss 
! b.Jf1red 

,, . ' ~· 
0 t 

Buttered Write ""°" Buttered Write R•ad Cycle 
Bus Cycle Bus Cycle 

~~ 0 0 

,, 
r1111...."1•"" 0 

Do OMA 

OMA oone 

' • -,. ,, _...., Report Error -, 
ACK & f 1rst cycle of store oout>•• 

t 

~ 
ACK and not first cyc&a of store double 

0 
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S4-Cache 

SBus Overview 

The SBus fundamental operation is shown in the diagram below. The SB_AS_ signal 
indicates the validity of SB_PA(28:00). SB_RD. SB_SIZ(2:0) and the signals derivea 
combinatorially from these signals. On the rising clock edge at which AS_ is sampled true. 
these signals will also be valid with the setup specified. The cycle will continue until an 
acknowledge is received from the accessed device. Wait states will be inserted on the 
SBus until the acknowledge is received. 

elk 
0 1'? 3 .'1 i:; .... ~ - 7 
I~ I 11..._.l I r .. 1 ... r1 r1 ...... r1 I 

sb as - - f····1 
I I . ' : :~':"':.: :·· . : ...... . . 1 

I ' '.'~·· ·<~"·.:':'.:. ~ .. ::-: : ::. =~..:.·.. . I 

s b rd .,.=~~:~~~·:::~~,, ~~:~:~~~:::::~=~:'.~:-~~·<:·~ ·.-· ·. 

- I 

I 

sb_ack{32.8}_ ---------~, ..... , f:::::::::I •-.....•..._ ___ _ 

sb_d (31 :0) {read} 

sb_d (31 :0) {write} I 

The addresses, read, and size signals will be held valid until the clock edge after the one 
on which the acknowledge is sampled true. See the tables below for acknowledge and 
size encoding. 

Shared control signals SB_ACK32_. SB_ACKS_. SB_ERR_. and SB_MERR_ must follow a 
special protocol. which requires that the signal is taken out of tri-state mode. driven low 
for the desired number of clocks, then driven high for one clock before being tri-stated 
again. See the SBus specification for further details. 
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SBus Reads 

An identical protocol is observed for all non-cacheabfe reads on the SBus. whether the 
accessed device is in control or device space (except for cache flushes). on the main PC 
board or on expansion boards. and using the 32-bit SB_D bus or the 8-bit 100 bus. As 
soon as the miss is detected, the IU is stopped by asserting IU SHOLD . SB AS is - - - -
asserted to indicate that on the next rising clock edge physical addresses. SB_RD. 
SB_SIZ(2:0). DEVSPC_. and CTL(2:0) win be valid. The bus controller then waits for an 
acknowledge encoded on S8_ACK32_. SB_ACKS_. and SB_ERR_. See "Byte Packing" 
below for the encoding of these signals. On the rising edge after the acknowledge is 
sampled as assened. the data will be latched from the appropriate data bus into the 
S4-Buffer chip, and on the rising edge after that it will be strobed into the IU by the 
IU_MDS_ signal. NOTE THIS PIPELINING OF THE ACKNOWLEDGE. 

elk 
0 J , 13 .d ~ ~ 7 
Ir I I-•-...... _ • ._1 ... 1 .. 1 .. 1 __ 1_r I I 

iu shold I-~-. I ' ' ... - -
sb as I I f:· . I - -
sb_pa (29 :0) (>:::''.-'··-·······.-~-· · , -·;: I 

sb rd -

sb_siz (2:0) 

user 

devspc_ 

ctl (2:0) 

sb_ack{32.8} ' ~ I .. ·I ' ' ' 
iod(7:0) or sb _d(31 :0) ( -:i }::::) 

iu_d(31 :0) --------------... ( .-.-:1 >-::)a---

iu mds I :·.;:-:I f .: -·I -

S4-Cache 7 Ii 8188 Sun Confidential Page 8 



·$Un''·Mitj(Osyste111s·· $4 Chip S~t -=- .: S4-Cache 
> :··;-:·;:.::·;·:7-';;::_(::·_::sun:.SPARC(TM) -st.lppori"-system· -- : . .-::~/~{}:<-::-:._ ._:·... Preliminary 

Parity Errors 

Parity errors are reported by the S4-Buffer chip to the S4-Cache chip via SB_MERR_. The 
54-Cache chip reports parity errors to the ru on IU cycles by assening IU_MEXC_ as 
shown in the following diagram. 

elk 
O 1 ? l3 A 1s 6 ... z_ 
Ir I I I .... 1 ... r I. I I I I Ir I II ...... • I..__ 

iu shold I -. I I I - -

sb as - -
Sb B(29:Q) I I I ........... _· ' I .. 

-
1--: I ' ' Sb ack ' ~ - -
(· i ! ·) Sb d(31 :0) -

( I I .. ) <· ~ ) :·:) iu d (31 :0) -

sb merr l·:] - -

iu mexc I :- . I f ·· I 
- -

iu mds - -
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SBus Writes 

The 54-Cache chip implements both standard write cycles and buffered write cycles. 
During a standard write cycle, the IU is held throughout the SBus cycle. During a buffered 

write cycle, the 1U is staned again after the MMU has been checked. so that the SB us 
write cycle can proceed concurrently with IU instruction and data fetches f rem the cache. 

SBus Standard Writes 

The IU is held starting when the miss is detected and ending when the acknowledge is 
received. All writes are implemented as standard writes except those to Device Spaces 
Type 0 and Type 1 as defined by the type bits from the MMU. Write data is available on the 
SBus on the rising edge at which AS_ is sampled true. and one clock later on the IOD bus. 

erk 
a 1 ? 11 d 1s ~ ~'~ 

I r I r I ·' ...... r I . I r I r I I 

iu shold • . ;: .. ,:.:.j I I -
sb as I·.:· I f· ..... I - -
sb _pa (29: 0) 

Sb rd -

sb siz(2:0) -

user I-;--:: ... · · · .. ·. · · ... · ·· ... · I 

devspc_ 

ctl (2 :0) I·:·:···::.·:~;-~>-: .-: ·. ·.;:. • ·.· ... • · I 

-
---------... ,!llllllllt., f: .. :;::: .. j ....... , ..... ___ _ ack 

sb_d (31 :0) ------.-..(~-<-------~> ..... >~---------
iod(7:0) ---------~c~·~< ..... ____ ~>~·~->~------------
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SB us Buffered Writes 

The 54-Cache chip performs buffered writes to Type 0 and Type 1 Spaces using the write 
buffer in the S4-Buffer chip. The IU is held staning when the miss is detected and ending 
when the MMU has been checked. This occurs invisibly to the SBus. where the buffered 
write is indistinguishable f ram a standard write. Write data is available on the SB us on the 
rising edge at which AS_ is sampled true. and on the 100 bus one clock later. 

elk 
a 1 2 3 ~ 1s 6 ~7~ 
Ir I I Ir Ir I. I I Ir I I 

iu shold - -

sb as I:·. I t · I 
- -

Sb 8(29:0} -

Sb rd -

sb siz(1:0) -
user -

devspc -

ctl (2:0) 

sb ack ---------... , ..... , t·,'::: .. j '~-•._ ___ _ 
- -

Sb d(31 :0) - ---------<-··:·-·.( ..... ___________ ):_::::)~---------

WB CE Function - -
The WB_CE_ signal goes to the 54-Buffer chip, where it is used to generate the clock to 
the write buffer as shown in the following diagram: 

elk I I I I I I ... _ ..... \ I I I I 

wb ce I I I .1 
- -

wb elk I I I I I . I I I I I 
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Cache Write Hits 

On cache write hits the cache data is updated and an SBus write cycle is performed. The 
54-Clock chip receives the CDWE_EN_ signal and generates four byte writes 
(CD_WE(3:0)} to the cache data RAMs. These four signals depend on the low-order 
address bits and the size bits so that only the appropriate bytes in the cache are updated. 

elk 

iu rd -

1u wr--
iu shold - -
wb elk -

sb as - -

Sb a(29:0) -

sb_rd 

sb_siz ( 1 :0) 

sb eek -

sb_d(31 :0) 

Timeouts on Writes 

a 1 1 2 2 
..... _.I I I I 

I ... I f. I 

I I I I I I I I I I I 

I I I I I .. 1 _______ ..... 1 I I I I I 

I :.: 1 

I :-~:-: ............... ·.: · .. ,_ · .. :.. >=·> · · · · ·· I ................ ·.· ·.· .... ,· ·.· · .. ·.·.· - .. · .. 

---------.. ,~. f ·-::•'::J ,..._,._ ___ _ 

Timeout errors on buffered write cycles are reported with SB MERA • while those on - -

elk 

sb merr I I l·::.:::.:I - -

standard write cycles are reported with IU MEXC . - -
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Dynamic Bus Sizing 

Byte Packing 

To execute code contained in 8-bit devices on either the SBus or the IOD bus. the 

S4_Cache chip must pack the bytes up to fit the word length of the SPARC chip. as 
instruction fetches assume this data width. The $4-Cache chip transforms the SPARC 
data bus into a dynamically-s;zed bus somewhat like that of the Motorola 68020. The 
number of bytes involved in the first cycle is encoded on the three SB_SIZ signals. The 
current slave device responds with its port width encoded on the two SB_ACK signals. An 
IU word-length access will be convened into the appropriate number of shoner accesses 
if the accessed device indicates its port width is less than 32 bits. 

Tran sf er Size Encoding 

sb siz2 sb siz1 sb sizO Transfer Size - - -
0 0 0 4 Bytes 

0 
. 

0 1 1 Byte 

0 , 0 2 Bytes 

0 , 1 Not Used 

1 0 0 16-Byte Burst 

1 0 1 Not Used , , 0 Not Used 

1 , 1 Not Used 

Although the SBus specification allows 3-byte operations, none will be generated by the 
S4-Cache chip because all SPARC transfers are aligned. 
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Acknowledge Decoding 

sb ack32 sb ack8 - -
N N 

N N 

N A 

N A 

A N 

A N 

A A 

A A 

Note: A: 
N: 

Controller Response to Port Size 

sb err -

Assened 
Negated 

N 

A 

N 

A 

N 

A 

N 

A 

-

Preliminary 

Definition 

Insert Wait States 

Error 

8-bit port ack. 

Rerun 

32-bit pen ack. 

Reserved 

16-bit pon ack. 

Reserved 

If the port acknowledge is narrower than the width of the current transfer on the SBus. the 
bus controller inside the 54-Cache chip will automatically perform the proper number of 
shoner cycles reQuired to equal the longer cycle. The following table lists the possib'e 
combinations. 

Tran sf er Size Port Size Controller Response 

1-Byte Any Single BYTE cycle 

2-Byte 8-bit Two BYTE cycles 

" 16-bit One HALF cycle 

" 32-bit One HALF cycle 

4-Byte 8-bit Four BYTE cycles 

.. 16-bit Two HALF cycles 

" 32-bit One WORD cycle 
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S4-Cache 
Preliminary 

OMA Cycles 

Bus Arbitration 

The 54-Cache chip receives three levels of OMA bus request {SB_BR(2:0)-} and 
generates three corresponding levels of bus grants {SB_BG(2:0}-}. Jn case more than 

one bus request is received simultaneously. the bus request priorities are as follows: 

IU Write Hits 
SB BRO -
SB BR1 - -
SB BR2 - -
IU Misses 

Highest Priority 

Lowest Priority 

If a bus reQuest is pending at the end of e OMA cycle, the bus arbiter will use a 
round-robin bus grant scheme so that all OMA masters can share equal bus bandwidth. 

Rerun Cycles 

The S4-Cache chip implements e rerun protocol that causes the current SBus cycle to be 
aborted and restarted later. This allows resolution of deadlocks between the IU and OMA, 
and allows SBus slaves to have long read latency without locking out OMA. 

elk I I I I I I I I I I I I I I l I I I I I I I I I 

sb as J I I I I I - - , . , 

t ,- ' ' f I ' ' sb ack ' ' ' ' - -

sb err ' ' ' 
I ' ' - -

\ I I sb br - - ' \ ' I , 
Sb _bg_ \ I 1---- I I 

' ' ' ' \ ' > ' \ 

"-~~ >~< ~ '~~ >-Sb a(29:0) -

Sb rd l > < < l >--

~ > < ~ ~ >-sb siz(2:0) -

Deadlocks can occur when a single functional module is capable of being both a SBus 
slave and a OMA master. Such a module typically selects either its master or slave mode. 

S4-Cache 7118188 Sun Confidential Page 15 



S4-Cache 
Preliminary 

and a deadlock happens when the IU attempts to access the module after the module has 
switched to its master mode. The module must detect this condition and assen a Rerun 
Acknowledge (SB_ERR_ and SB_ACK32_ or SB_ACKB_, as shown in table above) along 
with a Bus Request. The S4-Cache chip will respond by negating the SBus address 
strobe, tri-stating the SBus. and issuing a bus grant. Standard SBus protocols will be 
observed after this point. 

A device with a latency greater than the SB us timeout period must respond before the 

timeout with a Rerun Acknowledge. The current cycle will be aborted. any pending OMA 
requests will be serviced. and the cycle will be restarted. It is the responsibility of slave 
devices with long latency to latch the addresses and data. as during the rerun period 
these will no longer be valid. 

A maximum of 64 rerun acknowledges are allowed for a single attempted access. After 64 
reruns, SB_ERR_ will be asserted by the S4-Cache chip at State 3 to end the cycle. 

OMA Parity Errors 

Parity errors during OMA cycles are reported by the S4-Buffer chip to the SBus via 
SB_MERR_. The S4-Cache chip reports these errors to the IU via a bit in the 
Asynchronous Error Register. while the 54-MMU chip converts SB MERA into a level on - -
the IU Interrupt ReQuest pins. Note that the SB_MERR_ signal can come up to two clocks 
after SB_BG_ is negated at the end of the cycle . 

elk I ...... .c 1' 
11r ... 1 .... 1 

., 13 .'1 i:; .. ~ ... 7 
.._...1 _, -· _, _r -' __ r 1 r • ...... • 1 I 

sb_bg_ f.' -j f·:·:·:·.·:-1 .. 

sb as - -

sb_pa(29:0) --------....:c~>-·:;:(._ ________________________ ~>-~:·~··:J~-----------

Sb d(31:0) - -------------------------------1(•:::.::_::_(; , .... ·.·1•ti-------• - -~';,;_::=: • 

sb merr -----------------------------.. , ...... , f·:: .. ··• <,..._,...__ - -
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Cache Fills 

The cache is filled under the following conditions: 
Read cycte & 

Device space & 

-. · . 

Page is marked cacheable (!MMU_X) & 

EN_CACHE bit in System Enable Register is set & 
No protection error is detected. 

S4-Cache 
Preliminary 

A cache fill cycle consists of four 32-bit reads of main memory. As the cache controller is 
capable of accepting an acknowledge on every clock, the four reads will typically be done 
using a high-speed burst mode access of the main RAMs. After the fir.st acknowledge the 
bus controller will strobe the data into the IU. making the assumption that the memory 
provides the requested word first rather than providing the first word in the line. 

Cache Fill with Non-Continuous ACKs 

1 ..2 l3 I ~ I 5 ~ 7 .. e_ c 10 11 12 
elk I r ... I ..... . f -· .... II_ .... r I r I II ..... r I f I r I I l~_.I I I 

iu a N•1 > > ( < w I I x I I v I I z I IN·1l>< -
hold I 1 J -

I I I I Sb as - -
sb a I - I I I "-!•. 

sb_rd I l J 

I I sb siz(2:0). - 16 BYTES 

devspc_ I I I I 

I I I I I I I I I I I I I I ' ' Sb ack32 ' ' - -
sb d(31 :0) < - ~ ~ > < ~ i > { ~ ~ > < ~ ~ > 

iu mds I I I I - -

cd we I I I I I f I I - -
ct we l J J -
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Cache Fill with Continuous ACKs 

' l3 A r. 51 E o 1 a 
._~I I~_.. l._~I ~l_.I _1 ..... 1 ~1 ..... 1 1~__.1 ~l__.f •~ .... I ~·~ elk 

, 
I 

IU a 

hold ~'----------------------------------------------El-A .. -
sb as .Emillillll.._ ____________________________ .BJ •.. _ .. 

sb_a • ·----------------------------------....1•==·~===•1111¥*'1~· mm 

sb rd I 

sb_siz(2:0) --------•s•J-~.s.~ ______________________ _.d •• !.~.i~M!~··· •. i'lj •.•. ~-

devspc_ El!!i111~--------------------------------...J'1'=''='=~="==rama:~·=-· 
sb ack32 - - --------..=m._ ________________ J!#l!EE!I w•*•*'~>..-.------' * - !!:!! 

sb_d(31 :0) -------« a • • •----
iu mds - -

cd we I I I I I I I I - -
1 

ct we I -
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Cache Hits 

A cache hit occurs under the fallowing conditions: 
Device space & 
CT_ V high (cache tag rs valid) & 

CT A(29: 16) == latched IU A (29: 16) & - -
IU_A(31) == IU_A(30) == IU_A(29) & 

{CT_S & Supervisor cycle} OR {JCT_S & CT_C(3:0) == CID(3:0)} & 

{IU_RD OR (CT_WA & !Store double & SBus Idle)} 

Cache Read Hit 

elk I I I 

iu a {31 :0) -
car elk - I I I 

I I I car a(17:0) - N 

I I ~ I I iu d(31:0) -

C&che Write Hit 

elk I I I I I 

iu_a(31 :0) I N I I xx I I 

I I I I • 1u we - -
car elk - I I I 

I I I car a (17:0) N -
cd we - -
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Cache Flushing 

Three cache flush operations are defined. depending on the match criteria: the context 
match flush. the page match flush. and the segment match flush. A write operation to the 
addresses specified in the address map below will flush one cache line if the tag satisfies 
the specified match criterja. 

Context Match Flush Criteria: 

CT C{3:0) == CID(3:0) & -
ICT S -
where CJD (3: 0) is the current contents of the on-chip context register. 

A context flush is used to ensure cache addressing consistency whenever a new active 
context replaces an old context in the MMU. 

Page Match Flush Criteria: 

CT A(29:16) ==SB A{29:16} & - -
CT_S OR {ICT_S & CT_C(3:0) == CID(3:0)} 

The page flush is used during page management to purge all references to a vinual page 
from the cache. Flushing an entire page requires 512 page flush commands to cover all 
combinations of A 12 .. A4 that correspond to the desired page. 

Segment Match Flush Criteria: 

CT_A(29:18) == SB_A(29:18) & 
CT_S OR {ICT_S & CT_C(3:0) == CID(3:0}} 

The segment f tush is used during page management to purge all references to a virtual 
segment from the cache. It is reQuired whenever an active Page Map Entry Group must be 
replaced. 
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Cache Flush Satisfying Match Criteria 

a 1 ' ~ , ____ , I I elk I I ._I _ ... I 

iu shold 
... ____________ __ 

- -

iu_rd ----------------

w ___ .· .. :-:·.- ·.·.···· ·:·. . ~ .......... _ .. . ctwe en - -
ct we - - - I ------· 

Cache Flush Not Satisfying Match Criteria 

a 
I J 

, 
I ... _ ... I 

? 
I ... _ ... r I I elk 

iu shold - - -~----
iu_rd 

ctwe en - -

ct we - -
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Miscellaneous Functions 

Bus Timeouts 

A modute inside the S4-Cache chip monitors the duration of all address strobes. After 256 
clocks it generates an SB_ERR_ signal on IU Read Cycles. IU Standard Write Cycles. and 
OMA Cycles, or an SB_MERR_ signal on IU Buffered Writes and IU Cache Write Hits. If an 
SBus slave needs longer latency than this allows. it must use the Rerun Acknowledge 
mechanism. A timeout on any OMA cycle wiU cause an SB_ERR_ signal. 

A separate module monitors the number of Rerun Acknowledges that occur for a single 
attempted access. After 64 have occurred. it will generate an SB_ERR_ signal on IU read 
cycles or an IRQ_ signal on IU writes. 

Reset Generation 

Conditions causing SB_RESET_: 
POR_ (synchronized internally) 
IU asserts IU_ERROR_ due to multiple memory exceptions 
Low-to-high transition on RESET bit of System Enable Register. 

AIJ SB_RESET_ pulses are at least 512 clocks long. SB_RESET_ will be assened for 5i2 
clocks after POR_ is negated. 
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Address Map 

Device Space and Control Space 

The SPARC address space identifiers are divided into two "spaces" according to the 

following table: The signal DEVSPC_ chooses between device space and control space 
address maps. Device space devices are accessed with physical addresses provided by 
the MMU, while control space devices are accessed with virtual addresses on the SBus. 

ASI Function Space 

0-1 Reserved Control 

2 IU Extensions Control 

3 Segment Map Control 

4 Page Map Control 

5-7 Reserved Control 

8 User Instruction Device 

9 Supervisor Instr. Device 

A User Data Device 

8 Supervisor Data Device 

c Segment Flush Control 

D Page Flush Control 

E Context Flush Control 

F Reserved Control 
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IU Extension Address Map 

The IU Extensions are accessed with ASl(2:0) == 2 and JU_A(31 :28) as shown in the 
following table. 

iu_a (31: 28) Device 

0-2 Reserved 

3 Context Register 

4 System Enable Register 

5 Reserved 

6 Bus Error Registers 

7 Reserved 

a Cache Tags 

9 Cache Data 

A-C Unused 

D Reserved 

E VME Interrupt Acknowledge 

F Serial Controller Chip (MMU Bypass) 

CTL(2:0) Encoding 

Addresses for Control Space devices external to the S4-Cache chip are uniquely encoded 
on CTL(2:0) as shown in the following table. This minimizes the number of wires reQuired 
to communicate with these devices. 

ctl (2 :0) Device 

0 Device on 54-Cache Chip 

1 VME Interrupt Acknowledge 

2 Context Register 

3 Diagnostic Register 

4 Serial Controller Chip (MMU Bypass) 

5 Segment Map 

6 Page Map 

7 EPROM {Boot Cycle, Supv. Instr. Fetch) 
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Registers 

Shadow Context Register 

The Shadow ConteX't Register maintains a copy of the Context Register that is found in the 
54-MMU chip. It is used internally to the S4-Cache chip in the cache hit comparator. the 
cache flush comparator, and the cache tag write data. It is cleared on SB RESET and - -
written simulteneousty with the Context Register in the S4_MMU chip. It can be read only 
with 8-bit operations on an odd-byte location. The bits are assigned as tallows: 

Write: 

Read 

0(31 :28) 
0(27:24) 

0(23:20) 
0(19:16) 

Unused 
CID(3:0) 

Unused 
CID(3:0} 

System Enable Register 

Read back as zeroes 
Write Only 

Read back as zeroes 
Read Only 

The System Enable Register enables various system functions and allows booting. This 
register can be read and written under software control. but can only be accessed with 

8-bit operations. All bits are initialized to zero by SB_RESET _. Bits are assigned as 
follows: 

0(31) EN BOOT - -
0(30) Unused 
0(29) EN.OVMA 
0(28) EN CACHE -
0(27) Reserved 
0(26) SWRESET 
0(25) Reserved 
0(24) Reserved 

Enable Boot State 

Enable Direct Virtual Memory Access 
Enable Cache Fills & Hits 

Software Reset. 

Reads back as zero. Write has no effect. 

EN_BOOT _. Boot state (active low) forces all supervisor program fetches to the EPROM 
device independent of the setting of the memory management. All other types of 
references are unaffected and will be mapped as during normal operation of the 
processor. 
EN_DVMA. This bit enables all DVMA, including on-board and off-board. 
EN_CACHE. When this bit is cleared, no cache fills will be performed and all IU reads will 
miss. 
SWRESET. A low-to-high transition on this bit win generate a SB_RESET_. 

BUS ERROR REGISTERS 

Four bus error registers are contained 
addresses: 

in the 54-Csche chip, located at the following 

Ox6000 0000 
Ox6000 0004 
Ox6000 0008 
Ox6000 OOOC 

S4-Cache 7118188 

Synchronous Error Register 
Synhronous Error Virtual Address Register 
Asynchronous Error Register 
Asynchronous Error Virtual Address Register 

Sun Confidential Page 25 



Sun Mic:rosystems .· S4 Chip Set •·• S4-Cache 
... :· .·'.··::/~<::::.·.·:>::_:SurfSPARC(TM)" suWOrt Sys.tam; .. ' Preliminary 

Synchronous Error Register 

When a memory exception occurs during an IU Sbus cycle. the cause of the error is 
captureo 1n the Synchronous Error Register. The address is simultaneously captured in the 

Synchronous Error Virtual Address Register. No other bus cycles aJter the Synchronous 
Error Register, including DVMA cycles. Parity errors are reponed during the current cycle 
and so cause a memory exception instead of a high-level interrupt. The Bus Error Register 
contains the sum of all the errors that have occurred since it was last cleared. It is cleared 
upon being read, and on SB_RESET_. 

The bits are assigned as follows: 
0(31:16) 
0(15) 
0(14:8) 
0(7) 

D(6) 

0(5) 
0(4) 
0(3) 
0(2) 
0(1) 

0(0) 

Zeroes 
SE WRITE -
Zeroes 

1 =error during write cycle. 

SE_INVALID The MMU Valid bit was zero on a device space cycle 
SE PROTERR Protection Error -
SE TIMEOUT The bus timeout timer went off -
SE SBERR SBus Error -
SE_MEMERR Memory Error (parity or ECC) 
Zero 
SE SIZERR Size Error -
SE WATCHDOG The IU asserted IU ERROR and was restarted - -

Synchronous Error Virtual Address Register 

The Synchronous Error Vinual Address Register stores the 32-bit virtual address of a bus 
cycle that causes a memory exception. It will latch the first error that occurs and will stay 
latched until it is read. It is a RIW register. cleared on SB_RESET_ and when read. 

Asynchronous Error Register 

The Asynchronous Error Register records the cause of the first level 15 interrupt received 
since last time the AER was read. It is unlatched upon being read, and cleared on 
SB RESET • -
The bits are assigned as follows: 

0(31:8} 
0(7) 
D(6) 
0(5) 
0(4) 
0(3:0) 

Undefined 
ASE_ WBACKERR 
Zero 
ASE TIMEOUT -
ASE OVMAERR -
Zeroes 

Asynchronous Error Virtual Address Register 

1=Valid bit was zero in page map. 

1 =Non-existent device was accessed. 
1 =SBus error during OVMA access. 

The Asynchronous Error Vinual Address Register latches the 32-bit address of the first 
asynchronous error that occurs since the last time the AEVAR was read. It is unlatched 
upon being read. and cleared on SB_RESET_. For errors that occur during DVMA. bits 
31 : 30 are copies of bit 29. 
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Cache Tags 

The cache tags are directly readable and writable in control space. Write cycles must be 
performed with 32-bit accesses only. Other widths during writes will cause a Size Error 

Memory Exception because the S4-Cache chip includes a byte packin·g register that 
demultiplexes the 8-bit 100 bus up to the 32-bit cache tag bus, and it can only operate 
four bytes at at time. The cache tags are not initialized in hardware. and so zeroes must 
be written to all CT_ V bits before the cache is enabled. Cache tag direct reads make use 
of the standard byte-packing feature of the S4 chip set described earlier. The following 
diagram shows the operation of the cache tag byte packing register in the S4-Cache chip 
on a cache tag direct write: 

elk 

iu shol~------------------------------------------------------... -
sb as .. I --~'-;;.: ...... ·:·:II .. :;-:: ..... ·1 _____ .. f_:> -.. l .. f:_ .. : .. 1 _____ ... 1_ ...... I l .. ·::_: .. · .. -1 ___ .. l .... J - -
sb rd -
devspcl_ I I 

iod (7:0) I·.:· J [ ....... 1 I ] l J I I 

sb ack8 ' ' f ~:- I f.:":)':) [.:::.:: - - I 1>=~:::1 1-.·· J J:::::::: .. J ....... 1-:.- I 

sb_a(1 Xi) """ I I ,.. . I I u;• I : . I ~ ~ I I 

ct we - -

The format of the cache tags is as fallows: 

0(31:26) 
0(25:22) 
0(21) 
0(20) 
0(19) 
0(18:16} 

0(15:2) 

S4-Cache 7118188 

CT C(3:0) -
CT WA -
CT S -
CT_V 

CT A(29: 16) -

Unused 
Cache Tag Context bits 
Write Allowed 
Supervisor-only access protection bit 
Cache Tag Valid 
Unused 
Virtual address bits A(29: 16) 
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Cache Data 

The cache data is also directly readable and writable in control space. Because the cache 
data RAMs directly drive the IU data bus. the data does not pass through the 54-Buffer 
chip as it does for all other types of accesses. A Cache Data Control Space Read must 

not be immediately followed by a write cycle of any type. The following diagrams show a 
direct read and a direct write of the cache data RAMs . 

I f ._ .. _. 
a 1 

'------· I I I I .. 1 _ __.1 elk 

sb as I I I I - -

iu shold I I I - -
ctl(2:0) .. I ________ _..1 __________ ..... 1 ____ _,J 

sb_rd .. I ________ __.) I I 

iu_d (31 :0) I I va 'c 

I I ' ' sb ack32 ' ' - -

iu mds I I I - -

4 
I 

0 
I f .. ..._._. I ( ............. 

1 
I I I I I I I elk 

sb as I I I I 
- -

iu shold I I I I - -
ctt(2:0) .. I _________ ._I ___________ .. 1 ____ _.I 

sb_rd .. 1 ____________ 1 ..... ____________________ _.t ______ I 

iu d(31:0} - < ..... --~<--------------------------------.-11111>-..__,> 
I ' ' I sb ack32 ' ' -

cd we 
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Timing Specifications 

Output Delays 

Conditions: VCC=4.75 to 5.25V. TA=O to +70C, Output Load=15 pF 

Symbol From To min max unit 

t1 elk high elk high 50 ns 

t2 elk iu al 34.4 ns -
t3 elk iu aoe 17 .8 ns - -
t4 elk iu mds 17., ns - -
t5 elk iu mexc 17.4 ns -
t6 elk iu mhold 16.3 ns - -

t7 elk sb a ( untransl.) 41.8 ns -
t8 erk sb_a (seg. map) 30.3 ns 
t9 elk sb ack32 24.4 ns - -
t10 elk sb ack8 24.4 ns - -
t1, elk sb as 27. 7 ns - -
t12 elk sb_bg_ 19.8 ns 

t13 elk sb err 26., ns - -
t14 elk sb merr 24.7 ns - -
t15 elk Sb rd 29 .1 ns -
t16 elk sb reset 23.0 ns - -
t17 elk sb siz 36.9 ns -
t18 elk car en 16. 7 ns - -
t19 elk cd oe 22.0 ns - -
t20 sb rd cd oe 16., ns - - - -
t21 iu rd cd oe , , .8 ns - - - -
t22 elk cdwe en , 5.6 ns - -
t23 elk ct a 33.7 ns -
t24 elk ct c 24.9 ns -
t25 elk ct s - 24.7 ns 
t26 elk ct v 24.8 ns -
t27 Sb rd ct v 12 .5 ns - -
t28 elk ct wa - 24.7 ns 

t29 elk ctl 16.0 ns 

t30 elk ctwe en 18.2 ns - -
t31 elk devspc_ 16.8 ns 
t32 elk io d - 74.5 ns 
t33 sb a io d 41.0 ns - -
t34 elk user 17., ns 

t35 elk wb ce , 6.0 ns - -
t36 elk wb oe 16.4 ns - -
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Input Setup Requirements 

Conditions: VCC=4. 75 to 5. 25V, T A=O to + 70C. Output Load= 1 5 pF 

Symbol From To max unit 

t37 iu ah elk _,. 1 ns -
t38 iu al elk -1. 2 ns -
t39 iu asi elk , a.a ns -
t40 iu error elk 5.3 ns - -
t41 iu hal elk 5.3 ns - -
t41 iu ldst elk 9.5 ns -
t43 iu_nulcyc elk 0.6 ns 
t44 iu rd - elk 2.5 ns 
t45 iu siz elk 1 o.o ns -
t46 1u we elk , 1. 2 ns -
t47 Sb 8 - elk , o.s ns 
t48 sb aek elk 7.3 ns - -
t49 sb err elk 1 a.a ns - -
tSO sb merr-- elk 4.5 ns 
t51 Sb rd - elk 18.4 ns 

t52 ct a elk 9.7 ns -
t53 ct c elk 9.7 ns -
t54 Ct S - elk 3.3 ns 
t55 ct v elk 2.6 ns -
t56 ct wa elk 2.9 ns -
t57 io d elk , 0.6 ns -
t58 mmu_{s. typ, v ,w ,x} elk 5.5 ns 
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Sun .. Mi9rosyste111s=:~4 Chip Set S4-Cache 
. .:.;::.: Sun SPAAC(TM} Support System · ._ ... Preliminary 

Change History 

211188 

Sunray support--
Hardware Cache Consistency-­
SB ACK @' State 4---
Cache filling--

Cache Hit definition-­
Context Flush criteria-­
Table of Contents-­
Timing Specifications--

7/18/88 

Cleaned up errors everywhere ..... 
Timing-

Reruns-
Cache Hits-­
Cache Flushing--

Bus Error Registers-­
Cache Data--

Errata 

7/18/88 

OMA Timeouts: 

Removed. 
Removed. 
Removed restriction of no ACKs before state 5. 
Removed restriction to Type 0 Space. Added 
reQuirement of IMMU_X. 
Added term for write hits. 
Fixed bug in CT_ S polarity. 
Added. 
Added a few. 

Added many new timing specs. 
Used post-route timings. 
SB_AS_ is negated one clock later than prev. spec. 
Changed definition of cache hit on page 19. 
Removed notes about flushes before changing MMU. 
Modified timing diagrams: IU_SHOLD_ for 2 clocks. 
Added SER. SEVAR, AER. AEVAR definitions. 
Added restriction: no write after control space read. 

Timeouts that terminate OMA cycles will cause the TO_ERR bit in the Synchronous Error 
Register will be set incorrectly. 
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1. P/N: 100-1810-06 2. REV: 01 

3. DESCRIPTION: IC,GA,S4-CATCH 

4. PHYSICAL MODEL: (160 Pin PFP) 

A. Pinout: *Top 

1 - CTL.l 
2 - CTL.O 
3 - /POR 
4 - /CT S 
5 - /CT V 
6 - /CT WA 
7 - /CT A.29 
8 - /CT A.28 
9 - /CT A.27 

10 - /CT A.26 
11 - /CT A.25 
12 - /CT A.24 
13 - /CT A.23 
14 - /CT A.22 
15 - /CT A.21 
16 - /CT A.20 
17 - /CT A.19 
18 - /CT A.18 
19 - VDD 
20 - vss 
21 - CLKIN 
22 - /CT A.17 
23 - /CT A.16 
24 - /CT C.3 
25 - /CT C.2 
26 - /CT C.l 
27 - /CT C.0 
28 - /CAR /EN 
29 - /CDWE /EN 
30 - /CTWE /EN 
31 - /IU /ERROR 

View 

160 ** 150 ** 140 ** 121 

1 

* 
* 

20 
* 
* 

30 

* 
* 

I \ 
120 

* 
* 
100 
* 
* 
80 

* 
* 

40 
\ 

41 

81 
I 

** 60 ** 70 ** 80 

41 - /IU /HAL 81 - /IU /AL.15 
42 - /IU /ASI.2 82 - /IO /AL. 4 
43 - /IU /WE 83 - /IU /AL.1 
44 - /IU /SIZ.O 84 - /CE /OE 
45 - /IU /RD 85 - /SB /MERR 
46 - /IU /ASI.0 86 - /IU /NULCYC 
47 - /IU /ASI.l 87 - /SB /AS 
48 - /IU /AL.0 88 - /S4C /TEST 
49 - /IU /AL.12 89 - /S4C OE 
50 - /IU /AL.8 90 - IOD.0 
51 - /IU /AL.16 91 - IOD.l 
52 - /IO /AL.14 92 - /WB /CE 
53 - /IU /AL.3 93 - IOD.2 
54 - /IU /AL.11 94 - IOD.3 
55 - /IU /AL.7 95 - IOD.4 
56 - /IU /AL.6 96 - /WB /OE 
57 - /IU /AL.17 97 - IOD.5 
58 - /IU /A.23 98 - IOD.6 
59 - VDD 99 - IOD.7 
60 - vss 100 - VDD 
61 - /IU /A.22 101 - vss 
62 - /IO /A.31 102 - /SB /BG.2 
63 - /IU /A.19 103 - /SB RD 
64 - /IO /A.21 104 - /SB /BG.1 
65 - /IU /A.18 105 - /SB /SIZ.0 
66 - /IU /A.28 106 - /SB /SIZ.l 
67 - /IU /A.20 107 - /SB /BG.0 
68 - /IO /A.25 108 - /SB /SIZ.2 
69 - VSS 109 - /SB A.0 
70 - /IO /A.29 110 - /SB /ERR 
71 - /IU /A.30 111 - /SB A.1 

121 - /SB A.7 
122 - /SB A.8 
123 - /SB /RESET 
124 - /SB A.9 
125 - /SB A.10 
126 - /SB /BR.2 
127 - /SB A.11 
128 - /SB A.12 
129 - /SB /BR.1 
130 ·- /SB A.13 
131 - /SB A.14 
132 - vss 
133 - /SB A.15 
134 - /SB A.16 
135 - /SB A.17 
136 - /SB A.18 
137 - /SB A.19 
138 - /SB A.20 
139 - /SB A. 21 
140 - /SB /BR.0 
141 - VSS2 
142 - /SB A.22 
143 - /SB A.23 
144 - /SB A.24 
145 - /SB A.25 
146 - /SB A.26 
147 - /SB A.27 
148 - /SB A.28 
149 - /SB A.29 
150 - /DEVSPC 
151 - USER 



32 /IU /AOE 72 - /IU /A.24 112 - /SB A.2 152 - /MMU TY 
33 - /IU /MHOLD 73 - /IU /A.27 113 - /SB /ACK32 153 - /MMU TY 
34 - /IU /MD.3 74 - /IU /A.26 114 - /SB A. 3 154 - /MMU X 
35 - /IU /ASI.3 75 - /IU /AL.13 115 - /SB A. 4 155 - /MMU S 
36 - /IU /MEXC 76 - /IU /AL.5 116 - /SB /ACKB 156 - /MMU W 
37 - /IU /LDST 77 - /IU /AL.9 117 - /SB A.5 157 - /MMU V 
38 - /IO /SIZ.l 78 - /IU /AL.2 118 - /SB A. 6 158 - CTL.2 
39 - VDD 79 - /IU /AL.10 119 - VDD 159 - VDD 
40 - vss 80 - VDD 120 - vss 160 - VSS 



B. PIN DESCRIPTION: 
================ 

SYMBOL 
---~-,-. 

IU INTERFACE 
-------------
/IU CLK 
/IU RD 
/IU /WR 
/IU SIZ(l:O) 
/IU /ERROR 
/IU NULCYC 

IU /HAL 
/IU IDST 
/IU ASI(3:0) 
/IU AH(31:18) 
/IU AL(l7:0) 
/IU /SHOLD 
/IU /MDS 
/IU /MEXC 
/IU /AOE 
/POR 

SBUS INTERFACE ____________ __._ 

/SB /AS 
/SB /BR(2:0) 
/SB /BG(2:0) 
/SB RD 
/SB SIZ(2:0) 
/SB A(29:0) 
/SB /ACK8 
/SB /ACK32 
/SB /ERR 
/SB /MERR 
/SB /RESET 

MMU INTERFACE 

/MMU S 
/MMU WA 
/MMU X 
/MMU V 
/MMU TYP(l:O) 
/USER 
/DEVSPC 
CTL(2:0) 
!00(7:0) 

TYPE 

50 

DRVT8 
TLCHTU 
TLCHTU 
TLCHTU 
TLCHTNU 
TLCHTD 
TLCHTU 
TLCHTN 
TLCHTU 
TLCHTO 
BD4TU 
BTS 
BT4 
BT4 
BT4 
TLCHTNU 

46 

BT4 
TLCHTNU 
BT4 
BD4TU 
BT4TU 
BD4TU 
BDSTU 
BDBTU 
BD4TU 
BD8TO 
BT8 

19 

TLC HT 
TLC HT 
TLC HT 
TLC HT 
TLC HT 
BT4 
BT4 
BT4 
BD4TRU 

DESCRIPTION 
-----------~--

Integer Unit Clock 
Integer Unit Read 
Integer Unit Write 
Integer Unit Size 
Integer Unit Error 
Integer Unit Null Cycle 
Integer Unit Hold Address Low 
Integer Unit Lock 
Integer Unit Address Space Identifiers 
Integer Unit High Addresses 
Integer Unit Low Addresses 
Integer Unit Hold 
Integer Unit Memory Data Strobe 
Integer Unit Memory Exeption 
Integer Unit Address Output Enable 
Power-On Reset 

Address Strobe 
Schoolbus Bus Request 
Schoolbus Bus Grant 
Schoolbus Read 
Schoolbus Size 
Schoolbus Address Bus 
SBus 8-bit Acknowledge 
SBus 32-bit Acknowledge 
Schoolbus Error 
Schoolbus Memory Error 
SBus Reset 

MMU Supervisor Only protection bit 
MMU Write Allowed protection bit 
MMU Don't Catche bit 
MMU Valid bit 
MMU Type bits 
User-Mode Address Space Identifiers 
Device/Control Space 
Encoded Control space device IDs 
Input/Output Data Bus 



CATCHE INTERFACE 25 
---------------..-------

/CT A(29:0) 
/CT C(3:0) 
/CT S 
/CT V 
/CT WA 
/CTWE /EN 
/CDWE /EN 
/CD /OE 
/CAR /EN 

MISCELLANEOUS 

/WB /OE 
/WB /CE 
/S4C /OE 
/S4C /TEST 

BD4TU 
BD4TU 
BD4TU 
BD4TU 
BD4TU 
BT4 
BT4 
BT4 
BT4 

4 

BT4 
BT4 
TLCHTNU 
IBUFNU 

Cache Tag Address bits 
Catche Tag Context bits 
Cache Tag Supervisor 
Cache Tag Valid 
Cache Tag Write Allowed 
Cache Tag Write Enable Enable 
Cache Data Write Enable Enable 
Cache Data Output Enable 
Cache Address Register Clock Enable 

Write Buffer Output Enable 
Write Buffer Clock Enable 
S4-Cache Chip Output Enable 
54-Cache Chip Test mode 

INPUT/OUTPUT BUFFER DEFINITIONS: 

DRVCS 
IBUFNU 

TLC HT 
TLCHTU 

TLCHTNU 
BDf TU 

BDtTRU 

BTi 

Input Clock Driver 
Input Buffer, CMOS level, inverting, 
internal pullup. 
Input buffer, TTL level, non-inverting 
Input buffer, TTL level, non-inverting, 
internal pullup. 
Input buffer, TTL level, inverting 
Bidirectional buffer, TTL input levels, 
internal pullup, t indicates output drive. 
Bidirectional buffer, TTL input levels, 
internal pullup, slew-rate controlled output, 
t indicates output drive. 
Tri-statable output buffer, CMOS, # indicates 
drive current . 



5. DC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 100 pF) 
===~~==========~===================================================== 

I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITI NOTES I 
JMin JTyp JMax I I I 

----------------------------------------------.-.-----------------------_____________________ .....,. ___ ._,.. ___________________ ._,..._. _____________________ _ 
VIH I Input High Voltage 

I TTL Inputs 
I Temperature Range 
I CMOS Levels 

I I 
12.0 I 
I I 
f 3.5 I 

I 
I 
I 
I 

I I 
I v I 
I I 
I v I 

I 
I 
l 
r 

--~--------------~-~-~-----------------------~-------------~~~-~~--( 
VIL I Input Low Voltage 

I TTL Inputs 
I CMOS Levels 

I 
I 
I 

I I 
J0.8 I v 
Jl.5 I v 

r 

I 
I 

-------------------------------------------------------------------1 
VT+ I Schmitt-Trigger, Positive-goingl 13.0 14.0 I v 

I Threshold I I I I 
._.,---~~------------------~_. ... ~,_ _______________ ._._..._..__.,_ ______ i.-_.-. _____ __...__. ... _,__ 

VT- I Sclunitt-Trigger, Negative-goingll.O 11.5 I I V 
I Threshold I I I I 

--------------------------------.-,~-------------------..-.-------------------
VOH I Output High Voltage I I I 

I Type Bl 1 I I 1 
I Type B2 12.4 14.5 v I 2 
I Type B4 I I I 3 
I Type BS I 

' 
I 4,6 

I Type B12 I I I 5,7 
-~----------------------------------------------~----------,_---.-..-.---.-.--.---

VOL I Output Low Voltage I I I I 
I Type Bl I I 

' 
I v 8 

I Type B2 I 10.2 f 0.4 I v 9 
I Type B4 I I I I v 10 
I Type BS I I I I v 11,6 
I Type B12 I I I I v 12,7 

-~~-.-- .... ~--------------~--..-.-------------------------------------------,_,.-

I Hysteresis, Schiirnitt Trigger 11.0 11.s I I v I 13 
--------------------------------------------.... ------~--~--------------
II I Input Current, CMOS, TTL Inputsl-10 l+/-11 10 1 uA I 14 

I Inputs with Pulldown Resistors I 10 I 35 1120 I uA I 15 
I Inputs with Pullup Resistors 1-1001-30 I -8 I uA I 16 

________ i..- __________________________________ ,_,,_,_,._.-~.__.._.._. .... ~~------.---,---

IOS I Output Short Circuit Current 
I 

I 15 I 50 I 1301 mA I 17,21 
I -5 t-25 1-1001 mA I 18,21 ________ ,..,.. ____________________________________ ..._.~----~-~-.-.~-----~-i.-~-----

!OZ I 3-State Output Leakage Current 1-10 l+/-11 10 I uA I 19 
-------~--1911111--~------------- .... --~_.- .... ~,_- ... _~ ... -----.-..~----~------._.-.._. _____ ._,_, ___ _ 

IDD I Quiescent Supply Current IUser-Design Dependentl 20 
==========================~===================~~~==========.::================================= 



NOTES: 

1. !OH - -1.0 rnA 
2. IOH - -2.0 mA 
3. IOH - -4.0 mA 
4. IOH - -8.0 mA 
5. IOH - -12 mA 
6. Requires one output pad 
7. Requires two output pads 
8. IOL = 1 . 0 mA 
9. IOL - 2.0 mA 

10. IOL - 4.0 rnA 
11. IOL - 8.0 mA 
12. IOL - 12 mA 
13. VIL to VIH 

VIH to VIL 
14. VIN - VDD or vss 
15. VIN - VDD 
16. VIN = VSS 
17. VDD =Max, VO= VDD 
18. VDD - Max, VO = OV 
19. VOH - VSS or VDD 
20. VIN - VDD or VSS 
21. Type B4 output. Output short circuit current for other outputs will 

scale. Not more than one output may be shorted at a time for a 
maximum duration of one second. 



6. AC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 15 pF) 
================================================================= 

SYMBOL PARAMETER I LIMITS IUNITI 
I Min I Max I I _____ ..._,.._. _______________ ~ ..... ._.-------------------------------------.--.--------------------------------------------------------------------

I tl I From CLK High to CLK High I so I ns I 
1---------------------------------------------------------------1 

t2 I From CLK to /IU AL I 3 4 • 4 I ns I 
1---------------------------------------------------------------1 
I t3 I From CLK to /IU /AOE I 1 7. 8 I ns I 
(---------------------------------------------------------------

t4 I From CLK to /IU /MDS I 17.1 I ns 

!---------------------------------------------------------------
tS I From CLK to /IU /MEXC I 1 7. 4 l ns 

1---------------------------------------------------------------
t6 I From CLK to /IU /MHOLD I 16.3 I ns 

1---------------------------------------------------------------
t7 I From CLK to /SB A (untransl.) I 41. 8 I ns 

------~------------------._.---------------------------~---- ... - .... ____ _ 
t8 I From CLK to /SB A (seg. map} I 30.3 I ns 

---~.-.----------------------~----.-ii---~---------.-.-.----------------._.---------
t9 I From CLK to /SB /ACK32 I 2 4. 4 I ns 

.-~-.-----..-.~---.-------------.-..------------.-.------ ..... ---------~----------_.-
tlO I From CLK to /SB /ACK8 I 2 4. 4 I ns 

------------------------..------~--~---------~--.-..----------------------
tll I From CLK to /SB /AS I 2 7 . 7 I ns 

------------------------------------------~--~~-----------.,.,-----------
t12 I From CLK to /SB /BG I 19. 8 I ns ____ _. __ .... __ ~_.,_,._., _______ ,_~---~--~--~------..---------------------,_.------
tl3 I From CLK to /SB /ERR I 26.1 I ns 

--~------------------------------------------------------------
t14 I From CLK to /SB /MERR I 2 4 • 7 I ns 

~---.--------------------------------~----.------~-------~--------
tlS I From CLK to /SB RD I 29.1 I ns 

-------------------------------------.---~------._ ________ ,__,~~,-.---~-~--
t16 I From CLK to /SB /RESET I 23.0 I ns 

--~-~---------------..,~~----------------------------.---------------------
tl7 I From CLK to /SB SIZ I 36.9 I ns 

1---------------------------------------------------------------
t18 I From CLK to /CAR /EN I 16.7 I ns 

_______________ ._~-------------------------------------------~---
t19 I From CLK to /CD /OE I 22.0 I ns 

----~------.._. ______ ._. ______ ~------------------------------------------
t20 I From /SB /RD to /CD /OE I 16.1 I ns 

---.-.~~ ..... ----~~-~------------~--------~---------------._ _______________ _ 
t21 I From /IU /RD to /CD /OE I 11.8 I ns 

--------~------------------.---..------.-~-.-.------------------~-~---,_--
t22 I From CLK to /CDWE /EN I 15.6 I ns 

----..-.-------~----.-.~------,_,---~--~----~---------------------------,_, ____ _ 
t23 I From CLK to /CT A I 33.7 I ns 

----------------------------------,...--~------~--._, _____________ ..., _____ .__ 

t24 I From CLK to /CT C I 24.9 I ns 
_._. _______________________________ ._ ___ ._,_.__~,_--~-----------------._. __ 

t25 I From From CLK to /CT S I 24.7 I ns 



8. CAPACITANCE: 
=======================~=======================~================== 

I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITI 
I Min I Max I I 

========================~====================~~=================== 

I CIN I Input Capacitance I pF I 
)----------------------------------------------------------------) 
I COOT I Output Capacitance I pF I 
==========~======================================================= 

9. TRUTH TABLE: N/A 

10. FUNCTIONAL TABLE: N/A 

11. OUTLINE DRAWING: N/A 

12. WAVEFORMS: N/A 

DATE: 1/10/89 

AUTHOR: PL 

------------------------------~----------------------------------------



1---------------------------------------------------------------1 
l t26 I From CLK to /CT V I 2 4 . 8 I ns I 
---------------------------------------------------------------1 

t27 I From /SB RD to /ST V J 12.5 I ns I 
---------------------------------------------------------------1 

t28 I From CLK to /CT WA I 2 4. 7 I ns I 
---------------------------------------------------------------1 

t29 I From CLK to CTL I 16.0 I ns 
---------------------.-.--~~---------------------.-,-..-----._.~-----~---

t30 I From CLK to /CTWE /EN I 18.2 I ns 
.. ._.,_.~~~.._.---~------------------ ... ~--------._~~------.----~--------------

t31 I From CLK to /DEVSPC I 16. 8 I ns 
~----.i~~,...~,_i,_..._....,._. __ ... ._ ________ ,...~_,_ ____ ._. _____ ,_,_- _________ ,_ ____________ _ 

t32 I From CLK to /IO D I 74.5 I ns 
____ ._. ____ ~_ ......... __._. __ ._.~,_..__...., __ ._ _ __.~--------------.-..-.~~---,_..----.----------

t33 I From /SB A to /IO D I 41.0 I ns 
-------------~--------------------._,----------~------------.------,_..-..~,._., 

t34 I From CLK to /USER I 17.1 I ns .... ----~----.__. ____________________ __.._~~--~---~-~------.~-.-._ ____________ _ 
t35 I From CLK to /WB /CE ' I 16.0 I ns 

---------~ ... .-.-------------------------------~-----.-- ..... --~-~---~-----
t36 I From CLK to /WB /OE I 16. 4 I ns .._.,_,_,_,_,__~ ______________ ..._. ____________________ ..,.. _______________________ _ 

--------------------~.--.-~-.--.-----------.-. ...... ._ ..... ..._.._. __ ..._ _____________________ _ 

.. 



7. AC OPERATING REQUIREMENTS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 15 pF} 
-----------------------------================================~=== -----------------------------

SYMBOL PARAMETER I LIMITS IUNITf 
I Min I Max I I 

=~==========================~==================================== 

t37 I From /IU AH to CLK I -1.1 I I ns I 
I -----~-~----~------------------~-----( ------~-------------------

t 38 I From /IU AL to CLK I -1.2 I I ns I 
------~,_,__,_ _______ ..._.._. _____ _ 

I -------~~~---------------------~--~----
t39 I From /IU ASI to CLK I 10.0 I I ns _____ .,_,._, ______________ _ 

I ----~------~------------------------------
t40 I From /IU /ERROR to CLK I 5. 3 I I ns _______ ._..,___ __ ~--------I ------~-----~~----------------------~~--~-~-

t41 I From /IU /HAL to CLK I 5.3 I ns 
--~-~~---~--------~----~~-~---~------------~------~-~--~----~--

t42 I From /IO LDST to CLK I 9.5 I I ns 
--------~--~------------~-~---~-~------~-~---~-~~~-~~-~~--~~~--

t43 I From /IU NULCYC to CLK I 0.6 I ns 
------------~~--~-~------~--~----~~---------~~~-~-~------~~~~~~ 

t44 I From /IU RD to CLK I 2.5 I ns 
--------------~---~----------~~~---------------~--------~------

t45 I From /IU SIZ to CLK I 10.0 I I ns 
-------~----------~-~~~----~~----------~----------------------~ 

t46 I From /IU WE to CLK I 11.2 I I ns 
------~--------~----------------.------,....~-----------,_ ____________ _ 

t47 I From /SB A to CLK I 10.5 I I ns I 
---------------------------------------------------------------! 

t48 I From /SB /ACK to CLK I 7.3 I ns I 
---------------------------------------------------------------1 

t49 I From /SB /ERR to CLK I 10.8 I I ns I 
---------------------------------------------------------------( 

tSO I From /SB /MERR to CLK I 4.5 I I ns I 
---------------------------------------------------------------1 

t51 I From /SB /RD to CLK I 18.4 I I ns 1. 
---------------------------------------------------------------1 

t52 I From /CT A to CLK I 9.7 I ns I 
________________ _.----------------------------------------~------------

t53 I From /CT C to CLK I 9.7 I ns I 
---------------------------------------------------------------( 

t54 I From /CT S to CLK I 3.3 I ns I 
---------------------------------------------------------------1 

tSS I From /CT V to CLK 1 2.6 I ns I 
---------------------------------------------------------------( 

t56 I From /CT WA to CLK I 2.9 I I ns I 
---------------------------------------------------------------1 

t57 I From /IO D to CLK I 10.6 I . I ns I 
---------------------------------------------------------------1 

t58 I From /MMU {s,typ,v,w,x) to CLK I 5.5 I I ns I 
=================================================~=============== 



Features 

• 
• 
• 

Generates all system clocks 
Generates critical write strobes 
Generates serial controller clock 

·.·. 

.. 

• Generates ref rash clock and periodic interrupt clock 

iu_type 

System 
Clock D 

Serial 
Clock 

car en - -
iu hal - -
ctwe en -
cdwe en -
sb_a(1 :0) 

sb_siz(2:0) 

iu we - -
iu mhold - -

bgO_ 
bg1_ 

bg2_ 

-1. 

D 

54-Clock 6128188 

:-: :~:~·~·:. ~.=::~ :: :::~:::~: ~::? 
-:-:-:7·.:.·:<:>:;::;:::::~::.: 

Sun Confidential 

S4-Clock 
Preliminary 

clk(2:0) 

iu elk (3·1) -
fu elk 

car elk -
cd we(3:0) - -
ct we - -

sclk4 

le 

oe -
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S,un Micro~y§.t~ms.::$~_ Phip Set .·· 
· ·. · · : .· : <:· · .... ·sun SPARC (TM) Support' sY8tem ... ·. : · · .. 

54-Clock 

Pin Description 

Symbol Type 

s,·stem Clocks 2S .,, 

x.i,xo 
clk(2:0) 
iu clkl -
iu cl.k.2 -
fu elk -
car en - -
sb_a(l:O) 
sb_siz( 1 :0) 
ctwe en -
ct we - -
cdwe en -
cd_we(3:0)_ 
iu hal - -. 

-1u we - -
- iu mhold -

car elk -
iu_type 

Serial Clock 

OSCIM 
BT8 
BT8 
BTB 
BT8 
TLC HT 
TLCHTU 
TLCHTU 
TLC HT 
BTS 
TLCHT 
BT4 
TLC a~ 
TLC HS 
TLC HT 
BT8 
IBUF 

3 

Description 

Main cryStal oscillator 
System clock (3 outputs) 

Preliminary 

Integer Unit Clock 1 for LSI and FujitSU 
Integer Unit Clock2 for Fujitsu only 
Floating Point Unit Clock. positive 
Enable Car Clk 
S Bus Address Lines 
S Bus Size Bits 
Cache Tag Write Enable Enable 
Cache Tag Write Enable 
Cache Data Write Enable Enable 
Cache Data Write Enable 
Integer Unit Hold Address Low 
Integer Unit Write Enable 
Integer Unit MHOLDA 
Cache Address Register Clock 
Selects LSI Oow) or Fujitsu (high) timing 

xso.xsi 
sclk4 

OSCIM 
BT2 

Crystal Serial Clock Oscillator (nominal 19.6608 MHz) 
Serial Contoller Clock Out {to SCC crups) 

DMA Control Logic S 

bg(2:0)_ 
le 
oe -
Test Pins 

por_ 
para_ 

Signals 
VDD 
GND 

35 
4 

s 
Total Pins 44 

S4-Clock 6128188 

TLCHN 
BT8 
BT4 

2 

Bus grant signals from cache 
Latch enable 
Output Enable 

IBUFNU Low for chip test mode 
BDlCNU Parametric Test Output/Output Disable 

Package PLCC44 
Chip L~i.~9020 

Sun Confidential Page 2 



S4-Clock 
Preliminary 

Functional Description 

System Cf ock1 

The 54-Clock chip generates all system clocks required by either an LSI Logic ore Fujitsu 
implementation of the SUNRISE varient of the SUN SPARC IU. The LSI Logic version of the 

IU reQuires e single phase 50% duty cycle clock. The Fujitsu version requires 2 phase 
72-25% clocks. The clock chip reQuires a 2X cyrstar frequency for LSI applications and a 
4X crystal for Fujitsu applications. 

IU SYSICEM CLOCKS (LSI Logic Version) 

XO X1 X2 

XI I I I I I 
CLK I I I 

I I I IU CLK1 -

I I I FU CLK -

W SYSTEM CLOCKS (Fujitsu Version) 

XO X1 X2 X3 X4 

XI I I I I I l I I r I 
CU< I I I 

I I I IU CLK1 -
r I IU CLK2 I -

I I I FU CLK -

S4-Ctock 6128188 Sun Confidential Page 3 



S4-Clock 
Preliminary 

CAR CLK -
The signal CAR_CLK is used to clock the Cash Address Register. The rising edce of 
CAR CLK must be inhibited if IU HAL becomes active. However if IU HAL becomes active - - -
and CAR EN is also active. then the CAR CLK is not inhibited. - -

SUNRISE 

CLK 

CAR EN - -
IU HAL - -
CAR CU< -

SUNRISE 

CLK 

CAR EN - -
IU HAL - -
CAR CU< -

54-Clock 6128188 

CAR_CLK (CAR_EN_ Asserted) 

I I I I 

l I 

CAR_ CLK (CAR_EN_ De-asserted) 

I I I l 

vzzz:a VZZ21 
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VZZ/1 
I 
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54-Clock 
Pref iminary 

Cache Data and Cache Tag Write enable• 

The write enables for the Cache Data and Cache Tag rams are generated by the S4_Clock 
chip. The wave forms ere dependant on the final CLK wavefrom and are thus independent 
of the type of IU chip, Sunray or Sunrise. There should be no more than 3ns skew 
between the rising edge of CLK and the risinQ edge of CT_WE_. In the case of co_wE_. 
there should be no more than 3ns of skew between the CLK and CD_WE_ on either edge. 
CT_WE_ goes active immediately following CTWE_EN_ going active, and remains active 
until the second rising clock (CLK) edge following. CD_WE_ is controlled by CDWE_EN_. 
During single cycle writes. CD_WE_goes active synchronus with the CLK signal going low. 
and returns inactive with the next positive transition on CLK. Multiple cycle writes are 
achieved by keeping tne CDWE_EN_ signal assened through the end of a clock cycle. In 
this case the CD_WE_ signal will go inactive for one half of the clock period and return 
active at the beginning of the next cycle. This pattern repeats until the CDEN_EN_ signal 
is de-assened. 

CACHE TAG \\'RITE ENABLE 

CLK I I r l I I 
CTWE EN vz ~ T11 - - 1 1 
CT WE T1~ ~ - -
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S4-Clock 
Prefiminary 

CACHE DATA \\IDTE ENABLE (Single C)·cle, cd_~·e controlled) 

CLK I I I I ~14 I I 
COWE EN ~ V--1 - -

l j_ 
CD WE ' ~ T13 - T12 -

CACHE DATA \\1UTE ENABLE (Single Cycle, iu_"·e_ controlled) 

CU< I I I l I l 
IU MHOLD - -
IU WE - -
co we - - T12 _____ ._.. T13 

CACHE DATA WRITE ENABLE (Single Cycle, iu_mhold_ cancel) 

CU< r I I I I I 
IU MHOLO - -
IU WE - -
CD WE - -
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S4-Clock 
Preliminary 

CACHE DATA \\lUTE ENABLE (Multiple Cycle, cd_\\·e_ controlled) 

CLK I I I I I ;,14 
CDWE EN ~ 0 - -

i ] 
I r CD WE ~ "' - - T12 T13 

DMA Control Logic 

The S4-Clock chip generates the appropriate control signals to control a data Latch for 
OMA devices. Data bus signals from OMA devices are fed into a 32 bit wide latch. The 
clock chip monitors the bus grant signals (bg (2:0)_) and generates a latch enable (le) 
and output enable (oe_J signal accordingly. 

CLK I I I I I J I I I 
BGx -
OE - T15 T17 

LE <:::::_....__.....,. \ T1 6 
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S4-Clock 
Preliminary 

Byte Write• to Cache Data 

There are actually 4 CD_ WE_ output pins. This is done to allow writing individual bytes to 
the cache. Which of the four CD_ WE_ signals go active on a panicular write cycle is 
determined by the SB_SJZ(2:0) and SB_A{1 :0) pins. The decoding of the signals is as 

follows: 

SB SIZ -
1 0 

0 0 
0 0 
0 0 
0 0 

0 1 
0 1 
0 1 
0 , 
1 0 , 0 
1 0 , 0 

1 1 
1 1 
1 1 
1 1 

Serial Clock 

CACHE BYTE \\lrrf'E DECODE 

SB A -
1 0 

0 0 
0 1 
1 0 
1 1 

0 0 
0 1 , 0 
1 , 
0 0 
0 1 
1 0 
1 1 

0 0 
0 1 
1 0 
1 1 

CO WE - -
0 1 2 3 

x x x x 
x x x 

x x 
x 

x 
x 

x 
x 

x x 
x x 

x x 
x 

x x x 
x x x 

x x 
x 

An X indicates that the signal is active 
during a write cycle. 

The S4_Clock chip also generates the serial controller clock. The nominal serial clock 
crystal is 1_9.6608 MHz and the SCLK4 output drives the SCC at 4.9152 MHz. 

Test Pins 

There are two dedicated test pins which are used in combination with other pins to 
enhance testing of the design. These two pins are TEST and PARA . When the TEST - - -

54-Clock 6128188 Sun Confidential Page 8 
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S4-Clock 

pin is inactive. the pin PARA_ acts as an input to force all output pins (except the crystal 

pins) into a tri-state mode. 

When the TEST pin is active. several other pins ere used in conjunction with TEST pin to - -
aid in the testing of the part. Bringing the SUNRAY pin active while the TEST_ pin is active 
will cause all of the oscillator logic associated with the system clocks. tclks and sclks to 
reset. The SB SIZ( 1 :0) pins are used in conjunction with the TEST pin to force the divide - -
by 1 OOK divider into special count modes which allow the counter to be tested more 

easily. 

Additionally when the TEST_ pin is active. the pin PARA_ acts as en output which reftects 
the state of the parametric nand tree imbeded into all inputs (with the exception of the 

crystal input pins) of the chip. 
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S4-Clock 
Preliminary 

Timing Specifications 

Conditions: VCC=4. 75 to 5. 25 v, T A=O to + 70C. Output Load= 1 5 pF except: 
cd_we (3:0) 20pf 

ct_ we 4Qpf 

le 50pf 
oe SO pf 

Symbol From To min max unit 

t1 xclk high xclk high+1 10 --- ns 
t2 xclk high xclk low 3 --- ns 
t3 xclk tow xclk high 3 --- ns 
t4 sclk high sclk high+1 50 --- ns 
t5 sclk high sclk low 20 -- ns 
t6 sclk 'ow sclk high 20 --- ns 
t7 tclk high tclk high+1 50 --- ns 
tS tclk high tclk low 20 --- ns 
t9 tcrk low tclk high 20 --- ns 

t10 ctwe en low ct we low 10 ns - - - -
t 1, elk high ct_we_ high -3 3 ns 
t12 elk low cd we low -3 3 ns - -
t13 elk high cd_we_ high -3 3 ns 
t14 ctwe en valid elk high tbd tbd ns - -
t15 elk high oe low -3 3 ns -
t16 elk high le low -3 3 ns 
t17 elk high oe_ high -3 3 ns 
t18 elk high le high -3 3 ns 

54-Clock 6128188 Sun Confidential Page 10 



Sun Microsystems 84 ·Chip Set .. · .· 
:.>.·_;.::·:: .. ·'?\;:; sUn .. sPARC(TMf Su~rt Systen'1 ::.:~~:\."::".-.·::::<' . 

.. . . . .· . .. . . .· .. 

S4-Clock 
Preliminary 

Change History 

Date 

12122187 
2/8/88 
2129188 
3/7/88 
5/13188 
6128188 

Change By 

First release A VB 
Corrected pin descriptions MWI 
Removed timer clock. added OMA control logic, went to 44 pins MWl 
Corrected Fujitsu clock timing per Fujitsu March 88 spec. MWI 
Added sb_size2, changed le_ out from 8T4 to BTS. rmv'd one GND MWI 
Added iu we and iu mhold MWI 

,.. --- - -
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1. P/N: 100-1809-04 2. REV: 01 

3. DESCRIPTION: IC,GA,S4-CLOCK 

4. PHYSICAL MODEL: (44 Pin PLCC) 

A. Pinout: *Top View 

44 ** 40 ** 37 ** 34 
I \ 

1 33 
* * 
* * 
4 29 
* * 
* * 
7 26 
* * 
* * 

11 23 
\ I 

12 ** 15 ** 18 ** 22 

1 - vss 12 - vss 23 - /CT /WE 34 - vss 
2 - 13 - CLK.0 24 - /CTWE /EN 35 - /C'AR /EN 
3 - XSI 14 - /POR 25 - /BG.0 36 - /CAR /CLU1 

4 - SCLK4 15 - /PARA 26 - /BG.l 37 - /IU /HAL 
5 - /IU /WE 16 - /CD /WE.0 27 - /BG.2 38 - LE 
6 - /SB SIZ.l 17 - /CD /WE.l 28 - CLK.2 39 - /OE 
7 - /SB SIZ.0 18 - /CD /WE.2 29 - /IU CLK.2 40 - /SB A.1 
8 - /IO TYPE 19 - /CD /WE.3 30 - /IU CLK.l 41 - /SB A. 0 
9 - CLK.l 20 - /CDWE /EN 31 - /FU CLK 42 -

10 - /IO /MHOLD 21 - vss 32 - vss 43 - XI 
11 - VDD 22 - VDD 33 - VDD 44 - VDD 



B. PIN DESCRIPTION: 
---------------------------------
SYMBOL 

SYSTEM CLOCKS ___________ ..., __ 

XI,XO 
CLK{2:0) 
/IU CLKl 

/IU CLK2 
/FU CLK 
/CAR /EN 
/SB A(l:O) 
/SB SIZ(l:O) 
/CTWE EN 
/CT /WE 
/CDWE EN 
/CD /WE(3:0) 
/IU /HAL 
/IU /WE 
/IU /MHOLD 
/CAR /CLK 
/IO TYPE 

SERIAL CLOCK 
-------------
XSO,XSI 

SCLK4 

TYPE 
----
25 

OSCIM 
BTS 
BTS 

BTS 
BTS 
TLC HT 
TLCHTU 
TLCHTU 
TLC HT 
BTS 
TLC HT 
BT4 
TLCHN 
TLCHN 
TLC HT 
BT8 
IBUF 

3 

OSCIM 

BT2 

OMA CONTROL LOGIC 5 
---------------~-.---

/BG(2:0) 
LE 
/OE 

TEST PINS 
~,...~-------

/POR 
/PAP.A 

TLCHN 
BT8 
BT4 

2 

IBOFNU 
BDlCNU 

DESCRIPTION ._. ____________ _ 

Main crystal osillator 
System Clock (3:0 outputs) 
Integer Unit Clock 1 for 
LSI and Fujitsu. 
Integer Unit Clock 2 for Fujitsu only 
Floating Point Unit Clock, positive 
Enable CAR CLK 
S Bus Address Lines 
S Bus Size Bits 
Catche Tag Write Enable Enable 
Catche Tag Write Enable 
Catche Data Write Enable Enable 
Catche Data Write Enable 
Integer Unit Hold Address Low 
Integer Unit Write Enable 
Integer Unit MHOLDA 
Catche Address Register Clock 
Selects LSI (Low) or 
Fujitsu (High) timing. 

Crystal Serial Clock Oscillator 
(nominal 19.6608 MHz) 
Serial Controller Clock Out 
(to sec chips) 

Bus Grant signals from catche 
Latch Enable 
Output Enable 

Low for chip test mode 
Parametric Test Output/Output Disabl 



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

5. DC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 100 pF) 
===================================================================== 
I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITI NOTES I 
(Min ITyp IMax I I I 

===================================================================== 
I VIH 
I 
I 
I 

I Input High Voltage 
I TTL Inputs 
I Temperature Range 
I CMOS Levels 

I I 
12.0 I 
I I 
13.5 I 

r 

I 
I 
I 

I I 
I v I 
I I 
I v I 

I 
I 
I 
I 

1-------------------------------------------------------------------1 
I VIL 
I 

I Input Low Voltage 
I TTL Inputs 

I I I 
10.8 I v I 
11.S I v I I I CMOS Levels 

(-------------------------------------------------------------------! 
I VT+ I Schmitt-Trigger, Positive-goingl 
I I Threshold I 

13.0 14.0 I v 
I I I 

!---------------------~~-~~~----------~~----~~-----~---~----~-------
I VT- I Schmitt-Trigger, Negative-goingll.O 11.S I I V I 

I Threshold I I I I l 
-----------~-----~------------~------.-.----------------------------------

VOH I Output High Voltage I I I I I 
I Type Bl I I I I I 1 

I Type B2 12.4 14.5 I I v I 2 
I Type B4 I I I I I 3 
I Type BS I I I I I 4,6 
I Type B12 I I I I I 5,7 _______ ._.._,-------------------~---~,_,,_.._ __ ~._,---~..-.-..~~.-.--- ... ~~----------------~ 

VOL I Output Low Voltage I I I I 
I Type Bl I I I I v 8 
I Type B2 I 10.2 10.4 I v 9 
I Type B4 I I I I v 10 
I Type BS I I I I v 11,6 
I Type Bl2 I I I I v 12,7 

-------~------~-----------------._--~-------~-~-,_..._..~------------tam.~----~ 

I Hysteresis, Schiimitt Trigger 11.0 11.5 I I v I 13 
---------------------------------------------------.-.----------------~ 
II I Input Current, CMOS, TTL Inputsl-10 l+/-11 10 I uA I 14 

I Inputs with Pulldown Resistors I 10 I 35 1120 I uA I 15 
I Inputs with Pullup Resistors 1-1001-30 I -8 I uA I 16 

----------------~--~-----------------------~~----~-.-..-.~~--------------.__,._,~ 
IOS I Output Short Circuit Current 

I 
I 15 I 50 I 1301 mA I 17,21 
I -5 1-25 1-1001 mA I 18,21 

-..-~.-,._-------.------~--------------------~------,-.--~~~~~~..-.~--~._, _______________ _ 
IOZ I 3-State Output Leakage Current 1-10 l+/-11 10 I uA I 19 ______ ._ _______________________________________________ ._.~-----~~-------~ 
IDD I Quiescent Supply Current IUser-Design Dependentl 20 

=========================================~================================= 



NOTES: 

1. 
2. 
3. 
4. 
5. 

!OH 
IOH 
IOH 
!OH 
!OH 

--
--
-
-
-

-1.0 rnA 
-2.0 mA 
-4.0 mA 
-8.0 mA 
-12 mA 

6. Requires one output pad 
7. Requires two output pads 
8. IOL - 1.0 mA 
9. IOL = 2.0 mA 

10. IOL = 4.0 mA 
11. IOL = 8.0 rnA 
12. IOL - 12 mA 
13. VIL to VIH 

VIH to VIL 
14. VIN = VDD or VSS 
15. VIN = VDD 
16. VIN - VSS 
17. VDD - Max, VO= VDD 
18. VDD - Max, VO = OV 
19. VOH ~ VSS or VDD 
20. VIN = VDD or VSS 
21. Type B4 output. Output short circuit current for other outputs will 

scale. Not more than one output may be shorted at a time for a 
maximum duration of one second. 

6. AC CHARACTERISTICS: 
(VCC ~ 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 100 pF) 
~================~========================================= 

I SYMBOL I 
I I 

PARAMETER I LIMITS 
IMin JMax 

IUNITI 
I I 

-===========================~~============c::~c:=================================== 

tTCT I TCLK Period I 40 I ns 
-~-~--~-----------------------------------~-----------------

tTCH I TCLK High Time I 17 I ns _____________ ._ ____________ ...,-~,_,~-~-------,-.-~--------------
tTCL I TCLK Low Time I 17 I I ns 
-----~----------------------------------------------------

I TCLK to Output Valid 1 I 20 I ns 
,_ _____ ~._._.. .... -~--~-----------------,_ ________________________ _ 

I TCLK to Output Invalid I 3 1 I ns 
-------~-----,_, ___ ,_.._~.._~-----------------------------~---~-------~ 

I Input Setup to Clock I 15 1 I ns 
--------. ... -------~-_.--~------------------~-.----~ ..... ----------------

I Input Hold Time to Clock I O I I ns 
s======================~================================================ 



7. AC OPERATING REQUIREMENTS* 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC) 
========================================================== 
I SYMBOL I 
I I 

P_ARAMETER I LIMITS IUNITI 
I Min J Max I I 

==============================================~=========== 

I tl I From XCLK High to XCLK High+ll 10 I ns I 
1--------------------------------------------------------1 

t2 I From XCLK High to XCLK Low I 3.0 I ns I 
--~~~------------~~~----~---~~---~~-~~~~----------------! 
t3 I From XCLK Low to XCLK High I 3.0 I ns I 

--------------------------------------------------------( 
t4 I From SCLK High to SCLK High+ll 50 I ns I 

--------------------------------------------------------( 
tS I From SCLK High to SCLK High I 20 r ns J 

____ _,._. ______ ._.~~----~~-------------------------~----------- ..... 
t6 I From SCLK Low to SCLK High I 20 I I ns 

---------~-------------------._. _ _. ___ ,_, ____ ._._.._._.._. ______ ._. _ _.~---.-. 
t7 I From TCLK High to TCLK High+ll 50 I ns 
--~--------.---~-------------~~~----.-----------------------~-

I t8 I From TCLK High to TCLK Low I 20 I I ns 
.-~---------------------------------~---------------------
t9 I From TCLK Low to TCLK High I 20 I I ns 

--~-,_,~---------------------------~-~,_,_,_, _______ ~.---------
tlO I From /CTWE /EN Low to 

I /CT /WE Low 
I 10 I ns 
I I ns ________________________________ ,..., __________ .., ____ ,.... ____________ _ 

tll I From CLK High to 
I /CT /WE High 

1-3.0 
I 

3. 0 I ns 
I ns 

.-.---------------------------~--- .... --------------------------
t12 I From CLK Low to /CD /WE Low 1-3.0 I 3.0 I ns 

-------------------~-----.-..-.---- ... --,-..---~---.--~-------~---._. _______ _ 
tl3 I From CLK High to /CD /WE Highl-3.0 I 3.0 I ns 

_____ ._._~--.._..--.~------.--------------------------------------
I tl4 I From /CTWE /EN Valid to 
I I CLK High 

ITBD 
I 

I TBD I ns 
I I 

1--------------------------------------------------------
I tlS I From CLK High to /OE Low 1-3.0 I 3.0 I ns 
(--------------------------------------------------------
I t16 I From CLK Hiqh to LE Low 1-3.0 3.0 I ns 
!--------------------------------------------------------
I t17 I From CLK High to /OE High I -3. O I 3. O I ns 
1--------------------------------------------------------
I t18 I From CLK High to LE High I -3 • O I 3. O I ns 
c::====================~====--========z::::::==================================== 

* Output Load = 15 pF except: 
/CD WE(3:0) 20 pF 
/CT WE 40 pF 
LE 50 pF 
/OE 50 pF 



8. CAPACITANCE: 
=====================~====~~===============================~====== 

I SYMBOL I 
I I 

PARAMETER I LIMITS 
I Min I Max 

JUNITI 
I I 

===================================~=========================~==== 

I CI/O I Input/Output Capacitance per Slot 2 0 t pF I 
1----------------------------------------------------------------1 
I CLS I Maximum Capacitance Load per System I 100 I pF I 
==========================~~====================================== 

9. TRUTH TABLE: N/A 

10. FUNCTIONAL TABLE: N/A 

11. OUTLINE DRAWING: N/A 

12. WAVEFORMS: N/A 

DATE: 1/05/89 

AUTHOR: PL 





S4-DMA 

Features 

• Single chip interface between Ethernet ( LANCE ) , SCSI ( ESP ) and Sb us 
• Handles 32 bit packing and unpacking 
• Generic support for 8 bit peripherals 
• Supports externally programmable Sbus ID 
• Low cost 120PFP package 

io_a(1) 

~-~intr 

reset 

io a(5:2) -

S4-Dl\·1A 11/2/8 8 

id cs - -

Sun Confidential 

sb_d(31 :0) 
Sb br - -
sb_bg_ 
sb ack32 - -
sb ackB - -
sb reset - -
sb err - -
sb rnerr - -
Sb elk -
sb rd -
sb sel - -
sb_irq_ 
sb_siz(2:0) 
sb as - -
pa(X:Y) 
pa(3:1) 

test 

od_/par _tst_ 

fast/slow -
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S4-DMA 

1.0 Pin Description 

Name Type Description 

~-------------------..- ~-._._. ____ ._ ___ ,__, ___________________ ._. ______________________________ ~-
Bus Interface 51 

sb_d(31 :0) BD4TU 
sb br BT4 - -
sb_bg_ TLCHTU 
sb ack32 BD4TNU - -
sb ack8 BD4TNU - -
sb reset TLCHTU - -
sb err 804TNU - -
sb merr TLCHTU - -
sb elk DRVC16 -
Sb rd BD4TU -
sb sel TLCHTU - -
sb_irq_ BD4TOD 
sb_siz(2:0) 804TU 
sb as TLCHTU - -
pa(X:Y) TLCHTU 
pa(3: 1) TLCHTU 

Ethernet Interface 32 

e as - -
e hold - -
e hlda - -
e read -
e das - -
e_rdy_ 
e cs - -
e_byte 
e a23:16 -
e ad15:0 -

TLCHTD 
TLCHTU 
BT4 
BD4TU 
BD4TU 
BD4TU 
BT4 
TLCHTU 
TLCHTD 
804TU 

OMA lnterf ace 16 

d d7:0 BD4TD -
d_req TLC HT 
d ack BT4 - -
d rd BT4 - -
d wr BT4 - -
d cs BT4 - -
d_irq_ TLCHTU 
d_reset BT4 

S4-DMA 11/2/88 

Sbus Data Bus 
Sbus Bus Request 
Sbus Bus Grant 
Sbus 32bit Acknowledge 
Sbus Sbit Acknowledge 
Sbus Reset 
Sbus Error 
Sbus Memory Error (INT15) 
Sbus Clock input 
Sbus Read/Write 
Sbus Select 
Interrupt Request (open-drain) 
Sbus transfer Size 
Address strobe (addr is valid) 
Physical Address lines (for slave decodes) 
Physical Address bits 

Ethernet Address Strobe 
Ethernet Hold 
Ethernet Hold Acknowledge 
Ethernet Read 
Ethernet Data Strobe 
Ethernet Ready 
Ethernet Chip Select 
Ethernet Byte marker 
Ethernet High Order Address 
Ethernet Address I Data Bus 

OMA Data Bus 
OMA Request 
OMA Acknowledge 
OMA Read Strobe. (reg read or dma to memory). 
OMA Write Strobe. (reg write or dma from memory). 
OMA Chip Select for slave register access. 
DMA Interrupt Request 
OMA Reset 

Sun Confidential Pace 3 -

.. 



id cs BD4T 

Miscellaneous 4 

Name 

fast/sf ow -

test -

od tst 

Type 

TLCHTU 

IBUFU 

BT4 

. ,· ·.· ·.·,·.·.·.-.· .. • .-

S4-DMA 

Secondary Device Select (boot prom) output 
Strap high to specify existence of external prom 

Description 

fast or slow OMA acknowledge cycles 
(For use with ESP SCSI controller 
fast mode should be used - internal pull up means 
this requires no external connection for fast mode). 

Test control. When low enables parametric test 
output and disables all tri-state drivers. When high 
disables parametric test output. 

parametric test output 

-- -- - F ---....-.------- ~---.~-.----·--------·--- _._ __________ .. ____ ,__ ----

Signals: 1 03 
VDD: 6 
VSS: 11 
TOTAL: i20 

Part: LMA9191 
Package: PFP120 

-------------------....-----------------------------·----------·-------------------- ---·----
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S4-DMA 

1.1 BLOCK DIAGRAM 

The S4-DMA gatearray provides three independent functions; 

1 • Sbus Identification 
2. Ethernet Interface to the Sbus 
3. Sb us DMA Channel 

NVA OUT E 
SB_PA( ... ) - -

~ ADDRESS .L 

MREQ E /7 
32 LANCE - DECODE 

~ 
~ 

~ INTERFACE DATA OUT E 7 - -
DATA IN 

~ 

BR -

SBUS 

~ ARBITRATION 

BG -
~ .. ~ 

MISC 

-~ L ~ 14 
. 

MREQ_D 

16 OMA 
INTERFACE 

~ L ~ (8-BIT) NVA OUT D -'-7 - -
DATA OUT 0 

.__, s a_oeus 
- - .__, MUX ~'-

CSR __, v 7 
ADDA CNT t32 BYTE-CNT __, -

.. 

~ DATA IN 
Q 

< 
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S4-DMA 

2.0 Sb us lnterf ace 

The S4-DMA gatearray provides both Slave cycle and Master cycle accesses over the Sbus. 

Devices which can be Masters on the Sbus include the Ethernet Controller and a device such as the 
ESP SCSI interface Controller. Master cycles can only access data in Type 0 Device Space. 
Address and Control registers in the S4-DMA gatearray, along with similar registers in both the Ether­
net Controller and the attached OMA device, can be accessed by the CPU via Slave cycles. 

2.1 Master Cycles 

To perform a Master Cycle the S4-DMA requests the use of the Sbus by asserting sb_br_, the bus 
request signal. On reception of sb_bg_, bus grant, the S4-DMA takes control of the Sbus to transfer 
data to or from memory, using the signals sb_d(31 :0), sb_read, sb_siz(2:0), sb_err, sb_ack8_ and 
sb_ack32_ . The address is multiplexed onto the sb_d bus for all accesses on the Sbus. 

All OMA reads from memory will be full word reads. OMA writes to memory can be either byte, 
half-word, or word sized. 

The SB us interface is capable of supporting reruns on OMA cycles. The requested OMA transfer will 
repeat until either it completes or an error indicator (sb_err _) is received. whereupon it will be 
aborted. 

2.2 Slave Cycles 

The CPU accesses registers in the S4-DMA chip and attached devices by the use of a geographical 
select signal on the Sbus. . . sb_sel_ , in conjunction with sb_as_. Within the geographical select the 
S4-DMA will decode the Physical address, (pa(X:Y)) in the following way: 

pa(X:Y) 

00 
01 
10 
1 1 

Addressed device 

Internal ID field (or external if id_cs_ is pulled high) 
On chip OMA registers 
OMA device registers (off-chip} 
Ethernet registers (off-chip) 

transfer size 

word 
word 
byte 
2 byte 

NOTE: Slave accesses to these registers must use the correct transfer size corresponding to the 
device being accessed. The S4-0MA gatearray will always respond with it's own port size i.e. with 
sb_ack32_, except when an offboard ID field is read whereupon the response will be via sb_ack8_. 
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S4-DMA 

During Slave Cycles the 54-DMA takes control of the sb_err. sb_ack8_ and sb_ack32_. signals. The 
combination of responses are as follows; 

sb ackB sb ack32 sb err Definition - - - - - -

1 1 1 insert wait states •• 

1 1 0 Error 
. 

1 0 1 32-bit port ack •• 

1 0 0 Error 

0 1 0 Rerun •• 

0 0 1 16-bit port ack 

0 1 1 8-bit port ack •• 

0 0 0 Reserved 

This table represents all possible SBus responses. The 54-DMA gate-array can, however, only 
generate those responses marked with a • • . 

3.0 Sb us ldentif ication 

This is a mechanism which allows software to uniquely identify each Sbus device, since each device 
can have a unique ID. 

Unique ID's wiJI be provided by Sun. The onboard id is hardwired to the 32-bit value fe810101. This 
value will be returned when the ID field is accessed by the IU (and the -id_ cs_ pin is tied low}. If the 
id_cs_ pin is pulled high then access to the ID field will cause an external access using the id_cs_ pin 
as a external chip select. Refer to Campus-1 Programmers Model for further details. 
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4.0 Ethernet lnterf ace 

The Ethernet Controller is the AMO AM7990 LANCE chip and the AM7992 Serial Interface Adapter. The 
LANCE connects directly to the S4-DMA, over unique Ethernet interface signals. The 54-DMA will 
provide all necessary buffering and arbitration functions to allow the Ethernet chip to access main 
memory, over the Sbus. (master cycle), and the CPU to access the Ethernet chip, (slave cycle). 
The $4-DMA Ethernet interface contains a 1 word (32bit) pack/unpack register with consistency con­
trol logic. Consistency control ensures that all data written by the Ethernet chip gets to main memory 

in a deterministic manner. 

The LANCE uses multiplexed address and data, so the 54-DMA demultiplexes them internally. The 
address supported by the LANCE is 24 bits: as per the SUN-4 Architectural Specification the upper 8 
bits of the 32 bit virtual address are driven to OxFF. The LANCE has a 16 bit data path which can 
accomodate 8 or 16 bit accesses, by the use of byte masking capabilities. 

Data packing and unpacking is used to reduce the bus bandwidth impact of LANCE transfers on the 
Schoolbus. The LANCE performs 2 distinct types of memory access; data transfer from or to the 
network, and descriptor access for buffer management control. A write to a descriptor will always be 
a single half-word memory access, reads of descriptors will always be single word memory accesses. 
Network data will be transferred to/from memory as single words, wherever possible, there are a few 
exceptions to this case. (i.e. leading or trailing word fragments ) . Network data is packed or un­
packed in the S4-DMA gatearray as a consequence of LANCE burst mode accesses. Burst mode is 
recognized when the LANCE keeps the e_hold_ signal asserted for more than 1 access cycle. It is 
guaranteed by AMD that burst mode accesses are always to contiguous memory locations. The 
LANCE will always do half-word data .transfers except in the case of word fragments trailing a packet 
or by byte mis-aligned memory transfers. 

When the LANCE is transferring data to memory it will be packed whenever possible, but in cases 
where the access is either not word aligned and there is no data buffered, or it is a single byte, then 
the S4-DMA will transfer the data to memory immediately. Data which is word aligned will be held 
pending the next sequential write, ( assuming it is part of the same burst transfer ) , whereupon the 
entire word will be transferred to memory. When a burst cycle ends any data remaining in the buffer 
will automatically be drained to memory. When there is data in the buffer, pending a sequential 
transfer, and that transfer turns out to be a byte write, the data in the buffer will be written to memory 
before the byte is written to the buff er and subsequently drained to memory. These rules ensure that 
no data is left in the pack buff er. 

When the LANCE requests a transfer f rem memory the S4-DMA will read the word which contains the 
half-word requested, regardless of it's alignment. The S4-DMA gatearray will steer the appropriate 
half-word to the LANCE. Whenever a read burst ends the data, if any, left in the read buffer is 
discarded. Every time a word boundary is crossed a new word is read from memory. 

Slave accesses to the LANCE registers will be completed with the sb_ack32_ signal, as defined in the 
Sbus specification. (see timing diagrams for Ethernet reads, writes, and slave accesses). 

Memory errors occurring during a LANCE access will be reported over the sb_err_ signal which will 
consequently disable e_rdy_ generation causing the LANCE to timeout. The LANCE will then post a 
memory error and interrupt the CPU. 

Access to registers on the LANCE is acheived. through the 54-DMA, using Slave Cycles. An address 
map is given below. 
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sb sel 
Register accessed Type - - pa(X:Y) io_a(1) Size & sb as - -

0 11 0 Register Data Port (ADP) 16-bit A/W 

0 11 1 Register Address Port (RAP) 16-bit R/W 

Once the 54-DMA has granted access of it's local bus to the LANCE, the CPU cannot access the 
LANCE until the pending cycles are completed. In order to remove the potential deadlock condition 
which results, the S4-DMA will cause a rerun according to the table on page 7. 

4.1 Ethernet lnterf ace Block Diagram 

0(31 :0) 

VA(31:00) 

(31 :O) 

VA(31 :24) 

(FF) 

VA(23:00) 

Ethernet 
Address Latch 

e as - -

e a23:16 -

S4-DMA 11/2/88 

Ethernet Data 
Pack/Un ack 

e ad15:0 -

Sun Confidential 

Control 

(31 :16) 
(15:00) Ethernet lnterf ace 

State Machine 

Sync 

e hold - -
e_byte 

e hlda -e cs 

e read 
e:rdy_ 
e das -
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5.0 OMA Channel Architecture 

The OMA channel is designed to interface specifically to the Emulex ESP SCSI controller chip. The 
54-DMA gatearray provides paths for the SCSI chip to transfer data to and from memory and for the 
CPU to access control and status registers on the SCSI chip. In order to support the OMA activity of 
the SCSI chip the gatearray contains a 24 bit address counter, and a 32 bit control/status register, 
aswell as a 24 bit byte counter which may be used for more generic control of future devices. The 
SCSI chip has a 16 bit transfer count, however the address counter supports a 24 bit count for future 
enhancements. 

The SCSI chip has an 8 bit data bus, so in order to reduce the impact on the Sbus bandwidth. all SCSI 
OMA transfers go through a 32 ·bit pack/unpack register. All Sbus transfers are 32 bit whenever 
possible. On SCSI to memory transfers data is packed into a 32 bit word such that one Sbus memory 
cycle is required for every four SCSI transfers. Leading fragments, bytes not word aligned, are trans­
ferred to memory as bytes until they become word aligned. Trailing fragments, bytes not filling a word 
must be drained to memory on command. The status/control register in the S4-DMA gatearray con­
tains commands for FLUSH, (set pack count to zero without a memory access}. and DRAIN, (write 
remaining bytes to memory then zero pack count). The pack count is available in the status register. 

Transfers from memory to the SCSI chip are completed as 32 bit reads from memory into the unpack 
register from where 4 consecutive bytes are unpacked and written to the SCSI chip. Every time the 
address crosses a word boundary a new word is read from memory, the address is increased by 4, 
and the pack count set to 3, (first byte consumed immediately) . The next 3 byte transfers to the SCSI 
chip will use the data from the unpaqk register. Each transfer will cause the pack count to be decre­
mented. Writing to the FLUSH bit in the control/status register, or writing a new address in the 
address counter will cause any data left in the unpack register to be marked invalid and a new memory 
access will be forced. 

All external OMA signals will be two-register synchronized to avoid metastability problems. 
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5. 1 OMA Interface Block Diagram 

VA(31 :00) 

(31:00) 

OMA ADDRESS 

BYTE COUNT 

(31 :00) 

OMA STATUS/ 

CONTROL REG 

d_irq_ 

-
d reset 

$4-DMA 11/2/88 

0(31 :00) 

(31 :00) 

DATA 
PACK/UNPACK 
REG 

d d7:0 -

Sun Confidential 

(31:24) 

S4-DMA 

Control 

OMA 
INTERFACE 
STATE 
MACHINE 

SYNC 

d cs - -
d ack -
d rd - -
d wr 

d_req 
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Access to control and status registers on the SCSI chip is acheived using the address map below . 

• Size Type io_a(5:0) Register 

0 Transfer Count Low 8-bit R/W 

4 Transfer Count High 8-bit R/W 

8 FIFO Data 8-bit R/W 

c Command 8-bit R/W 

10 Status/Bus ID 8-bit R/W 

14 Interrupt/Status Timeout 8-bit R/W 

18 Seq. step/Synch transfer period 8-bit R/W 

1C FIFO flags/Synch offset 8-bit R/W 

20 Configuration 8-bit R/W 

24 Clock Conversion Factor 8-bit W only 

28 ESP TEST (chip test use only) 8-bit R/W 

2C Configuration 2 (ESP-2 only) 8-bit R/W 

30-3C reserved -- --

• These addresses are external to the S4-DMA gate-array, however the gate-array does decode the 
appropriate higher order address bits and generate the chip select and read/write lines to the external 
device. 

5.2 Internal Registers •· 

pa(3:2) Register Size Type 

00 OMA Control/Status Register 32-bit R/W 

01 OMA Address Register 32-bit R/W 

10 OMA Byte Count • • 24-bit R/W 

11 Reserved for testing purposes 32-bit 

• • The OMA Byte Count is only used when enabled by bit13 in the OMA Control/Status Register. It is 

intended for use when the external peripheral does not contain it's own byte count for OMA operations. 
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5.3 OMA Control/Status Register Assignments (DMA_CSR) 

Bit Mnemonic Description Type 

0 INT PEND Set when d_irq_ or TC asserted. Reset when not R -
ERR PEND Set when mem. exc occurred OMA stopped 

R 1 - Reset on FLUSH command 

3:2 PACK CNT Number of bytes in Pack Register R -
4 INT EN When set enables d_irq_ state onto sb_irq_ R/W -
5 FLUSH When set causes PACK_CNT. ERR_PEND and TC w . 

to be reset. Reads as 0 

6 DRAIN When set causes remaining pack register bits 

to be drained to memory. PACK CNT = 00 R/W 

Clears itself 

7 • When set acts as a hardware reset. R/W RESET 

8 WRITE OMA direction; 1 = to memory 0 = from memory R/W 

When set allows the device to respond to 

9 EN OMA OMA device requests R/W 
-

When set the OMA i/f is active. 
10 REQ_PEND DO NOT assert RESET or FLUSH R 

12:11 BYTE ADDA NeXt byte number to be accessed. R -
When set enables the internal byte counter. 

13 EN CNT (not used with the ESP SCSI chip) R/W -
14 TC • • Terminal Count. Byte counter has expired A 

15 1LAcc· • • When set this bit instructs the ethernet interface R/W to act slightly_ differently - see note below 

27:14 -- - Reserved (all unused bits to read as 0) R .. 

31 :28 DEV ID Device ID (for this implementation = 1000) R -

• RESET 

POWER_ON RESET or RESET from bit 7 will leave the device in the following state: 
ERR PEND = PACK CNT = INT EN = FLUSH = DRAIN = WRITE = EN OMA = REQ PEND = EN CNT = TC = - - - - - -
0, RESET = 1. and BYTE_ADDR = 00. All interface state-machines will revert to their idle states. 
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,. • Terminal Count bit 14 will only be cleared by either sb_reset or a FLUSH command. It can only be 
set when a byte count makes a transition from 000001 to 000000 and the EN_CNT bit (13) is set in the 

OMA CSR. 

" •· * ILACC - This bit will normally be cleared to permit operation with the AM7990. but when set it will 
allow the 54-DMA gate-array to interface to the AM79C900. This is an unconfirmed option since the 
AM79C900 is not yet in production and hence its specification may change. 

5.4 OMA Address Counter (DMA_ADDR) 

Bit Mnemonic Description Type 

0(31:00) VA(31 :00} Virtual Address for OMA access R/W 

The value in this register after a RESET is indeterminate. 

The Address Counter is a 24-bit counter and an 8-bit register. The lower 3 bytes constitute the 
address count and the upper byte is the register. It is assumed that transfers will not cross a 16MB 
boundary. .· 

5.5 OMA Byte Counter (DMA_BCNT) 

Bit Mnemonic Description Type 

Byte Count counts down to 0 
0(23:0) BCNT(23:0) R/W 

(generates interrupt when 0 reached) 

The value in this register after a RESET is indeterminate. 

The most significant 8 bits read all 0. 
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5.6 Programming Notes 

The address counter always points at the next memory location to be accessed. When the direction of 

transfer is to memory the counter is incremented by the size of the write ( 1 or 4) upon completion of 
the transfer. When the direction of transfer is from memory the address is always incremented by 4, 
but the lower 2 bits are driven low such that all reads are word sized and word aligned. Byte alignment 
is done inside the gate-array. 

There is a 2-bit byte counter BYTE_ADDR that always points to the next byte location that the OMA 
device will access. This counter is incremented by 1 each time a byte is transferred between the 
external device and the gate-array. Note the byte counter is controlled by the OMA interlace whereas 
the address counter is controlled by the memory interface, hence the two may disagree. This byte 
counter is loaded at the same time the address is loaded and receives the two least significant bits of 

the address. 

Another 2-bit counter PACK_CNT keeps track of how many bytes are stored in the internal PACK 
register. Note this pack count is only valid for transfers to memory. Whenever the PACK_CNT= 3 and 
another byte is accepted, a word write is scheduled with the memory interface. If a OMA transfer 
completes leaving a non-word fragment in the PACK register, then this counter is used by the hard­
ware to determine how many bytes to write to memory when the DRAIN command is received. Both 
PACK_CNT and BYTE_ADDR can be read in the Control and Status Register (OMA_ CSR). 

If the driver desires to terminate a ··transfer, two control bits in the DMA_CSR can be used. The 
EN_DMA bit can be used to ignore new transfer requests from the DMA device when it is cleared. 
Memory accesses by the memory interface are unaffected by this bit. Th EN_DMA bit can be set or 
cleared at any time without affecting the state of a transfer currently in progress. The FLUSH bit is 
provided to clear the PACK_ CNT if the driver wishes to clean up the state of a transfer, without draining 
the packed data to memory. It is also used to clear the ERR_PEND indicator, allowing an error condi­
tion, which subsequently halts the OMA interface state machine, to be cleared cleanly. 

Th DRAIN bit will cause all packed data to be sent to memory. This is intended for use when a transfer 
completes and the data for transfer to memory does not fill the 32 bit word. It can also be used to 
leave a transfer in a clean state if a transfer is stopped via the EN_DMA bit, which may be restarted 
later. A DRAIN sequence will leave the address counter pointing to the byte address beyond the last 
byte or word written. Hence the address counter must be reloaded before the next transfer to properly 
set the BYTE ADDR. 

The DMA_CSR also contains a RESET bit which will generate an external reset signal and reset all OMA 
interface logic {state machines). It is vital the RESET and/or FLUSH bits are not set if any memory 
activity is still pending: a REQ_PEND bit is provided in the DMA_CSR to show the driver if the memory 
interface is active. If REQ_PEND is asserted the driver should poll it until it is deasserted. Similarly 
writing to the Address Counter. changing the WRITE bit in the OMA_ CSR, or writing the Byte Counter 
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when the REQ_PEND bit is set will cause unknown problems. 

Interrupts from the OMA device are visible as INT_PEND in the DMA_CSR. The INT_EN bit is provided 
to enable or disable the generation of an interrupt to the IU. If an error condition exists during a 
memory access, (this could be parity errors. protection errors, timeouts etc.). the ERR_PEND bit will 
be set. This will cause an interrupt (if enabled} to the IU. Similarly eexpiration of the Byte Counter 
when enabled will cause the INT PEND bit to be set an an interrupt generated. The ERR PEND bit can - -
only be cleared by a FLUSH command. 

If it is desired to restart a transfer which was terminated in the middle, the address counter will contain 
the correct address, if the direction of transfer was to memory and a DRAIN was done. The address 
counter must be reloaded with the address to set the correct internal state for mis-aligned restarts. If 
the transfer was from memory, the address will be correct. 

Use of Internal Byte Counter ( this function is not required on the Campus I Mother board) 

When using the internal Byte Counter and the TC flag in the DMA_CSR it is necessary to perform the 
foil owing procedure for correct operation, (Note: all the above mentioned functions still apply) . 

load OMA address into DMA ADDR -

Load Byte Count into DMA_BCNT 

Load Peripherat Device with relevant command (s) 

Load DMA_CSR with enables and direction bits (EN_DMA EN_CNT and WRITE) 

Data will be transferred as directed until the Byte Count expires. at which point the TC flag 
will be set in the DMA_CSR and an interrupt will be generated, if enabled. The Byte Counter will also 
be disabled at this time. Once the CPU has serviced the interrupt and wishes to start another OMA 
operation then it is necessary to proceed as follows; 

Issue FLUSH command and then repeat the above procedure. 

This time the action of writing to the DMA_BCNT will effectively re-enable it. 

(NOTE: the above procedure is not shown to suggest that this is the only possible way to use the 
device, merely as an example to show that the Byte Counter will remain locked until written to again). 
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6.0 Timing Diagrams 

sb elk -
I 

sb br - -

sb_bg_ 

sb_d(31 :0) 

(read) 

sb siz(2:0} -

I I 
I 

\1 
I I I I /..-.-1-------------,-------------------------

I I 

: I : 
I I I I SBus OMA READ Cycle 

-: -:-..( v~ )--------( p ,._ __________ _ 
I I I I 

__ , _____ , ~< I I >~----------------------------
( I ...._,---------------,_, 

sb rd -
I I I I 

-----+-1--~1__,,~-,--------------~1---'~---------------------------

sb ack32 - -
sb merr - -

sb_d(31 :0) 
(write) 

1 I I I 
I I I ' I I \.__ __________________ _ 

I I I l 
\....._..! I I I I 

I l I I 
parity error indicator 

I I I I 
I I I I 
I I I I 

: : (~A K~ ___ o _____ : _,,)----------------

' I I I 
sb rd - -----'--~'--.'~-'--------------'.-1'~--------------------------

1 I I I 
I I I I 
I I I I 
I I I I 
I I I I 

SBus OMA Write Cycle 

For further possible SBus cycles see the SBus specification 
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Sb elk -

e hlda -
e as - -

e das 

e read 

e ad15:0 -

e a23: 16 -

e_rdy_ 

. ' . . . . . . 
···<-:·: ~·:-:·:->.<< . ·~<-· >.··· -.·. - .· .. ·. - - . 
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. .. 
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54-DMA 

DATA 

75ns min 

Insert data 

read time 

(1] e_hlda_ is only asserted when the interface is not busy 

[2] e_hold_ will stay asserted for burst mode accesses e_hlda_ must follow it 

Ethernet: LANCE OMA read cycle 
( DAT A not available In PACK Reg) 
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sb elk 

e hold 

e hlda -

e as - -

e das - -

e_rdy_ 

~ ,-_ 

:r~ 

...... :~)11~ 
.•,•. 

.·.· liiiiii. 

120ns max. 
- -

:r 

11111111 

250ns max. 

- . 

-.. 

-·· 
·~~:: 
=:-~ ..... 

sons min. 

[1] e_hlda_ is only asserted when the interface is not busy 

- . 
•' 

.... 

S4-DMA 

75ns min. 

[2] e_hold_ will stay asserted for burst mode accesses e_hlda_ must follow it 

Ethernet: LANCE OMA read cycle 
( DAT A avallable In PACK Reg ) 
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sb elk. 

e hold -
e htda 

e as - -

e das -
:if ::::: ::::: I :::::. ------c ...,_....._ ·:.:: ?~~ 1 :::;: 
)j ~ .... :·'.:ai----c:t1-· __________ _.:::~:1-------------------

e read 
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:' "' ·' _., .>' _., •• ::. ·'' _., _.•~ :·. -=:;: I .,.._ ________ ,,,, 

<·: . .. I ., 
.·.< .·.-~ 
. : : ~=::: 

-----c·-:::a----t-:::"-----it:::::llll_ -------..... 
-: r :,:;-
·:·;:, :::r 

e_rdy_ 
i I ·.· ·:·: 

......... <: ... ------mt11111 
8 l 

.·.·. ·::: I I 

:~r 
.:.::· 
~ .... 

sons min. 75ns min. 

120ns max . 

... 
250ns max. 

(1] e_hlda_ is only asserted when the interface is not busy 

[2] e_hold_ will stay asserted for burst mode accesses e_hlda_ must follow it 

Ethernet: LANCE OMA write cycle 

( OAT A Is PACKABLE ) 
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sb elk I I I I I I I I I I I I I I I I I I I I I I I I I I I I -

I 
I I 

' : : d_req I 
I 
\ 

I 
I \ !\-d ack I I I - -

I \ I I I I \ d wr - -
t I I I 

d d7:0 
·"'\ .. \\ "'" •. t'· .. ·:· .·.' \ .. • "·. ,\' \.,... ,,, • ,,\ .... ~· \'\·."·. ,·.'',·.· ,·:·:· .,: .... ·.· • • \,. ,, •' \... ,,·. ,·. \1 ..... ,, ,.. ,, \'II 

~ * ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ,, "' '" ,~ ...... ~ ~.~ ~ ~-~ ~· ~ ~ -~ ~ ~ .~ .. ·'" .... '' _,\\ •"' -

OMA Read Cycle [fast cycle] 

( DATA available in UNPACK Register ) 
'READ' indicates transfer from memory to DMA device 

When UNPACK reg is empty a memory read must occur which will subsequently lengthen 
this operation (see SBus READ Cycle) 

sb elk -
:+:< : ~~=~~ ....._ ____ ..__.._... ..__.. __________________ _ 

d_req 

d ack - -
d rd 

d d7:0 -

::::: I .<: 

I ..... 
::::: 

I 
I I 

..._..._ .... }: ....... _...._..._., 

sons max. 

I 

OMA Write Cycle rtast cyc1e1 
'Write · indicates transfer is from OMA device to memory 
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S4-DMA 

sb elk I I I I I I I I I I I I I I I I I I - ....... 11111111~ 
I I I I 

Sb sel I 
& Sb -as I I - -

sb_a(X:Y 

I I 
d cs - -

I I I d rd - - I I I 
d _d7:0 ·: ... ,< ... ·'·~~,,<>··~:>,·':, .. ···'., .. ··-_::.~--·~: .. ·.':·~~-····:~-~-:-<•·'':><~,:.•·::,.··:"' ··:·.,-.···_ ... ·· ·'' 

sb ack32 -

OMA device register read cycle 
[fast cycle] 

sb elk I I I I I I I I I I I I I I I I - ____ I I I I I I I I II._ 
I I 

sb sel - - I & sb as - -
sb_a(X:Y 

d cs - -

d wr . -- -

d d7:0 -
sb ack32 -

OMA device register write cycle 
[fast cycle] 
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S4-DMA 

sb_clk I I I I I I I I I I I I I I I I I I I I I I I I II._ 
-------1~ I I I I I I 

sb_sel_ I 
&sb as 

id cs - -
d rd - -
d d7:0 -
sb ack8 - -

SCSI 

ESP 

ID ~ 

S4-DMA 11/2/88 

I 

I 
I 

I 
I 
I 

I I \ I I 

I 

Offboard ID read cycle 

d req -
d ack --- -
d rd --- -
d wr ........ -- -
d cs --- -
d_irq_ 
d reset ---

V1 
d d7:0 -

" io a(5:0) -.--
~ -

oe - .-....... 
id cs - -

Sun Confidential 

.. -:·'' .:.-.·-' '. _.- ._ :. ,•' :· .. ·::>·~:~---·-: ... : ,.·.:: ... ··.'_....•::,.-.···:·:, .. ,•·:.: ,·.~:., ... 

[fast cycle] 

--

.... -
S4 OMA -

!> 
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----------------:- ---·-·-~·-·· -

.=::@V:::jSLJn. =MiGrOS~S±eiUs?S4:,GOi14;:Set,A/:•:•=• :.:•.=!;,; 

!·-: =· . : ... · · ! : = ::.g~~'. :.iJRAft2(I~:rn§p~66~::$Y~t&~!•.:,i::,:•:: ·= : .. ·:: :·::.;:t:·.::::::::·,,i_!:· : :·:;.::: . .-:i:1·: 

sb elk I I I I I I I I I I I I I I I I I I I I I -
I I : : I \ d _req I I 
I I I \ d ack I I I - -
I I \ I I I d wr - - I I I I 

d d7:0 
·.·• '\\,.. \,~\' .~•1:• .,,_,. \ .. It ,,,· \,,\· \'t\,. ,,\\' ,,,~- ,,•: ,,,,. 

\,·' ,,·.\ , ... , .... , ..... ' ... ,\\' .·."· _,:' ,\, ...... ~·· ,·.'' , .. ' ' \ ·' ,,,'\ 
'I ,,... -""" •• ~.... _, .. ,- .·'' _.,... _.,.,,. • •. '\\.' ......... ....... • ... , _,,·. -

S4-DMA 

I I I I I I I 
I I 
I I 
I 
1/ :\ 
I I 
I 

, ... ·.· ,,· \ .... ~ ,•· ,,\· 
,·.' ·'~ , .. ,... \,,.. , .. ~ ft'' 

.. ,t. ·"' ,, . ,, ,, 
- ...... ·'- , .. - .. .'\ 

Extended OMA Read Cycle [slow cycle] 

( DATA available in UNPACK Register ) 
'READ' indicates transfer from memory to OMA device 

I I 
I 
I 

: 
\: 

sb elk - I I I I I I I I I I I I I I I I I I I I I I I I I I I I..._ 
d_req .__.../ I :. \ : : : 
d ack : \.._ _ ___...:-.... :-.... :----:-._,,/ '-------

II '~---.....'--~'--~'-------.11/ I I I I 
\,..__ d rd - -

d d7:0 -

Extended OMA Write Cycle [slow cycle] 

'Write • indicates transfer is from OMA device to memory 
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Sb elk I I I I I I I I J I I I - ...... I I I I I I I I I I I I 11 .._ 
I 

sb sel I - -
& sb as 

I I I 
I I 

I I 
I -

sb_a(31 :O 

I I I I d cs - - I 
I I I I I 

d rd - -
I I I 

d d7:0 -

sb ack32 - -

Extended OMA device register read cycle [slow cyc1e1 

sb _elk I I I I I I I I I I I I I I I I I I I I I I I I II~ 
I I I I I I I 

sb_sel_ 1 r--1---..._ ~ --------------..... ___ 

& sb as - -

d cs - -
d wr - -

sb_ack(32/8)_ 

I I 
I I 
I I I 

Extended OMA device register write cycle [slow cyc1e1 
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7.0 Electrical Specification 

Operating Conditions 

Temperature(Ta) 
Supply Voltage (Vee) 

Capacitance 

Symbol Description 

Cin input capacitance 

Cout output capacitance 

S4-DMA 11/2/88 

0 to +70C 
+4.75 to +5.25 V 

• man 

2.5 

•· 

Sun Confidential 

S4-DMA 

max unit 

5 pf 

pf 
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S4-DMA 

Switching Characteristics 

No. SIGNAL DESCRIPTION CONDITIONS min max units 

1 CLK clock period 30 ns 

2 clock high ns 

3 clock low ns 

4 Note 1 hold wrt cl k ,. 0 ns 

5 Note 1 setup to elk "' 14 .o ns 

6 Note 1 setup to elk ,. 23.0 ns 

7 Note 1 hold wrt elk A 5.0 ns 

8 Note 1 setup to elk A 13.5 ns 

9 Note 1 hold wrt elk ,. 0 ns 

10 Note 1 elk "' to out put valid Load= 30.4 ns 
100pf . 

11 Load= 
Note 1 elk ... to output invalid 100pf 22.0 ns 

12 Note 1 elk "' to output valid 
Load= 

31.4 130pf ns 

13 Load= 
Note 1 elk ... to output invalid 130pf 19.7 ns 

14 Note 1 elk "' to output low 
Load= 

24 100pf ns 

15 Note 1 elk ... to output high 
Load= 

18.5 ns 
100pf 

ns 

ns 
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S4-DMA 

No. SIGNALS DESCRIPTION CONDITIONS min max units 

16 d_req settup to elk .... 0 ns 

17 d_req hold wrt elk .... 
3.7 ns 

18 d_dbus[7:0] settup to elk ,. 
2.0 ns 

19 d_dbus [7:0) hold wrt elk "' 3.5 ns 

20 d irq settup to elk "' 0 ns -
21 d_irq hold wrt elk "' 4.0 ns 

22 d rd elk ,.. to output low 80pf 25.5 ns - -

23 d rd elk ,.. to output high BO pf 20 ns - -

24 d wr elk .... to output low BO pf 22.5 ns - -

25 d wr elk "' to output high SO pf 18.0 ns - -

26 d_dbus[7:0] elk "' to output valid 80pf 29.0 ns 

27 d_dbus[7:0] elk ... to output invalid SO pf 21.0 ns 
. 

28 Note2 elk ... to output low 80pf 24 ns 

29 Note2 elk .. to output high 80pf 19.0 ns 

30 Note3 d rd to d dbus valid 50 ns - - -

31 Note3 d rd to d dbus invalid 0 ns - - -

32 d reset elk ... to output low SO pf 20.0 ns -
33 d reset elk ... to output high - SO pf 18.0 ns 

34 d ack elk ... to output low 80pf 23.5 ns - -
35 d ack elk "" to output high 80pf 17.0 ns - -
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S4-DMA 

No. SIGNAL DESCRIPTION CONDITIONS 
. max units min 

36 e_ad [15:0] settup to elk "' Note4 1 .0 ns 

37 e_ad (15:0] hold wrt to elk "' Note4 4.0 ns 

38 e_ad [15:0] elk "' to output valid 80pf 36.0 ns 

39 e_ad[15:0] elk ,. to output invalid 80pf 25 ns 

40 e hlda elk "' to output high BO pf 18.0 ns - -

41 e hlda elk ... to output low BO pf 21.5 ns - -

42 e read elk ... to output valid 80pf 15.5 ns 

43 e read elk "' to output invalid BO pf 12 ns -
44 e das elk ... to output valid 80pf 23.0 ns - -

45 e_das elk ... to output invalid 80pf 18.5 ns -
46 e_rdy_ elk ... to output valid 80pf 23.0 ns 

47 e_rdy_ elk "' to output invalid BO pf 17.5 ns 

48 e cs elk .. to output high 80pf 15.5 ns 
- -

49 e cs elk ... to output low 80pf 20.0 ns - -

50 e_rdy_ settup to elk ,. 0 ns 

51 e_rdy_ hold wrt to elk ... 2.8 ns 

• 

52 e_ad(15:0] ADDA settup to e_as_ low 15.0 ns 

53 e_ad [15:0] ADDA hold wrt e_as_ high 0 ns 

54 e hold settup to elk " 0 ns - -

55 e hold hold wrt to elk "' 4.0 ns - -
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S4-DMA 

No. SIGNAL DESCRIPTION CONDITIONS min max units 

56 Note1 settup to elk " 0 ns 

57 Note1 hold wrt to elk " 3 ns 

58 elk" to output valid 15.5 ns 

59 elk"' to output invalid 12.0 ns 

. 
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S4-DMA 

Timing Diagrams 

• 1--~ 

Sb elk -

sb as - -
sb sel - -
sb_bg_ 

5-----

5 ~-- 4-----41111~~ 

sb_pa [X, Y ,3.2.1] 

sb read -

sb_dbus(31 :O] 

6 

sb siz2 -sb siz1 -sb sizO -
sb ack8 - -
sb ack32 - -
sb err - -
sb merr--

SBus Input Signals 
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S4-DMA 

-· 1 .... -...... _2 ...... 
~ - - ...... !.t __.,,,,, 

~ - -
sb elk 

f ~ I , '{ 
j l j j 

sb read -
sb err I \ - -
sb_ack32 - \ J sb ack8 -
sb siz2 -sb siz1 -
sb sizO 

~ 11 ...... - - 10 ....... ....... -- ~ 

'I ' sb dbus<31 :0> ~ j -
. 

...... 
13 

... ...... ..... ~ -- -
12 

14 
~ 15 

.... 
sb br ~ .... ~ -- .. - -

• 

~ 
If 

) 

SBus Output Signals 
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54-DMA 

sb elk I ' , l , I l , , l 1 
-

j j j L., w l j l j j 

~ ~ ........... 
~ -

2a' 29 
~ 

~~ 
23 ...... - --.... 

d cs - -id cs - -

' 
'( 

\ 
d rd - -

...... 22 ...... .... ....... ...... - ...... ~ 

......_ ..... 31 
~ 30-

I \ 
s[7:0] 

I\ J 
d dbu -

..... 24 - .:• 
....... 25 ....... - ~ 

l , . 

d wr l 
j - -

..... 27 ~ ...... ~ 

...... 

I '~· J 
us[7:0] 

26 - ........ 
..... 33 ..... - --

d db - . -

- -
~ 32 -=--

'./ 

' et 
j l 

d res -

D _Bus Read/Write Cycle Timing (slow = high) 
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. . '. . . 

S4-DMA 
- . . . . 

r f 1 r ' sb elk 
1 ' ' 1 ' ' -

j j l ' j l _J ~. l j J 

~ 16 ~ ...... ..... ~ .... 17 ...... 

d_req ' ' \ j ..... 34 -=II -
...... 35 .. ...... 

l r 
k 

l -d ac -

..... 22 -· ....... 23 ....... - ...... ~ 

l ' - l I d rd -
30 - 31 ~ ...... ...... .... 

~ ..... 

Read DATA ' J bus [7:0] d d -
... 24 ...... . - - ..... 25 -- ...... 

' r . 

J wr l d -

....... 
27 -.... ~ - 26 ... __..... 

Write DATA ' 
d dbus[7:0] 

J 

D_Bus OMA Cycle Timing (slow = high) 
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r 
Sb elk -

J 

1 
e cs - -

42 ~ 

e read/write - -

e das - -

e_rdy_ 

e_ad[15:0] 

READ Cycle 
-... -

e_ad[15:0] 

WRITE Cycle 

S4-DMA 

, ~ , , l 

' r 1 , 
L j l j l -' 

, 
j 

j 

I 

43 
......... 
~ ....... 

__.. .. ~ 45 .... ~-....--

' , ~l _________________ .__ ______________ __,, 

\ 
..... 

Note1 • - -

I Read DATA ' \ J' 
..... 

~ 

38 ....... 

f Write DATA 
\ 

51 
..... -....... -

,..., 
j 

..... ..... 
~ ...... 

39 

\ 
}_ 

Note1 Refer to LANCE timing specs 

LANCE READ and WRITE Cycle Timing 
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. . ·, .-.· . . - . . . . ' -

S4-DMA 
. .. . . . ' .. ·.• .. ·.-. - . ,·. 

I I l 1 l I l I l 1 l r l , l 
sb elk 

j ·-/? l _j L/ L j I./ f.J l j j 

..... 54 -=• •• 55 ...... ..... 
~ 

e ~ hold j_ -
l 

- 41 
~ ___..... 
~ 

I/ 
hid a ) - \ 

e -

• 40 
.... 

l 
as l j ...... 57 ...... 

l - ....... -- -e 
I ....... -..... 56 ........ 

v 
e das - ....... l j 
- - ... 58 ...... 

• 59 ......... 
~ 

e read/write - - I ' j 1 
e_byte 
e_ah [7:0] 

...... 
47 ...... - ...... 

46 ....... ~ - -e_rdy_ 

'{ ' ..... 52 - ~ J - ...... 

__..._ 53 ...... 
39 ... ....... - ....... 

38 - -- =• ...... 
....._ 

ir 1 f ' 
, 

J\ ADCR DATA TO LAN CE 
.. 

\ j 

36 .. 37 ..... - ...... ~ ___..... 
~ 

~' I l A ADDA 
\ 

DAT A FROM LANCE j \ J 

LANCE OMA READ and WRITE Cycle Timing 
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S4-DMA 

Note1: These values represent the timing characteristics of groups of signals. By referring to the 

Timing Diagrams it can be seen that one mnemonic value can represent many different signal paths. 

Note2: These timing parameters are true for both the signals d_cs_ and id_cs_. 

Note3: The documented values represent the timing of an external device ( in this case the ESP 
SCSt chip ) , to which this gate-array is matched by design. 

Note4: The settup and hold times refer to the timing diagram on which they are shown, and in 
particular to the clock edges shown. The e_ad bus is designed to be that of the LANCE Ethernet 
controller. Internal to this chip the e_ad bus is not latched for at least 2 clock cycles to alleviate any 
potential timing problems. Hence the Ons timing requirements shown are true only if the cycle by 
cycle handshaking specified by the LANCE is maintained. 

8.0 Revision History 

12/22/87 

2/11 /88 

3/28/88 

6/21/88 

7/26/88 

First Release. 

Remove sb_address bus and multiplex addr/data on sb_d bus. 
Add SB us ldentif ication information. 

Revised pinout. Corrected errors in register addressing. Added more info on 
programming. Updated timing diagrams. Revised block diagrams. Added 
register in MSbyte of ADDR_CNT. Revised operation of Terminal Count bit. 

Added timing specs. 

Included post_route timings 

11 /2/88------Changed offboard ID read response to sb_ack8_ 
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• • S4-Video 
Preliminary 

Features 

• Single-chip video subsystem 
• Directly Interfaces to Sbus Interface 
·Supports 2ss·4, i2aK·a. and 64K·4 Video RAM 
• Supports 1-bit, 8-bit. and 24-bit per pixel frame buffers 
• Fully programmable video timing and resolution 
• Supports up to 4 video clocks (software selectable} 
• Supports Sun Video Monitor sense lines (for auto configuration) 
• Directly interfaces to VRAM and RAMDAC (no external components required) 
• Built-in Video Shifter for 1-bit frame buffers (maximum pixel clock 100 MHz) 
• Low-cost 120PFP package 

-
.. -

--
.. 

-
--
--
.. -

--

--
-· ; .. ..,.._~ -. 
•• ·, -..----

-.. -~ . . .... ..... ... . -
-- . --

- -

-

S4-V:cfati 1 0/6/88 

>-- __ ... --··oArA·:-: .. :-::-· .. 
.a------t___.. ... :f U[.{l%1tib::>::?:?~\~:/~%~?i@)}Y:~ 

. : ·, .·.·.· ... ',·.- .. -.· ... ·-:-: :-:··-· ·::-· .. ·.·-:·>.·:-·.·.·' .. 

K>--........ -t~ ... 11:::1:i1111r~:11:1111:t;;:11:i:1::: 
we>----+---:: ::_:- __ :_::·:;:::::::::::::·:::-:·::::::::~{:/:{{/:::}'.:'\ 

--.....---+-t-... :~::~:;i;;.;;~:~:!ij:):i\~;;;:~~[~~ii~~\:!)~jlii~iii1~1'.i:~~~:[t~:::\[j;~:~1i:;~~~;: 
..,__....,._._.-41-... :·:.:-:~:::-::/:\~l6.t3iH)}\(:~\~T~::-: 

. . 
~ 

~ . -

54-Vtdeo 8-blt Frame Buffer Application 
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Pin Description 

Name Type 

SBus lnterf ace 47 

elk 
siz(1 :0) 

byte (1 :0) 
bank(1 :0) 
col(8:0) 
row(S:O) 
8(23:22) 
ioa(4:0) 
iod(7:0) 
as -cs -
rd 
ack -
ioack -
irq_ 
b err - -
Clocks 

xi(2:0) 
xclkp 
xclkn 
xclk4 

xclk8 
xclk16 
xvideo 

TLC HT 
TLCHTU 
TLC HT 
TLC HT 
TLC HT 
TLC HT 
TLC HT 
TLCHTU 
BD4TU 
TLCHN 
TLCHN 
TLCHTU 
BT4 
BT4 

BT40D 
8T4 

10 

TLC HT 
84 
B4 
B4 

84 
84 
B4 

Video Controller/DAC 19 

sclk 
vclk 

hs 
vs -
x cs - -
sns(2:0} 
vd(7:0) 
dac cs - -
dac Id - -
dac blk - -
xreq 
xclr 

S4-Video 1016188 

TLCHT 

TLCHT 

BT4 
BT4 

BD1TU 
TLCHTU 

BD1TU 

801TU 
8T1 
BT1 
8D1TD 
BD1TD 

54-Video 
Preliminary 

Description 

system clock 

size of writes. 0:4 bytes, 1: 1 byte, 2:2 bytes, 3:3 bytes. 
Byte Address 
Bank Address 
Column Address 
Row Address 
Function Select 
5-bit 110 Address 
8-bit 1/0 Data Bus 
address strobe 
chip select 

read cycle 
Video RAM acknowledge 
Input/Output acknowledge 
Interrupt Request (active low open drain) 
Buss Error 

Pixel Clock In (3 :O} 

Pixel Clock Out positive (to DAC) 
Pixel Clock Out negative (to DAC) 
Pixel Clock Out X4 
Pixel Clock Out XS 

Pixel Clock Out X 16 

Pixel Data Out 

Video RAM Shift Clock Input (X4. XS, or X16) 
Video Controller Clock Input (XS) 

Horizontal Sync Output 
Vertical Sync Output 
External Chip Select 
Monitor Sense Inputs (2:0) 
Video/DAC Data Bus 

OAC Chip Select Output 
OAC Load Output 
DAC Blank Output 
External Transfer Request 

External Transfer Counter Clear 
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VRAM Interface 

vma(8:0) 
vcas(3:0) -
vras(3:0) -
voe 
vwe 
vsc 

Misc Pins 

mode(3:0) 
type 
por_ 
para_ 

Device Number: 
Package Type: 

S4-Video 1016188 

20 

BT4 
BT4 
BT4 
BT4 
BT4 
BT4 

8 

TLCHTD 
TLCHTD 
TLCHNU 
BD1TU 

LMA9141 
PFP120 

S4-Video 
Preliminary 

Video Multiplexed Address 
Video Cas Enable (Byte select) 
Video Ras Enable (Bank select) 
Video Output Enable 
Video Write Enable 
Video Shift Clock 

memory mode and configuration 
VRAM type: 0:256K, 1 :1Mbit 
Power On Reset. Clears control register 
Parametric Test Output and Output Disable 

(PAD: 118. VDD:6 VSS:S. 10: 104) 

Sun Confidential Page 3 



S4-Video 
Preliminary 

Overview 

The S4-Video ASIC has the following functional blocks: 

- Sbus Interlace 
- Video Clock 
- Video Shift Register 
- Video Controller/DAC Interface 
- Video RAM Interlace 

Each of these blocks is described below in detail. 

Sbus Interface 

The Sbus interface is those set of signals that interface to the Sbus. The wiring of these signals 
to the Sbus depends on the specific frame buffer configuration. This is further explained in the 
section "Frame Buffer Configuration.. below. Note that dependent on configuration some Sbus 
interface signals will not be used or share one Sbus signal. Unused inputs should be grounded. 

Pixel Clock 

The Video Clock section handles the generation of the DAC Clock, the Video RAM Shift Clock, 
and the Video Controller Clock. The Input to this section is up to 4 crystal clock oscillators which 
are selectable and sub-dividable under software control to from a particular pixel clock. The 
Pixel Clock is output differentially for the DAC and in X4, XS. and X16 form for the Video RAM 
Shift Clock and the Video Controller Clock. For ease of testing and configuration, the Shift Clock 
and the Video Controller Clock are externally connected to the SCLK and VCLK inputs. 
respectively. The maximum video clock input is 100 MHz. 

Video Shift Register 

The Video Shift Register generates a serial video data stream for 1-bit frame buffer applications. 
This function is enabled when the DAC_EN input is false (active high). This turns the VD(7:0) 
data bus into an 8-bit parallel bus that is loaded into the video s_hift register synchronously with 
the X16 rising clock edge. The load function is suppressed if the BLANK output from the video 
controller is active and the shift register will continue to shift out ·o" instead. 

Video Controller and DAC Interface 

The video controller section provides a set of registers that provide Sbus identification, monitor 
status, video scanning status, and the video timing parameters. The video controller is 
programmed by software during initialization to provide the actual video timing that is desired. 
The DAC Interface provides all signals and appropriate timing for the external DAC. 

VRAM Interface 

The Video RAM interlace generates the correct timing and the proper signals for operating the 
VRAM. The on-chip drivers are suitable to directly drive VAAM, no external components are 
required. 
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S4-Video 
Preliminary 

Address Space Decoding 

This section explains the 54-Video registers and decoding. On Reset, the master control 
register is initialized to O. All other registers are not initialized. 

Master Decoding (A23:22) 

When the 54-Video chip is selected, address A(23:22) define the master mode as follows: 

OxOOOOOO-Ox3FFFFF 
Ox400000-0x7FFFFF 
OxSOOOOO-OxBFFFFF 
OxCOOOOO-OxFFFFFF 

Sbus ID 

Sbus ID 
Video Registers 
Video RAM 
Reserved 

: -The Sbus ID is either internal in the S4-Video chip or provided externally. as determined by the 
status of X_CS_ at the end of POR_. If x_cs_ is grounded externally, the ID will be provided 
internally and read as OxFE0101 Oy, where (y) is MODE (3 :0) . If x_ cs_ is not grounded externally 
then the Sbus ID wirr be provided by an external PROM that is selected by X_CS_. The PROM can 
have a size up to 4 MBytes. 

Video Registers 

The video registers start at the four megabyte (Ox400000) boundary and extend up to the 8 
megabyte boundary. There are a total of 16 registers, including the external DAC. which are 
decoded with IOA(4:0). 

Video RAM 

The frame buffer is decoded at the eight megabyte boundary (Ox800000) up to the twelve 
megabyte boundary (OxCOOOOO). It is up to software to map in only memory that is physically 
present on the frame buff er. 

Reserved 

Accessing this area will return an ACK but cause no actions on the chip. This area can be used 
to provide ·dummy pages" for software. 

Interrupt 

When enabled, Interrupt is assened at the beginning of vertical blank. The interrupt is cleared by 
writing to the (read-only) status register. 
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S4-Video 
Preliminary 

Video Register Decoding 

This section includes all the video registers and provides decoding for the external DAC. 

Ox400000 DAC Select (A2=CO. A3=C1) 

Ox40001 O Master Control Register (Read-Write, Cleared on power-on-reset) 

07: Interrupt Enable 
06: Video Enable 
OS: Timing Enable/Stave Mode 
04: Cursor Enable Register 
0(2:3) Oscillator Select (2:3 = 1, 2. 3 selects xi{1), xi(2), xi(3). 

2:3 = 4 stops video clocks) 
0(0:1) Divider (1:1,2,3,4) 

Ox400011 Status Register (Read-Only. Writing clears interrupt) 
•• 

07: Interrupt Pending 
06: Monitor Sense (2) 
05: Monitor Sense (1) 
04: Monitor Sense (0) 
03: Memory Type (3) 
02: Memory Type (2) 
01: Memory Type (1) 
DO: Memory Type (0) 

Ox400012 Cursor Start Address 
Ox400013 Cursor End Address 

Ox400014 HBS Horizontal Blank Set 
Ox400015 HBC Horizontal Blank Clear 
Ox400016 HSS Horizontal Sync Set 
Ox400017 HSC Horizontal Sync Clear 
Ox400018 csc Composite Sync Clear 
Ox400019 VBSH Vertical Blank Set High Byte 
Ox40001A VBSL Vertical Blank Set Low Byte 
Ox400018 VBC Vertical Blank Clear 
Ox40001C vss Vertical Sync Set 
Ox40001D vsc Vertical Sync Clear 
Ox40001E xcs Transfer Cycle hold off Set 
Ox40001F xcc Transfer Cycle hold off Clear 
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Video Register Description 

DAC Select 

Accesses to these addresses are passed through to the external DAC for reading and writing of 
the DAC registers. 

Master Control Register 

Bit Function 

7 Enables interupts. When enabled, the S4-Video chip will generate an interupt when 
the end of the end of the frame is reached (start of VBLANK). The interupt is cleared 
by reading the status register. 

6 Video Enable. When set to O. the blank output is constantly asserted independent of 
• 

the internal counters. When set to 1, the VBLANK output follows what is 
programmed into the timing registers. 

5 Timing Enable/Slave Mode. When set to O. the internal video timers are disabled and 
the internal state-machine that controls the transfer cycles is triggered from the 
external inputs XREQ and XCLR. When set to a 1, the video chip generates timing 
based on the values programmed and drives the XREQ and XCLR pins as outputs. 

4 Cursor Enable Register. When set to a 1, accesses to the frame buffer will cause a 
buss error if the address is within the range of the two address values programmed 
into the Cursor Start Address and the Cursor End Address Registers located at 
Ox400012 and Ox400013. 

2:3 Oscillator Select. Selects one of the three XI inputs as the source for the video 
timing. Selecting input 4 ( 2:3 = Ox11) causes the video logic to stop. 

O: 1 Divider. Selects a divide by 1 • 2. 3 or 4 of the selected XI input. 

Status Register 

Bit Function 

7 lnterupt Pending. An interupt was generated by the chip. 

4:6 Monitor Sense. These three bits come directly from the three SNS inputs to the 
S4-Video chip. Usefull for determining the type of monitor connected then frame 
buffer. 

0:3 Memory Mode. These four pins come directly from the MODE inputs the 54-Video 
chip. Usefull for determining what type of memory the frame buffer uses. 
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Cursor Start Address 

Defines the lower address limit that will generate a buss error when control register bit 4 is set. 
The eight high order bits of the row address are compared against this value. If the row address 
is equal to or greater than the value in the cursor start address register (but not greater than the 
value in the cursor end address register) then accesses to that address will generate a bus 

error. 

Cursor End Address 

Defines the upper address limit that will generate a buss error when control register bit 4 is set. 
The eight high order bits of the row address are compared against this value. If the row address 
is equal to or less than the value in the cursor start address register (but not less than the value 
in the cursor start address register) then accesses to that address will generate a bus error. 

HBS 

The HBS register contains the horizontal blank start value. It is programmed in multiples of 8 
pixels. When a horizontal sweep begins, the internal horizontal timing counter starts a zero. 
counts up to HBS, then starts over. When the HBS value is reached, the composite blank output 
(DAC_BLK_} goes active. 

HBC 

The HBC register contains the horizontal blank end value. It is programmed in multiples of 8 
pixels. When the horizontal counter reaches this value, the composite blank (DAC_BLK_) goes 
inactive. The value for HBC must be less than the value for HBS. 

HSS 

The HSS register contains the horizontal sync start value. It is programmed in multiples of 8 
pixels. When the horizontal counter reaches HSS, the horizontal sync output (HS_) goes active. 
HSS should be programmed to go active within the blanking envelope defined by HSS and HSC. 

HSC 

The HSC register contains the horizontal sync end value. It is programmed in multiples of 8 
pixels. When the horizontal counter reaches HSC, the horizontal sync output (HS_) goes 
inactive. HSC must be programmed to a value greater than HSS, and should be less than HBC. 

A basic horizontal sweep with respect to the horizontal counter should look something like: 

0 .... HSS .... HSC .... HBC ....................................... HBS 

csc 

The CSC register contains the composite sync clear value. it is programmed in multiples of 8 
pixels. During venical blanking. this register value is used instead of HSC to define the end of the 
horizontar sync. 
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VBSH 

The VBSH register contains the high order bits of the line number to start vertical blanking on. 
The vertical counter is a 12 bit counter which requires two registers to program. The four least 
significant bits of VBSH are used with VBSL to form the 12 bit line count. The four high order bits 
of VBSH are don't cares, and are read as zero. 

VBSL 

The VBSL register contains the low order bits of the line number to start vertical blanking on. The 

vertical counter is a 12 bit counter which requires two registers to program. The four least 
significant bits of VBSH are used with VBSL to form the 12 bit line count. The VBS registers are 
programmed in multiples of lines. 

VBC 

The VBC register contains the vertical blank end value. It is programmed in multiples of lines. 
When the vertical counter reaches this value, the composite blank (DAC_BLK_) goes active. The 
value for VBC must be programmed to be less than VBSH + VBSL. 

vss 

The VSS register contains the vertical sync start value. It is programmed in multiples of lines. 
When the vertical counter reaches VSS, the vertical sync output (VS_) goes active. VSS must 
be programmed to be less than VBSH + VBSL. and should be less than VBC. 

VSC 

The VSC register contains the vertical sync end value. it is programmed in multiples of lines. 
When the vertical counter reaches VSC. the vertical sync output (VS_) goes inactive. VSC must 
be programmed to be less VBSH + VBSL. It must also be programmed to be greater than VSS 
and should be less than VBC. A basic vertical sweep with respect to the verticat counter should 
look something like: 

0 ..•• VSS .... VSC .•.. VBC .•••••.....•.•...••••...••.. VBSH + VBSL 

xcs 
The XCS register contains the transfer hold off start value. It is programmed in multiples of 8 
pixels. The 54-Video chip generates transfer cycles as necessary by counting shift clocks. The 
shift clock is inactive during horizontal blanking however. If an access to the frame buff er or any 
of the internal registers were attempted during a horizontal blank which occurred during a 
transfer cycle, The S4-VIDEO chip would not be able to respond until after the blanking and 
transfer were completed which in computer time could be a very long time degrading 
performance. The XCS and XCC registers allow for a window to be programmed around relative 
to the horizontal blank window (defined by HBS and HBC) which will prevent a transfer cycle from 
starting until late in the horizontal blank period. thus allowing other accesses to the video chip in 

the mean time. 

The values for XCS anc XCC will be less than HBS and HBC respectively and will depend greatly 
on the relationship between the system clock and the video clock. The most important timing 
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relationship however is the relationship between XCC and HBC. XCC must occur sufficiently 
before HBC to allow a transfer cycle to complete before the horizontal counter reaches HBC. A 
transfer cycle requires at minimum 7 system clocks to complete 

xcc 

The XCC register contains the the transfer cycle hold off end value. It is programmed in 
multiples of 8 pixels. See XCS for explanation. 

Video Controller Function 

Horizontal and Vertical State Machines 

The horizontal statemachine is normally programmed in units of 8 pixels. Since all quantities are 
8-bit registers, this limits the maximum horziontal period to a·2s6 or 2048 pixels. 

The vertical state machine is programmed in units of lines. All units are 8-bit except for the 
vertical blank start which is a 12-bit register accessed through its low and high byte. 

In general, the numbers programmed in these registers is the actual number desired minus 1 . 

Shift and Load Clock 

The video RAM shift clock and the load-dac clock are generated from the SCLK input. The load 
DAC clock is continously active and is synchronous to SCU<. The Video RAM shift clock is 
normally the same as load DAC clock but is held high during horizontal blanking. The shift clock 
will not be held high during vertical blanking or video disable in order to meet video RAM 
specifications. 

Reload Counter 

The reload counter counts the number of shift clocks and asserts transfer request XREQ to the 
Memory Controller. The total count is 256 for 256K VRAM and 512 for 1 MBit VRAM. However, 
XREQ must be assened sufficiently early to allow a CPU cycle and a Video cycle to be 
completed before the total count is achieved. This time is fixed in the chip to be 8 shift clocks for 
64K • 4 VRAM and 16 shift clocks for 256K • 4 VRAM before the total count value. The reload 
counter is reset with condition XCLR (see below). 

Transfer Counter 

The transfer counter maintains the address of the next row to be transferred into the VAAM shift 
register. The transfer counter is incremented at the end of each video reload cycle to point at 
the next row to be transferred. The transfer counter is reset with condition XCLR (see below). To 
prevent the S4-Video chip from locking up the IU if a transfer request occurs during a horizontal 

blanking period, two registers (XCS and XCC) are used to hold off transfer requests. The XCS 
and XCC register values are prgrammed to match the HBS and HBC registers except that they 

are offset in time to occur earlier in time than the HBS and HBC counts. If a transfer request 
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occurs before XCS (and HBS) then the request is processed. If -the request occurs after XCS 
but before HBS. then the 54-_video chip suspends the transfer cycle until XCC. This will allow the 

lU to continue with other accesses during the blanking period. 

Memory Controller Interface 

The video controller interfaces to the memory controller via two signals: XREQ and XCLR. 

XREQ· (Transfer Cycle Request) forces a video RAM reload cycle using the address of the 
transfer counter. Asserting XREQ causes the memory controller to begin a video reload cycle as 
soon as current cycles are complete. The memory controller will wait until XREQ drops. 
asynchronously deassen OT/OE and then complete the video reload cycle. This allows 
on-the-fly video reload cycles . 

. 
XCLR (Transfer Clear) clears the reload counter and the transfer counter and forces a minimum 
length, reload cycle. XCLR is asserted in the state following (VBC & HBS) . 

• • 
When the 54-video chip is in the m_aster mode (control register bit 5 = 1) the XREQ and XCLR 
signal pins are driven as outputs mirroring the internally generated transfer requset and transfer 
clear signals. These two signal pins can then be connected to a parallel 54-Video chip which is 
configured in the slave mode (control register bit 5 = 0) to synchronize the two chips. When in 
the slave mode, the XREQ and XCLR signal pins are treated as inputs to the internal 
state-machines for synchronization purposes. 
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Video Controller Timing Diagrams 

The following timing diagrams illustrate the function of the video controller. The composite sync 
output is identical to Horizontal Sync when no vertical sync is active and identical to the diagram 
shown if vertical sync is active. 

Horizontal Blank 

# 

HBLANK 
HBS 
HBC 

--------

Horizontal Sync 

---
- .. 

HSY NC 
HSS 
HSC 

- -----------------
.. 

Composite Sync (during Vsync) 

HSY NC 
HSS 
csc 

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

Vertical Blank 

VB LANK 
VBS 
VBC 

-..-.......-.---.----

Vertical Sync 

VSYNC 
vss 
vsc 

----
-

S4-Video 1016188 
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Video RAM lnterf ace 

The S4-Video controller generates its video memory outputs as follows: 

VRAS(x) =RAS• (VIDEO+ CPU• (BANK(1:0) == x)) 

VCAS(x) = CAS • (VIDEO + CPU • (SIZ==1) • (BYTE == x) 

+ (SIZ==2) • ((BYTE =x) + (BYTE==x+ 1) 
+ (SIZ==3) * ((BYTE==x}+(BYTE=x+1)+(8YTE==x+2} 
+ (SIZ==4) • ( (BYTE==x) + (BYTE==x+ 1) + (BYTE==x+2) + (BYTE==x+3)}) 

VMA(S:O) = MUX • (VIDEO • X(8:0) + CPU • ROW(S:O) 
+ IMUX • (VIDEO • 0 + CPU • COL(8:0) 

Cycle CPU Video/Refresh 
row col row col 

.. 
vmaO rowO colO xO 0 
vmal rowt coll xl 0 
vma2 row2 col2 x2 0 
vma3 row3 col3 x3 0 
vma4 row4 col4 x4 0 
vma5 rows colS x5 0 
vrna6 row6 col6 x6 0 
vma7 row7 col? x7 0 
vma8 row8 .col8 x8 0 

Size Address Byte(O) Byte(1) Byte(2) Byte(3} 

sb_siz (1 :0) sb_pa (1 :0) CAS(O) CAS(1) CAS(2) CAS(3) 

o.o o.o x x x x 
0, 1 x x x 
1,0 x x 
1 '1 x 

0, 1 0.0 x 
0, 1 x 
1,0 x 
1. 1 x 

1.0 o.o x x 
0,, x x 
1,0 x x 
1 • , x 

1 • 1 0,0 x x x 
0, 1 x x x 
1 ,0 x x 
1 . 1 x 
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54-Video 
Preliminary 

The S4-Video chip suppons a number of frame buffer configurations, some of which are illustrated 
in the table below. The basic rules are as folJows: 

1. Databu.s Width: For 8-bit databus, wire V ACK to SB_ACK8 and SIZ( 1 :0) to GND. 
For 32-bit databus. wire YACK to SB_ACK32 and SIZ(l:O) to SB_SIZ(l:O). 

2. Pixel/load: Wire the SCLK input to the corresponding XCLK output. 

3. Byte/Bank/Col/Row: Wire to corresponding Sbus address bits. Ground unused inputs. 

VRAM 256K•4 256K•4 256K•4 2S6K•4 128K•8 128K•8 12SK•8 64K•4 [Size] 
VRAMs 2 8 16 24/32 1 4 8 8 (#) 
Data Bus 8 32 32 24/32 8 32 32 32 [bit] 
Banks 1/4 1 2 4 1/4 1 2 1 [#] 
Bit/Pixel 1 8 8 24/32 1 8 8 1 (bit] 
Pixel/Ld 8 4 8 4 8 4 8 32 [#] 

Siz(2:0) 0 
. . 

0 
. . . 

size size size size size size 
ByteO aO aO aO aO aO aO 
Byte! al al al al al al 
Banko a2 a2 - - a2 -
Bankl - a3 -
colO aO a2 a3 a4 aO a2 a3 a2 
coll al a3 a4 as al a3 a4 a3 
col2 a2 a4 as a6 a2 a4 a5 a4 
col3 a3 as a6 a7 a3 as a6 as 
co14 a4 a6 a7 a8 a4 a6 a7 a6 
cols aS a? a8 a9 as a7 a8 a7 
col6 a6 a8 a9 a10 a6 a8 a9 a8 
col7 a7 a9 alO al 1 a7 a9 alO a9 
col8 a8 alO all a12 -
rowO a9 a 11 a12 a13 a8 alO all alO 
rowl atO a12 a13 a14 a9 all a12 a 11 
row2 all a13 a14 a15 alO a12 a13 a12 
row3 a12 a14 a15 a16 al 1 a13 a14 a13 
row4 a13 alS a16 a17 a12 a14 a15 al4 
rows a14 a16 a17 a18 a13 a15 a16 a15 
row6 a15 a17 a18 a19 a14 a16 al? a16 
row7 a16 a18 a19 a20 alS a17 a18 a17 
rows a17 a19 a20 a21 a16 a18 a19 
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Timing Diagrams 

The 54-Video controller supports four basic types of cycles: Refresh cycle, Video Cycle, CPU 
cycle. and Burst Cycle. For both the refresh cycle and the CPU cycle, the S4 RAM controller 
supports two VRAM speeds via the speed input: fast and slow. The fast mode supports a 
minimum cycle of 4 states for CPU cycles and 5 states for Refresh. In slow mode, RAS is 
extended by one additional state. This allows to use slower RAMs at the cost of an increased 
cycle time. There is no separate fast and slow mode for burst cycles. 

Cycle Overview. The $4-RAM controller stays in the idle state (SO) until either activated by a 
refresh request, causing a refresh cycle, a video request. causing a video cycle, or by a CPU 
select, causing a CPU cycle. In case of simultaneous video, refresh, and CPU request the video 
reQuest is the highest priority and the refresh request second. 

CPU cycles are initiated when a select RAM signal is received in conjunction with a matching set 
of addresses (see address decoding table). In response to the CPU request, the RAM controller 
activates RAS for the bank of memory decoded by the addresses. 

Refresh cycles are generated internally by a ref re sh request which occurs every 320 system 
clocks. For a 20 MHz system clock. this is one refresh cycle every 16 usec. 

Video cycles are initiated by a transition on input XREQ. which is generated by the video 
controller whenever a video transfer is necessary. 
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Selecting the S-4 Video Chip 

The S-4 Video chip is accessed by presenting an appropriate address to address pins, by 
bringing cs_ active, and finally by bringing AS_ active. When addressing the frame buffer I A(23} 
must be set high. To access the conrol and status registers. A(23) is set low. Once an access 
cycle has staned, it cannot be aborted. the S-4 Video chip will run through the complete cycle 
once it determines it has been selected. 

CLK I I I I I I I I I I 
. 

A(23:22) 

T7 SEL -
AS T7 

ISEL • 
., \ __ / 

• ISEL_ is an internal signal 
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CPU Cycle 

In response to e select. the RAM controller enters state S1 end asserts RAS for the bank of 
memory decoded by the addresses. The row/column addresses are multiplexed on the 
half-state following RAS. In state 52. the RAM controller asserts CAS and acknowledge signal 
VACK. Following S2. in fast mode the RAM controller finishes up with 510 which deasserts AAS 

and VACK while keeping CAS asserted. In slow mode, the RAM controller extends RAS in state 
59, and then deasserts all control signals in state 510. In both cases. write data (WDATA) must 
be valid at beginning of CAS and read data (RDATA) is valid at the end of CAS. 
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Video Transfer Cycle 

The Video Cycle loads the video shift register from a row of the video RAM into the Video RAM 
shift register. It starts with signal XRX (transfer request synchronized) and it terminates with XRX 
inactive. Signal OE is asynchronously cleared with (asynchronous) transfer request inactive. 
Following state V3 the statemachine continues with states S 12 and S 13 before returning to SO. 

so V1 V2 V3 V4 S3 

CLK I I I I I I I I I l I I I 
XRX -

VID -

VOE _I __________ ___.! c·> 

VRAS -

VCAS -
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Ref re sh Cycle 

Refresh is implemented with a "CAS-before-RAS" cycle. Once a refresh request is recognized. 
all CAS outputs are asserted during state RO followed by all RAS outputs asserted at state Al. 
REF, RAS, and CAS stay asserted during R2 and are deasserted in state S10. In "slow" mode. a 
state S9 is inserted that extends all control signals for one extra state. Ref rash request takes 

priority over CPU cycles that arrive at the same time. Pending CPU cycies have to wait until they 

are recognized in SO. 

so R1 R2 R3 S3 54 

CLK I I I l I I I I r I I I 

RREQ_ •" 
.. 

/ 
REF • -
VCAS -

VRAS -

• AREQ_ and REF_ are internally generated signals 
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Register Cycle 

The Register Cycle provides access to the onboard registers or the DAC registers. Registers are 
selected by the appropriate addressing. If the DAC is accessed, then DAC_CS_ will be asserted 
during state X1, X2 and X3. On a read cycle. data from the DAC will be latched at the end of X3 
and output on the system data bus during 513. SB_ACKB_ is asserted in state X3. 

CLK 

SEL -

A(23:22) 

DAC CS - -

VD(7:0) 

(R/W) 

IOACK -

100(7:0) (r) 

VWE 

so 

I I 

(Write cycle only} 
.. 

S4-Video 10/6188 

X1 X2 X3 513 so 

I I I I 
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Table of Monitor Timings 

Type 5 4 3 2 1 0 Unit 
Sun Sun Sun Sun Apple Apple 
1600.1280 1280.1024 1152.900 1024.768 1152.870 640.480 

HRes 1600 1280 1152 1024 1152 640 Pixel 
VRes· 1280 1024 900 768 870 480 Pixel 
PClock 200.00 135.00 92.9405 70.400 100.00 30.000 MHz 
·He lock 89.00 61.80 53.66 68. 700 35.000 kHz 
HTime 16.182 18.64 14.56 28.5714 usec 
VClock 67.00 65.96 66 75 66.666 Hz 
VTime 15.163 15.15 13.32 16.000 msec 

Register Value Value Value Value Value Unit Conversion 

HBS 1504 1312 1456 (856) (X/8)-1 

HBC 352 288 304 (216) (X/8)-1 
HSS 16 1312 32 (32) (X/8)-1 

HSC 144 160 160 (48) (X/8)-1 
VBS 937 813 915 525 (X)-1 

VBC 37 45 45 45 (X)-1 

vss 2 (2) 3 (2) (X)-1 

vsc 6 6 6 (8) (X)-1 · 

Note1: HSCO = HSC, HSC1 = HBS - HSC 
Note2: VBSH = (X DIV 256) I VBSL = (X MOO 256)-1 
Note3: Values in parenthesis are estimates at this time. 
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Timing Specifications 

Conditions: VCC=4.75 to 5.25V, TA=O to +70C 

Cout capacitive load all outputs except those below 15 pF 
Cma capacitive load MA.WE.RAS.SC 100 pF(16.6pF) 
Cctl capacitive load CAS 24pF (4 • 6pF) 

Symbol From To min max unit 

t1 elk high elk cycle + elk high 40 ns 
t2 elk high elk low 13 ns 
t3 elk low elk high 13 - ns 
t4 elk high ras valid 0 15 ns 
t5 elk low cas valid 5 15 ns 
t6 elk high address, we valid 5 25 ns 
t7 as valid elk high 10 -- ns 
t8 proterr valid elk high 10 -- ns 
t9 elk high as invalid 10 -- ns 
t10 xclk high xclk cycle + xclk high 10 --- ns 
t 11 xclk high xcfk low 3 -- ns 
t12 xclk low xcfk high 3 --- ns 
t13 xclkp valid xclkn valid 0 3 ns 
t14 xi ( ·) high xoc·) low 0 5 ns 
t15 clk4 high dac_ld high 0 20 ns 
t16 clk4 high SC high 2 30 ns 
t17 clk4 high blank, sync valid 2 30 ns 
t18 Id high SC high 2 10 ns 
t19 Id high blank valid 2 20 ns 
t20 Id high sync valid 2 20 ns 
t21 cs active databus valid 0 30 ns 
t22 cs inactive databus tristate 0 30 ns 
t23 cs active dac cs acvtive 0 20 ns -
t24 cs inactive dac cs inacvtive 0 20 ns -
t25 rd.a valid cs active 0 --- ns 
t26 cs inactive rd, a invalid 0 ns 
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Rivlslon History 

Date 

7/18/88 
7120188 
7122188 

10/4/88 

10/6/88 

Change By 

First Release. A VB 
Defined XCS and XCC registers for use in delaying transfer cycles. MWI 
Added cursor registers. corrected timing diagram labels, 
corrected pin counts. removed diagnostic register, fixed address 
mappings for 64K x 4 VRAMs. MWI 
Added XREQ and XCLR, removed xi(3) and FAST, removed all 
timing diagrams related to FAST mode, added words about 
synchrnous operation of two chips, added words about cursor stan 
and end address registers. MWI 
Removed confusing wording about cursor address registers in 

in description of control register MWI 
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Oct 13 16:30 1989 

1. P/N: 100-1804-04 2. REV: 01 

3. DESCRIPTION: IC,GA,S4-VIDEO 

4. PHYSICAL MODEL: (120 Pin PFP) 

A. Pinout: *Top View 

120 ** 110 ** 100 ** 91 
I \ 

1 90 

* * 
* * 

10 80 
* * 
* * 

20 70 
* * 
* * 

30 61 
\ I 

31 ** 40 ** 50 ** 60 

1 - /POR 31 - 61 - /VRAS.l 91 -
2 - vss 32 - XCLKN 62 - /VRAS.2 92 - BYTE.0 
3 - VDD 33 - XCLKP 63 - /VRAS.3 93 - BYTE.1 
4 - TYPE 34 - /DAC /CS 64 - /VWE 94 - BANK.0 
5 - MODE.3 35 - VD.7 65 - /VOE 95 - BANK.1 
6 - MODE.2 36 - VD.6 66 - vsc 96 - COL.O 
7 - MODE.1 37 - VD.5 67 - vss 97 - COL.1 
8 - MODE.O 38 - VD.4 68 - CLK 98 - COL.2 
9 - /PARA 39 - VD.3 69 - /AS 99 - COL.3 

10 - /X /CS 40 - VD.2 70 - /IRQ 100 - COL.4 
11 - XREQ 41 - VD.1 71 - IOD.0 101 - COL.5 
12 - XI.0 42 - VD.O 72 - IOD.1 102 - COL.6 
13 - XI.1 43 - /DAC /BLK 73 - IOD.2 103 - COL.7 
14 - XI.2 44 - /DAC /LD 74 - IOD.3 104 - COL.8 
15 - VDD 45 - vss 75 - vss 105 - VDD 
16 vss • 46 VDD 76 - vss 106 - vss - -
17 - vss 47 - /VCAS.0 77 - VDD 107 - ROW.0 
18 - SEL.2 48 - /VCAS.l 78 - IOD.4 108 - /B /ERR 
19 - SEL.1 49 - /VCAS.2 79 - IOD.5 109 - ROW.l 
20 - SEL.0 50 - /VCAS.3 80 - IOD.6 110 - ROW.2 
21 - XCLR 51 - VMA.0 81 - IOD.7 111 - ROW.3 
22 - VCLK 52 - VMA.l 82 - SIZ.1 112 - ROW.4 
23 - XCLK8 53 - VMA.2 83 - SIZ.O 113 - ROW.5 
24 - SCLK 54 - VMA.3 84 - RD 114 - ROW.6 
25 - XCLK16 55 - VMA.7 85 - IOA.0 115 - /IOACK 
26 - XCLK4 56 - VMA.4 86 - IOA.l 116 - ROW.7 
27 - /VS 57 - VMA.5 87 - IOA.2 117 - ROW.8 
28 - /HS 58 - VMA.6 88 - IOA.3 118 - A.22 
29 - XVIDEO 59 - VMA.8 89 - IOA. 4 119 - A.23 



Oct 13 16:30 1989 

30 - VDD 60 - /VRAS.0 90 - /CS 120 - /ACK 
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B. PIN DESCRIPTION: 
-----------------------------...... --

SYMBOL 
------

SBOS INTERFACE ____ ,... ____ ._. ___ ....., ___ _ 

CLK 
SIZ(l:O) 

BYTE(l:O) 
BANK(l:O) 
COL(8:0) 
ROW(S:O) 
A(23:22) 
IOA(4:0) 
IOD(7:0) 
/AS 
/CS 
RD 
/ACK 
/IOACK 
/IRQ 
/B /ERR 

CLOCKS 
------
XI(2:0) 
XCLKP 
XCLKN 
XCLK4 
XCLKS 
XCLK16 
XVIDEO 

TYPE 
--.a.-
47 

TLC HT 
TLCHTU 

TLC HT 
TLC HT 
TLC HT 
TLCHT 
TLC HT 
TLCHTU 
BD4TU 
TLCHN 
TLCHN 
TLCHTU 
BT4 
BT4 
BT40D 
BT4 

10 

TLC HT 
BT4 
BT4 
BT4 
BT4 
BT4 
BT4 

VIDEO CONTROLLER/DAC 19 
----.-~------------~-,_..-

SCLK 

VCLK 
/BS 
/VS 
/X /CS 
SNS(2:0) 
VD(7:0) 
/DAC /CS 
/DAC /ID 
/DAC /BLK 
XREQ 
XCLR 

TLC BT 

TLCBT 
BT4 
BT4 
BDlTU 
TLCHTU 
BDlTU 
BDlTU 
BTl 
BTl 
BDlTD 
BDlTD 

DESCRIPTION 
--- .... ------~-

System Clock 
Size of writes. 0:4 bytes, 
1:1 byte, 2:2 bytes, 3:3 bytes. 
Byte Address 
Bank Address 
Column Address 
Row Address 
Function Select 
5-bit I/O Address 
8-bit I/O Data Bus 
Address Strobe 
Chip Select 
Read Cycle 
Video RAM Acknowledge 
Input/Output Acknowledge . 
Interrup Request (active low open drain) 
Buss Error 

Pixel Clock In (3:0) 
Pixel Clock Out Positive (to DAC) 
Pixel Clock Out Negative (to DAC) 
Pixel Clock Out X4 
Pixel Clock Out XS 
Pixel Clock Out Xl6 
Pixel Data Out 

Video RAM Shift Clock Input 
(X4,X8, or X16) 
Video Controller Clock Input (XS) 
Horizontal Sync Output 
Vertical Sync Output 
External Chip Select 
Monitor Sense Inputs (2:0) 
Video/DAC Data Bus 
DAC Chip Select Output 
DAC Load Output 
DAC Blank Output 
External Transfer Request 
External Transfer Counter Clear 
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VRAM INTERFACE 
------~~----~--

VMA{8:0) 
VCAS /(3:0) 
VRAS /(3:0) 
/VOE 
/VWE 
vsc 

MISC PINS 
-------~.-, 

20 

BT4 
BT4 
BT4 
BT4 
BT4 
BT4 

8 

Video Multiplexed Address 
Video CAS Enable (Byte select) 
Video RAS Enable (Bank select) 
Video Output Enable 
Video Write Enable 
Video Shift Clock 

Memory mode and configuration 
VRAM type: 0:256K, l:lMbit 

MODE(3:0) 
TYPE 
/POR 
/PAFA 

TLCHTD 
TLCHTD 
TLCHNU 
BDlTU 

Power On Reset. Clears control register 
Parametric Test Output and Output Disable 

5. DC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= OoC to +70oC, Output Load= 100 pF) 
======~~~~=~~~~=============================~======================= 

I SYMBOL I 
I l 

PARAMETER I LIMITS IUNIT( NOTES I 
(Min ITyp IMax I 

====================================================================== 
VIH I Input High Voltage 

I TTL Inputs 
I Temperature Range 
I CMOS Levels 

I I 
12.0 I 
I I 
13.5 I 

I 
I 
I 
I 

I 
IV 
I 
IV 

~,_,~-~--.--~-~-.----.-..--------------------~-----------------------------------
VIL I Input Low Voltage 

I TTL Inputs 
I CMOS Levels 

I 
I 
I 

VT+ I Schmitt-Trigger, Positive-goingl 
I Threshold I 

I 
I 
I 

I I I 
10.8 I v I 
11.5 I v I 

13.0 14.0 I v I 
I I I I 

-.~-..---------------------~---~----------,_.~-~---~---------~--------------~~ 
VT- I Schmitt-Trigger, Negative-goinq)l.O 11.s I I v I 

I Threshold I I I I I 
----------------------------..i-------~---~------~--------~--------... -------

VOH I Output High Voltage I I I I I 
I Type Bl I I I I I 1 
I Type B2 12.4 14.5 I I v I 2 
I Type B4 I I I I I 3 
I Type BB I I I I I 4,6 
I Type B12 I I I I I 5,7 

~-----~~---.-~--------------------------------------- ... ,._. ___________ ,_, ____ 
VOL I Output Low Voltage I I I I I 

I Type Bl I I I I v I 8 
I Type B2 I 10.2 10.4 l v I 9 
I Type B4 I I I I v I 10 
I Type BB I I I I v I 11,6 
I Type Bl2 I I I I v I 12,7 

~~~~~-~------------------------------------~-----------------------
I Hysteresis, Schiimitt Trigger 11.0 11.5 I I v I 13 

----~------~-----------------------------~~~-~--------------~------
II I Input Current, CMOS, TTL Inputsl-10 l+/-11 10 I uA I 14 

I Inputs with Pulldown Resistors I 10 I 35 1120 I uA I 15 

I 
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I Inputs with Pullup Resistors 1-1001-30 I -8 I uA I 16 
1-------------------------------------------------------------------1 
I IOS I Output Short Circuit Current 
I I 

I 15 I 50 I 130' mA I 1 7 I 21 I 
I -5 1-25 1-1001 mA I 18,21 I 

1-------------------------------------------------------------------1 
I IOZ I 3-State Output Leakage Current 1-10 l+/-11 10 I uA I 19 
1-------------------------------------------------------------------1 
I IDD I Quiescent Supply Current )User-Design Dependentl 20 
===============~==~====~============================================ 
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NOTES: 

1. 
. 2. 

3. 
4 • 
5. 

IOH 
IOH 
IOH 
IOH 
IOH 

- -1.0 -
- -2.0 -
- -4.0 
- -8.0 
- -12 -

mA 
rnA 
rnA 
mA 

mA 
6. Requires one output pad 
7. Requires two output pads 
8. IOL == 1.0 mA 
9. IOL c:: 2 • 0 mA 

10. IOL = 4.0 mA 
11. IOL == 8.0 rnA 
12. IOL c: 12 mA 
13. VIL to VIH 

VIH to VIL 
14. VIN = VDD or vss 
15. VIN = VDD 
16. VIN - VSS 
17. VDD ~Max, VO ~ VDD 
18. VDD ~Max, VO = OV 
19. VOH ~ VSS or VDD 
20. VIN ~ VDD or vss 
21. Type B4 output. Output short circuit current for other outputs will 

scale. Not more than one output may be shorted at a time for a 
maximum duration of one second. 

6. AC CHARACTERISTICS: 
(VCC == 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 100 pF) 
~------------------------------------------------._.. _ _.._.._._ ~--__. _____ ..... ______ _,__.. _____ ~--_...._~-------------~----------------
I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITI 
)Min (Max I r 

s====c:========~========================================~============== 

tTCT I TCLK Period I 40 I I ns I 
---------------------------------------------------------1 

tTCH I TCLK High Time I 17 I ns I 
---------------------------------------------------------1 

tTCL I TCLK Low Time I 17 I ns I 
---------------------------------------------------------! 

I TCLK to Output Valid I I 20 I ns I _________________________________________________________ , 
I TCLK to Output Invalid I 3 I ns I 

---------------------------------------------------------} 
I Input Setup to Clock I 15 I ns I 

---------------------------------------------------------) 
I Input Hold Time to Clock I o I ns 1 

===========================================::i::=======~============ 
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I t23 
I 
I 

I From CS active to 
I /DAC CS Active 
I 

0 I 20.0 I ns I 
I I I 
I I I 

1--------------------------------------------------------1 
I t24 I From CS Inactive to 
I I /DAC CS Inactive 

I 0 
I 

I 20.0 I ns I 
I I I 

1--------------------------------------------------------1 
I t25 I From RD,A Valid to CS Active I 0 I ns I 
1--------------------------------------------------------1 
I t26 I From CS Inactive RD,A Invalid! 0 I ns I 
~~~===~~~~====================:=::=========================== 

* COOT 
CMA 
CCTL 

Capacitive load all outputs except those below 15 pF 
Capacitive load MA,WE,RAS,SC 100 pF(l6*6pF) 
Capacitive load CAS 24 pF(4*6pF) 

8. CAPACITANCE: 
====================~~====~~~===================~==================== 

I SYMBOL I 
I I 

PARAMETER I LIMITS 
I Min I Max 

IUNITI 
I I 

~============~===========~========================================= 

I CI/O I Input/Output Capacitance per Slot I 20 I pF I 
1----------------------------------------------------------------1 
I CLS I Maximum Capacitance Load per System I I 100 I pF I 
========================================================================= 

9. TRUTH TABLE: N/A 

10. FUNCTIONAL TABLE: N/A 

11. OUTLINE DRAWING: N/A 

12. WAVEFORMS: N/A 

DATE: 1/04/89 

AUTHOR: PL 

-----------------------------------------------------------------------
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7. AC OPERATING REQUIREMENTS* 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC) 
==================================~======================= 

1·sYMBOL r 
I I 

PARAMETER I LIMITS IUNITI 
I Min I Max I I 

===========================================~============= 

I tl 
I 

I From CLK High to 
I CLK Cycle + CLK High 

I 40 
I 

I ns I 
I ns I 

1--------------------------------------------------------1 
I t2 I From CLK High to CLK Low I 13.0 I I ns I 
1--------------------------------------------------------1 
t t3 I From CLK Low to CLK High I 13.0 I I ns I 
1--------------------------------------------------------1 
I t4 I From CLK High to RAS Valid 0 I 15.0 I ns I 
1--------------------------------------------------------1 
I tS I From CLK Low to CAS Valid I 5. 0 I 15. O I ns I _______ ,.... ____ .., ______________ .,... ______________________ ~---~-----~ 

t6 I From CLK High to Address, 
I WE Valid 

I 5. O I 2 5. o I ns 
I I I ns ~_. .... ._._ _____________________________________________ ~-----.---

t7 I From AS Valid to CLK High I 10.0 I I ns 

t8 I From Proterr Valid to CLK High 10.0 I I ns 

---------------~----------------------------.----~--------------
t9 I From CLK High to AS Invalid I 10.0 I I ns _________ ,_, __ ,_, _____ ... _. ________ ~----i.-~----------~--------------. 
tlO I From XCLK High to 

I XCLK Cycle + XCLK High 
I 10.0 I 
I I 

I ns 
I 

1--------------------------------------------------------
tll I From XCLK High to XCLK Low I 3.0 I ns 

-----.-..-.---~-------------------~----------------~--~~~,..---
t12 I From XCLK Low to XCLK High I 3.0 I ns 

~-.-.~------~----------------------------.- ....... _______________ _ 
t13 I From XCLKP Valid to 

I XCLKN Valid 
J O 
I 

I 3. 0 I ns 
I I 

------~-----------._,,.-,_.~---,.....-.~--.~--.~-----------------------~~~-,_. 

t14 I From XI(*) High to XO(*) Low I 0 I 5. 0 I ns 
~---,_ ________ _.,_,~,..------.i~----~-~-._-------------~----------,_.----~ 
tl5 I From CLK4 High to /DAC ID High 0 I 20.0 I ns 

---------------~----~,._i.-----.-------------.-.-.~-------------
tl6 I From CLK4 High to SC High I 2. O I 30. O I ns 

--------._,~,_.._..,_ ______________ ~--------------.._..-.~~-------------
t17 I From CLK4 High to BLANK, I 2.0 I 30.0 I ns 

I I SYNC Valid I I I 
(--------------------------------------------------------
I t18 I From ID High to SC High I 2. O I 10 • O I ns 
1--------------------------------------------------------
I tl9 I From ID High to BLANK Valid I 2.0 I 20.0 I ns 
)--------------------------------------------------------
I t20 I From ID High to SYNC Valid I 2. O I 20 • 0 I ns 
!--------------------------------------------------------
I t21 I From CS Active DATABOS Valid I 0 I 30.0 I ns 
1--------------------------------------------------------

t22 I From CS Inactive to DATABUS 
I Tristate 

0 I 30.0 I ns 
I I 
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1. P/N: 100-1803-02 2. REV: 50 

3. DESCRIPTION: IC,GA,S4-DMA 

4. PHYSICAL MODEL: (120 Pin PFP) 

A. Pinout: *Top View 

120 ** 110 ** 100 ** 91 
I \ 

1 90 
* * 
* * 

10 so 
* * 
* * 

20 70 
* * 
* * 

30 61 
\ I 

31 ** 40 ** 50 ** 60 

1 - /SLOW 31 - /D DBUS.7 61 - VDD 91 - vss 
2 - TEST 32 - /D DBUS.6 62 - /E AD.l 92 - /SB /IRQ 
3 - /OD TST 33 - ID DBUS.5 63 - /E AD.0 93 - /SB DBUS.8 
4 - /SB PA3 34 - /D DBUS.4 64 - /E AD.13 94 - /SB DBUS.9 
5 - /SB PA2 35 - /D DBUS.3 65 - /E AD.14 95 - /SB DBUS.10 
6 - /SB PAl 36 - /D DBUS.2 66 - /E AD.15 96 - /SB DBUS.11 
7 - VDD 37 - /D DBUS.l 67 - /E AH.0 97 - /SB DBUS.12 
8 - vss 38 - /D DBUS.0 68 - /E AH.l 98 - /SB DBUS.13 
9 - /SB PAX 39 - /D RESET 69 - /E AH.2 99 - /SB DBUS.14 

10 - /SB PAY 40 - ID /IRQ 70 - /E AH.3 100 - /SB DBUS .. 15 
11 - /SB /MERR 41 - /D /CS 71 - vss 101 - /SB DBUS .;16 
12 - /SB /BG 42 - vss 72 - VDD 102 - /SB DBUS.11 
13 - /SB /BR 43 - VDD 73 - /E AB.4 103 -
14 - /SB /ERR 44 - /SB CLK 74 - /E AH.5 104 - VDD 
15 - /SB /ACK32 45 - /D /FD 75 - /E AB.6 105 - vss 
16 - /SB SIZ2 46 - /D /WR 76 - /E AH.7 106 - /SB DBUS.lE 
17 - /SB SIZl 47 - /D REQ 77 - /SB /ACK8 107 - /SB DBUS.lS 
18 - /SB SIZO 48 - /D /ACK 78 - /SB /RESET 108 - /SB DBUS.2C 
19 - VDD 49 - /E AD.12 79 - /SB READ 109 - /SB DBUS.2J 
20 - 50 - /E AD.11 80 - vss 110 - /SB DBUS.2~ 
21 - /ID /CS 51 - /E AD.10 81 - /SB /SEL 111 - /SB DBUS.2~ 
22 - /E BYTE 52 - VSS 82 - /SB /AS 112 - /SB DBUS.2' 
23 - /E /CS 53 - /E AD.9 83 - /SB /DBUS.0 113 - /SB DBUS .2! 
24 - /E READ 54 - /E AD.8 84 - /SB /DBUS.1 114 - vss 
25 - /E /HLDA 55 - /E AD.1 85 - /SB /DBUS.2 115 - /SB DBUS.2f 
26 - /E /BOLD 56 - /E AD.6 86 - /SB /DBUS.3 116 - /SB DBUS. 2· 
27 - /E /AS 57 - /E AD.5 87 - /SB /DBUS.4 117 -· /SB DBOS. 2f 
28 - /E /DAS 58 - /E AD.4 88 - /SB /DBUS.5 118 - /SB DBUS.2~ 
29 - /E /FIJY 59 - /E AD.3 89 - /SB /DBUS.6 119 - /SB DBOS. 31 
30 - vss 60 - /E AD.2 90 - /SB /DBUS.7 120 - /SB DBOS.3 
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B. PIN DESCRIPTION: 
--------------------------------
SYMBOL 
------
-----~~--------._ 

/SB 0(31:0) 
/SB /BR 
/SB /BG 
/SB /ACK32 
/SB /ACKS 
/SB /RESET 
/SB /ERR 
/SB /MERR 
/SB CLK 
/SB RD 
/SB /SEL 
/SB /IRQ 
/SB SIZ(2:0) 
/SB /AS 
PA(X:Y) 

PA(3:1) 

TYPE 
~-----

BD4TU 
BT4 
TLCHTU 
BD4TNU 
BD4TNU 
TLCHTU 
BD4TNU 
TLCHTU 
DRVC16 
BD4TU 
TLCHTU 
BD4TOD 
BD4TU 
TLCHTU 
TLCHTU 

TLCHTU 

ETHERNET INTERFACE 32 
-------------------
/E /AS 
/E /HOLD 
/E /HLDA 
/E /READ 
/E /DAS 
/E /RDY 
/E /CS 
/E BYTE 
/E A23:16 
/E AD15:0 

DMA INTERFACE ,_ ___________ _ 

/D 07:0 
/D REQ 
ID /ACK 
ID /RD 

/D /WR 

/D /CS 
ID /IRQ 
ID /RESET 
/ID /CS 

TLCHTD 
TLC BTU 
BT4 
BD4TU 
BD4TU 
BD4TU 
BT4 
TLCHTU 
TLCHTD 
BD4TU 

16 

BD4TD 
TLC HT 
BT4 
BT4 

BT4 

BT4 
TLCHTU 
BT4 
BD4T 

DESCRIPTION 
-------------.--

Sbus Data Bus 
Sbus Bus Request 
Sbus Bus Grant 
Sbus 32bit Acknowledge 
Sbus 8bit Acknowledge 
Sbus Reset 
Sbus Error 
Sbus Memory Error (INT15) 
Sbus Clock Input 
Sbus Read/Write 
Sbus Select 
Interrupt Request (open-drain) 
Sbus Transfer Size 
Address Strobe (address is valid) 
Physical Address lines 
{for slave decodes) 
Physical Address bits 

Ethernet Address Strobe 
Ethernet Hold 
Ethernet Hold Acknowledge 
Ethernet Read 
Ethernet Data Strobe 
Ethernet Ready 
Ethernet Chip Select 
Ethernet Byte marker 
Ethernet High Order Address 
Ethernet Address I Data Bus 

DMA Data Bus 
DMA Request 
OMA Acknowledge 
DMA Read Strobe. 
(reg read or DMA to memory). 

DMA Write Strobe. 
(reg write or DMA from memory) . 

DMA Chip Select for slave register acces 
DMA Interrupt Request 
DMA Reset 
Secondary Device Select 
(boot prom) output Strap High to 
specify existence of external prom. 
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MISCELLANEOUS 
---------- ..... ~--

FAST//SLOW 

/TEST 

/OD TST 

4 

TLCHTU 

IBUFU 

BT4 

Fast or Slow DMA Acknowledge cycles 
(For use with ESP SCSI controller 
fast mode should be used - internal 
pullup means this requires no ex­
ternal connection for fast mode) . 
Test control. When Low enable pa­
rametric test output and disables all 
tri-state drivers. When High disables 
parametric test output. 
Parametric test output 

5. DC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 100 pF) 
==~============================~===========~====~=========================~= 

I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITI NOTES I 
IMin \Typ IMax I I I 

==~~~~==-=====~===========-======================-====~============================= 

I VIH 
I 

I Input High Voltage 
I TTL Inputs 

I I 
J 2. 0 I 

I 
I 
I 
I 

I I 
I v I 
I I 
I V I 

I 
I 

I Temperature Range 
I CMOS Levels 

I I 
J3.5 I 

)-------------------------------------------------------------------
I VIL 
I 

I Input Low Voltage 
I TTL Inputs 

I 
I 
l 

I I 
10.8 I v 
Jl.5 I v 

I 
I 
I I I CMOS Levels 

1-----------------------------------------------------~-------------
I VT+ I Schmitt-Trigger, Positive-goingl 
I I Threshold I 

13.0 14.0 I v I 
I I I I 

)-------------------------------------------------------------------
VT- I Schmitt-Trigger, Negative-goingll.O 11.5 I I v I 

I I 

VOH 

I Threshold I I I 

I Output High Voltage 
I Type Bl 
I Type B2 
I Type B4 
I Type BS 
I Type B12 

I 
I 
f 2.4 
I 
I 
I 

I I 
I I 
14.5 I 
I I 
I I 
I I 

I 
I 
IV 
I 
I 
I 

I 
I 1 
I 2 
I 3 
I 4,6 
I 5,7 

------------------~-----~------.-.---,,_.. ... ._ __ ._. ... .__~_._._, __ ~-----.-..-.------~---.,-.~ 
VOL I Output Low Voltage 

I Type Bl 
I Type B2 
I Type B4 
I Type BB 
I Type Bl2 

I 
I 
I 
I 
I 
I 

I 
I 
10.2 
I 
I 
I 

I I 
1 I v 
10.4 I v 
1 I v 
I I v 
I I v 

I 
I 8 
I 9 
I 10 
I 11,6 
I 12,7 

--.-------~~----,_,---~-~---------._-~--.--~----------------------- ... -.-.-------
I Hysteresis, Schiimitt Trigger 11.0 11.5 I I v I 13 

._._. __________ ,_ _____ ,_,~-------------... --~-~-------~-~------------~--------.--
II I Input Current, CMOS, TTL Inputsl-10 l+/-11 10 I uA I 14 

I Inputs with Pulldown Resistors I 10 I 35 1120 I uA I 15 
I Inputs with Pullup Resistors 1-1001-30 I -8 I uA I 16 

-------~---------~.-.-.------------------..---------------..-.-----------~-----------
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I IOS I Output Short Circuit Current 
I I 

I 15 I 50 I 1301 mA I 17,21 I 
I -5 1-25 1-1001 mA I 18,21 I 

1-------------------------------------------------------------------1 
I IOZ I 3-State Output Leakage Current 1-10 J+/-11 10 I uA I 19 

. 1-------------------------------------------------------------------1 
I IDD I Quiescent Supply Current )User-Design Dependentl 20 
---------------.-..---.-..---------------------------------------------------________________ _.... _______________________________________ ~.------------
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NOTES: 

1. 
2. 
3. 
4 . 
5. 

IOH 
IOH 
IOH 
IOH 
IOH 

- -1.0 
- -2.0 -
- -4.0 
== -8.0 
- -12 -

mA 
mA 
mA 
mA 

mA 
6. Requires one output pad 
7. Requires two output pads 
8. IOL s:: 1.0 mA 
9. IOL == 2.0 mA 

10. IOL ~ 4.0 mA 
11. IOL - 8.0 mA 
12. IOL == 12 mA 
13. VIL to VIH 

VIH to VIL 
14. VIN = VDD or VSS 
15. VIN c:: VDD 
16. VIN -== VSS 
17. VDD ==Max, VO= VDD 
18. VDD ~ Max, VO = OV 
19. VOH = VSS or VDD 
20. VIN ~ VDD or VSS 
21. Type B4 output. Output short circuit current for other outputs will 

scale. Not more than one output may be shorted at a time for a 
maximum duration of one second. 
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6. AC CHARACTERISTICS: 
(VCC = 4.75 to S.25V, TA= 0 to +70oC) 
===================================~============================= 

I . NO I SYMBOL I 
I I I 

PARAMETER I LIMITS IUNITI 
I Min I Max I I 

==============~===============================~==============~~== 

1 I CLK I Clock period I 30 I J ns I 
-~~---~----~---~--------~~~~----------------~----~-------------

2 I CLK I Clock High I ns 
----~~~~~-~~-----------~----~---~~-~-------------~----------~~~ 

3 I CLK I Clock Low I I ns 
-~~-~-~-----~~-~~---------~---------------~-~~----~~~----------

4 f Note 22 I Hold WRT CLKA 0 I I ns 
~----~-----,_. .... .-~~---------------~-------------~._,__.,_,._. __ ~~~._.~ __ ._ _______ _ 

5 JNote 22 I Setup to CLKA I 14.0 I I ns 
._._----------------~~--------------------~~._,._.,...,_,._.~---.-.-~~~------------

6 INote 22 I Setup to CLKA I 23.0 I 
----------------------------------------~..-.------------------------------

7 f Note 22 I Hold WRT CLKA I 5.0 I ns __________________ ,_ _____ ._..-i..----~-------------------------------------
8 f Note 22 I Setup to CLKA I 13.5 I I ns 

!---------------------------------------------------------------
I 9 INote 22 I Hold WRT CLKA 0 I ns 
1---------------------------------------------------------------

10 INote 22, I CLKA to Output Valid I 30.4 I ns 
I 26 I I I 

---------------~--------------~._------~,-.~--~--------------------
11 INote 22, I CLKA to Output Invalid 

I 26 I 
f 
I 

I 22.0 I ns 
I I 

-------.-,--------------------~---._. ____ ._. __ ~ ____ ._. ___ ,_ _________ ~.._~--~-~------
12 )Note 22, I CLKA to Output Valid 

I 27 I 
I 
I 

I 31.4 I ns 
I I __________ ._ ___________________ ~-~- ... ____ ,... __ ~._.~-------._.-.-.---------~~~ 

13 INote 22, I CLKA to Output Invalid I 19.7 I ns I 
I 27 I I I 

----------------------------------------------~------------~---------
14 INote 22, I CLKA to Output Low 

I 26 I 
I 
1 

I 24.0 I ns 
I I 

._------~----------------------------------------------------------
15 (Note 22, I CLKA to Output High 

I 26 I 
I 
I 

I 18.5 I ns 
I I _________________ ._. __________________ .._. ___ __. _____ ~------------------------

16 l/D REQ I Setup to CLKA I O I I ns 
--------------------~-------~~----~,_.._.-~-~---_.._.._. _____ 4-______ ~------~--_. 

17 l/D REQ I Hold WRT to CLKA I 3. 7 I I ns 
--~.-..--------~~--------~----------------------~-----~-------------

18 l/D OBOS I Setup to CLKA 
I (7:0) I 

I 2.0 I 
I I 

I ns 
I 

---------------~~,-.--~~-------_.._,_, ____________________________________ _ 
19 l/D DBUS l Hold WRT to CLKA 

I (7:0) l 
I 3.5 I 
I I 

I ns 
I 

~._-----.------------~~-~~-._---~----~-----.__,_, _____ ._._._. ______ ~.---,_.~._---~_. 
20 l/D IRQ I Setup to CLKA I O I I ns 
--~~----------------------------.-------- ..... ~-.-----------------------

21 l/D IRQ I Hold WRT to CLKA I 4.0 I ns 
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1---------------------------------------------------------------1 
I 22 l/D /RD I CLKA to Output Low I 25.5 I ns I 
I I I (Note 2 8) I I I 
1---------------------------------------------------------------1 
I 23 l/D /RD I CLKA to Output High 
I I I (Note 28) 

J 2 0. 0 I ns I 
I I I 

1----------------------------------------------------------------1 
I 24 l/D /WR I CLKA to Output Low I I 22.5 I ns I 
I I I C Note 2 8) I I I I 
1---------------------------------------------------------------1 
I 25 l/D /WR I CLKA to Output High I 18.0 I ns 
I I I (Note 28) I I 
1---------------------------------------------------------------
I 26 l/D DBUS I CLKA to Output Valid 
I 1(7:0) I (Note 28) 

I 
I 

I 2 9. 0 I ns 
I I 

1---------------------------------------------------------------
I 27 l/D DBUS I CLKA to Output Invalid 
I I (7:0) I (Note 28) 

I 
I 

I 21.0 I ns 
I I 

(---------------------------------------------------------------
I 28 INote 2,71 CLKA to Output Low I I 24.0 I ns 

(---------------------------------------------------------------
I 29 INote 2,71 CLKA to Output High I 19 . 0 I ns 

1---------------------------------------------------------------
I 30 INote 3 I /D /RD to /D DBUS Valid I 50 I ns 
1---------------------------------------------------------------
I 31 INote 3 I /D /RD to /D DBUS Invalid 0 I I ns 
(----------·-----------------------------------------------------
I 32 I /D 
I I RESET 

I CLKA to Output Low 
I (Note 28) 

I 
I 

I 20.0 I ns 
I I 

)---------------------------------------------------------------
I 33 I /D 
I I RESET 

I CLKA to Output High 
I (Note 28) 

I 
I 

I 18.0 I ns 
I I 

~-----------i_,-------~------------------------~------~----~~~.-.------
34 l/D /ACK I CLKA to Output Low 

I I (Note 28) 
I 
I 

I 28.5 I ns 
l I 

-------------.-.----------~...,------~-----~--------------------~-----------
35 l/D /ACK I CLKA to Output High 

I I (Note 2 8) 
I 
I 

I 17.0 I ns 
I I 

__ ._. ____ ._.~-------------._----------------~------~-~-------------------
36 l/E AD I Setup to CLKA 

1(15:0) I (Note 28) 
I 1.0 I 
I I 

I ns 
I 

----~~----~----.-._.. ... --~~----------~---~--~~~--~--~----------.------
37 l/E AD I Hold WRT to CLKA 

I (15:0) I (Note 25) 
I 4.0 
I 

I ns 
I 

---------~-------------------------------~-----~-----~-.-----------
38 (/E AD I CLKA to Output Valid 

1(15:0) I (Note 28) 
I 
I 

I 36.0 I ns 
I I 

----.... ~--~-------- ... .-~--------------------..-~~-----,.-,.-.-,-.--.-.----.-.------
39 )/E AD I CLKA to Output Invalid 

1(15:0) I (Note 28) 
I 
I 

I 25.0 I ns 
I I 

------------..-.-----------------------~-_,_, ________________ ._. _________ ,_._ 

40 l/E /HLDAI CLKA to Output High 
I I (Note 28) 

I 
I 

I 18.0 I ns 
I I 

-------------~~,_, ___________________ .__ _____ ._ _______________ ~._. .... ._ ___ ,_ ___ _ 
41 l/E /HLDAI CLKA to Output Low 

I I (Note 28) 
21.5 I ns 

I 



Oct 13 16:30 1989 

!---------------------------------------------------------------) 
I 42 l/E READ I CLK~ to Output Valid 
I I I (Note 28) 

I 15.5 I ns I 
I I I 

---------------------------------------------------------------! 
. 43 l/E READ I CLKA to Output Invalid 

I I (Note 28) 
I 12.0 I ns I 
I I I 

---------------------------------------------------------------! 
44 f /E /DAS I CLKA to Output Valid 

I I (Note 28) 
I 
I 

I 23.0 I ns I 
I I I 

---------------------------------------------------------------1 
45 f /E /DAS J CLKA to Output Invalid 

I I (Note 28) 
I 
I 

I 18.5 I ns I 
I I I 

---------------------------------------------------------------1 
46 J/E /RDY I CLKA to Output Valid I 23.0 I ns I 

I I (Note 28) I I 
--------------~.-,_.--~----------~-------------------------.----------

47 J/E /RDY I CLK~ to Output Invalid I 17.5 I ns 
I I I (Note 2 8) I I 
1---------------------------------------------------------------
I 48 l/E /CS I CLKA to Output High 
I I I (Note 28) 

l 
I 

I 15.5 I ns 
I I 

1---------------------------------------------------------------
I 49 l/E /CS I CLKA to Output Low I 20.0 I ns 
I I I (Note 2 8) I I 
1---------------------------------------------------------------
I SO l/E /RDY I Setup to CLKA I 0 I ns 
---------------------------------------------------------------1 

51 l/E /RDY I Hold WRT to CLKA I 2. 8 I ns I 
---------------------------------------------------------------1 

52 J/E AD I ADDR Setup to /E /AS Low 
I < 15: O > I 

53 J/E AD I ADDR Hold WRT /E /AS High 
I (15:0) I 

I 
I 

I 
I 

I 15.0 I ns I 
I I I 

I O 
I 

I ns 
I 

--------------------------------~._.,_.-i _____ ._. ___ ._. __________ ~-------
54 l/E /HOLDI Setup to CLKA I I O I ns 

--------~~---------------~-----------~----------,_ _____________ -.ii_~ 

55 l/E /HOLDI Hold WRT to CLKA I I 4. 0 I ns 
..,----~-~- .... ~-~----~-------------------- ... ~~~--~~~~~ ... ,...~-._.~-~~-~--~--

56 INote 22 I Setup to CLKA I O I I ns 
----------------------------------~-..-.~,_.-.-.._~~.-.~-~,_.,,_.,~~~-----.-~---

57 INote 22 I Hold WRT to CLKA I 3.0 I I ns 
------.-,-.~-----------------------~-.--~--------~...------~---~--~-~-~~~~._, 

58 I I CLKA to Output Valid I I 15.5 I ns 
-~---------._ .... -----~---~---.---------~._. ____________ ~--------------------

59 I I CLKA to Output Invalid I I 12.0 I ns 
~============~==========:=='======~=================~================== 
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NOTES: 

22. These values represent the timing characteristics of groups 
of signals. By referring to the Timing Diagrams it can be 
seen that one mnemonic value can represent many different 
signal paths. 

23. These timing parameters are true for both the singals 
/D /CS and /ID /CS. 

24. The documented values represent the timing of an external 
device (in this case the ESP SCSI chip), to which this 
gate-array is matched by design. 

25. The Setup and Hold times refer to the timing diagram on which 
they are shown, and in particular to the clock edges shown. 
the /E AD bus is designed to be that of the LANCE Ethernet 
controller. Internal to this chip the /E AD bus is not latched 
for at least 2 clock cycles to alleviate any potential timing 
problems. Hence the Ons timing requirements shown are true 
only if the cycle by cycle handshaking specified by the LANCE 
is maintained. 

26. Load ~ 100 pF 
27. Load~ 130 pF 
28. Load~ 80 pF 

7. TRUTH TABLE: N/A 

8. FUNCTIONAL TABLE: N/A 

9. OUTLINE DRAWING: N/A 

10. WAVEFORMS: N/A 

DATE: 1/03/89 

AUTHOR: PL 

-----------------------------------------------------------------------
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Features 

• Pin compatibility and software compatibility to the S4-DMA 

• Support for concurrent 5 MByte/sec SCSI and 1.25 MByte/sec 
Ethernet transfers with a 20 or 25 MHz SB us Clock 

• Support for 16-byte SBus bursts 

• ''NEXT'' address/byte count feature for data block chaining 

... .. sb d(31:0 -
sb hr - -.. sb_bg_ .. .. sb ack32 -.. .. sb ack8 - -.. sh reset - -.. .. sb err - -

~ sb merr - -
~ sb elk -
~ ... sb rd -.. sb sel - -

sb_irq_ 
~ .. sb siz(2:0 -.. sb as -
4 sb si(X:Y -.. sb a(3:1) -
44~-test 

od_/ptst_ 

-

DMA paths 
····---·····-· Slave paths 
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1.0 Pin Description 

Name Pin Type 

SB us Interface 51 

sb_d(31:0) 120-115, 113-106, BD4nJ 

sb br - -
sb_bg_ 
sb ack32 - -
sb_ack8_ 
sb reset - -
sb_err_ 
sb_merr_ 
sb_clk 
sb_rd 
sb_sel_ 
sb_irq_ 
sb_siz(2:0) 
sb_as_ 
sb_a(X:Y) 
sb_a(3:2) 

102-93, 90-83 
13 
12 
15 
77 
78 
14 
11 
44 
79 
81 
92 
16-18 
82 
9-10 
4-5 

LANCE Interface 32 

e as 21 - -
e hold - - 26 
e_hlda_ 25 
e_read 24 
e_das_ 28 
e_rdy_ 29 
e cs 23 - -
e_byte 22 
c_a23:16 76-73, 70-67 
c_ad15:0 (>6..64, 49-51, 

53-60, 62-63 

ESP Interface 16 

d_d7:0 
d_req 
d_ack_ 
d_rd_ 
d_wr_ 
d_cs_ 
d_irq_ 
d_reset 
id_ cs_ 

31-38 
47 
48 
45 
46 
41 
40 
39 
21 
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BT4 
TLCHTU 
BD41NU 
BD41NU 
1LCHTU 
BD41NU 
lLCHTU 
DRVC16 
BD4ru 
lLCHTU 
BD4TOD 
BD4n.J 
lLCHTU 
lLCHTU 
lLCHTIJ 

TLCH'l'D 
TLCHTU 
BT4 
BD4nJ 
BD4nJ 
BD4nJ 
BT4 
1LCH1U 
TLCH'ID 
BD4nJ 

BD4TD 
TLC HT 
BT4 
BT4 
BT4 
BT4 
1LCHTU 
BT4 
BD4T 

Description 

SB us Data Bus 

SB us Bus Request 
SBus Bus Grant 
SBus 32bit Acknowledge 
SBus 8bit Acknowledge 
SBusReset 
SBusError 
SBus Memory Error {INT15) 
SB us Clock input 
SBus Read/Write_ 
SBus Select 
Interrupt Request (open-drain) 
SBus transfer Size 
Address sb'Obe (addr is valid) 

S4-DMA+ 
preliminary 

Physical Ad~ lines (for slave decodes) 
Physical Address bits 

Ethernet Address Strobe 
Ethernet Hold 
Ethmiet Hold Acknowledge 
Ethernet Read 
Ethernet Data Sttobe 
Ethernet Ready 
Ethernet Chip Select 
Ethernet Byte marker 
Ethernet High Order Address 
Ethernet Address I Data Bus 

DMADataBus 
DMARequest 
DMA Acknowledge 
DMA Read Strobe. (reg read or dma data to memory). 
DMA Write Strobe. (reg write or dma from memory). 
DMA Chip Sele-et for slave register access. 
DMA Interrupt Request 
OMA Reset 
Secondary Device Select (boot prom) output 
Pull high to specify existence of external prom 
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Miscellaneous 4 

Name Pin Type Description 

fast/slow_ 1 lLCHTU fast or slow DMA acknowledge cycles 
(For use with ESP SCSI conttoller 
fast mode should be used - internal pullup means 
this requires no external connection for fast mode). 

test_ 2 IBUFU Test control When low enables parametric test 
output and disables all tti-swe drivers. When high 
disables parametric test ourpuL 

od_tst 3 BT4 parametric test output 

Name Pin Number Description 
-----~-··· - ...-.-.~--~-~------~-------------------.------------.-.~-...~~-

Signals: 103 
VDD: 7, 19,43, 61, 6 +SVolt power connection 

72,104 
VSS: 8, 30, 42, 52, 9 Ground connection 

71, 80, 91, 105, 
114 

NC 6,20, 103 3 No COMection 
TOTAL: 120 

Pan; 

Package: PFP120 
,_._._, . .._.__._ __ . ___ ~.__. ...... ~____..,_,_ -· - -- --- ----· ---.-.~----·---
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1.1 Block Diagram 

SBUS 

LANCE ESP 

DMA data path --Addr & ctrl paths 
.. ,,,,,,,,,,,,,...: Slave data path 
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2.0 SBus Interface 

The S4-DMA+ provides for the communication between the SB~ and two 1/0 devices, each of which are con­
nected to separate poru of the S4-DMA+. One 1/0 device port is tailored to interface with the AMO 
AM7990 LANCE Ethmtet Controller, and the other pon is tailored to interface with the NCR 53C90 ESP 
SCSI controller. However, it is possible to interface with othez l/O devices with some external logic. In 
this document, the two pons will be referred to as the ESP interface and the LANCE interface, and it will be 
assumed that lhe ESP and LANCE are connected to their respective interfaces. Also, the two caches associat­
ed with these interfaces will be referred to as the D~he and the E-cache, ~tively. (For historical rea­
sons, things associated with the ESP have names beginning with "d" and things associated with the LANCE 
have names beginning with "e"). 

The S4-DMA+ provides both Slave cycle and Muter cycle ~ over the SBus. Address and Conttol regis­
ters in the S4-DMA+ gate may, along with similar registers in both the LANCE and the ESP (or other de­
vices in their places), can be accessed by the CPU via Slave cycles. 

2.1 Master Cycles 

To perform a Master Cycle the S4-DMA+ requests the use of the SBus by asserting sb_br_, the bus request 
signal. On reception of sb_bg_, bus grant, the S4-DMA+ takes control of the SBus to transfer data to or 
from memory, using the signals sb_d(31:0), sb_read, sb_siz(2:0), sb_err, sb_ack8_ and sb_ack32_ . The ad­
~ is multiplexed oruo the sb_d bus for all accesses on the SBus. 

All DMA reads from memory will be 4-word bursts. DMA writes to memory can be any size (i.e. byte9 
half-word, word or 4-words.) The S4-DMA+ SBus interface will always use the largest size possible when 
writing to memory. The largest possible size is determined by which bytes have been wriuen to the 
S4DMA+ by the J/O device. 

The SBus interlace of the S4-DMA+ is capable of supporting rerun acknowledgments flom slaves. The re­
quested DMA transfer will 1epeat until either it complete-S or an eiror indicator (sb_errJ is received9 where­
upon it will be aborted. When the S4-DMA+ receives a rerun acknowledge, it will unassen sb_br_ for one 
clock to give the CPU and other DMA masters a chance to win SBus arbitration. Then it will re-assen 
sb_br_ to reay the cycle. 

Once the 54-DMA+ lw msetted sb_br_, it will not unassert it until it lw received sb_bg_. 

2.2 Slave Cycles 

The CPU accesses registers in the 54-DMA+ chip and atrached devices by the use of a geogiaphical select sig­
nal m the SBus, sb_sel_ , in conjunction with sb_m_. Within the geogiaphical select the S4-DMA+ will 
decode the Physical ad~, (sb_a(X:Y)) in the following way; 

sb_a(X:Y) Addressed device 

()() 

01 
10 
11 

Internal ID field (or external if id_cs_ is pulled high) 
On chip registers 
ESP registers (off-chip) 

LANCE registers (off-chip) 

Note: sb_a(X:Y) = sb_a(23:22) on Campus and Calvin. 

S4-DMA+ 7/12/89 Sun Confidential 
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• Byte and half-word sizes are also allowed on reads of these fields . 
•• Word and half-word accesses to this field are also allowed if the 8-bit ESP registers are at contigu­

ous addresses (they are not at contiguous addresses on Campus or Calvin). 
••• Byte a~~ are also allowed on reads of this field. Word accesses to this field are also allowed • 

but they don't necessarily make sense for the LANCE. 

During Slave Cycles the S4-DMA+ takes conttol of the sb_err, sb_ack8_ and sb_ack32_, signals. The com­
bination of ~ponses are as fallows: 

sb_ack8_ sb_ack32_ sb_err_ Definition 

1 I 1 insert wait states •• 

1 I 0 error •• 

1 0 1 32-bit pon ack •• • 

1 0 0 alternate et ror 

0 1 0 rerun •• 

0 0 1 16-bit pon ack •• 

0 1 1 8-bit pon ack •• 

0 0 0 reserved 

This table represents all possible SBus responses. The S4-DMA+ gate-array can, however, only generate 
those responses marked with a • •. 

The S4-DMA+ will give a rerun acknowledge if the slave access is to an l/O device (ESP or LANCE) that is 
cmrendy active with a DMA transfer to/from the S4-DMA+. It will not give a rerun if the slave access is 
to an internal register of the S4-DMA+; these accesses can take place concunendy with DMA activity be­
tween the l/O devices and the S4-DMA+. Forcing the SBus nwter' (usually the CPU) to rerun its slave ac­
ces.5eS in Ibis manner will insure that a deadlock docs not occur between the ESP or LANCE and the SBus nw­
aer. 

If the slave accesses to the S4-DMA+ does not cause a rerun acknowledge, then the S4-DMA+ will respond in 
the following way: 

Acknowledge 

32-bit port ack 
16-ponack 
8-bit pon ack 
sb err ack - -

S4 .. DMA+ 7/12/89 

Field accessed 

Internal ID or internal register 
LANCE register 
ESP register or external ID 
A byte or half-word write to an On-chip register, or a byte write to the LANCE 
registers or a slave access of some size other than word, half-word, or byte. 
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3.0 SBus Identification 

nus is a mechanism which allows software to uniquely identify each SB us device, since each device can have a 
unique ID. 

The onboard ID of the 54-DMA+ is hardwired to the 32-bit value fe810101, which the same as that of the 
S4-DMA. This value will be returned when the ID field is read by the CPU if the id_cs_ pin is tied low. If 
the id_cs_ pin is pulled high through a large (-4.7k) resistor, then ~ co the ID field will cause an exter­
nal access using the id_cs_ pin as a external chip selecL For offboard ID reads, ID data should be driven onto 
the d_dbus(7:0) when id_cs_ and d_rd_ are a.uened. sb_a bits can be used to address the exaemal ID PROM. 
Refer to Campus-I Programmers Model for furthez details. 

Note that for ofiboard ID reads, (external to the S4-DMA+,) lhe id_cs_ is simply an address decode from 
sb_a(X:Y); therefore, it can be active for a slave read cycle or a slave write cycle. 

4.0 LANCE Interface 
The S4-DMA+ will provide all necessary buffering and arbitration flDlctions to allow the LANCE to access 
main memory, over the SBus, (master cycle), and the CPU to a~ the LANCE, (slave cycle). Between the 
LANCE interfac.e and the SBus interface is a 2 line, 4-word/line cache (E-cache) with consistency conttol log­
ic. Each byte in the E-cache has its own valid/diny bit. and each line has a bit that detennin~ the me.aning of 
the valid/dirty bits for that line (i.e. valid or dirty). Bytes being transfell'Cd to memory are marlced dirty as 
they are loaded into the E-cache. Bytes being ttansfcrred from memory are marked u valid as they are loaded 
into the E-cache. Consistency conttol ensures that all data written by the LANCE gets to main memory in a 
deterministic manner, and is handled completely in hardware. 

The LANCE uses multiplexoo address and data. so the S4-DMA+ demultiplexes lhem inttmally. The ad­
dress supponed by the LANCE is 24 bits; u per the SUN-4 Alchitectural Specification the upper 8 bits of 
the 32 bit vinual ad~ are driven IO OxrF. The LANCE has a 16 bit data palh which can acoommodare 8 or 
16 bit accesses, by the use of byte masking capabilities. 

Data packing and unpacking is used to reduce the bus bandvlidth impact of LANCE transfers on the SBus. 
The LANCE performs 2 distinct types of memory access: data transfer from or to the network. and d~pter 
a~ for buffer management controt The LANCE perfo11us data transfers in bmsts of up to 8 half-word ac­
cesses (16 bytes total), and message descriptor transfers as single half-word accesses. The end of a LANCE 
transfec is detected by the wiassenion of the e_hold_ signal. 

Note: Any l/O device connected ao the LANCE interface of the S4-DMA+ is rcqum to unassen e_bold_ be­
tween write cycles and read cycles, and it is not allowed to unassert c_hold_ during the e_as_ or e_das_ puls­
es, or between these pulses. Also note that an l/O device conneaed to the LANCE intetface can easily drain 
all dirty bytes in the E-cache simply by auerting and then unasserting e_hold_. 

4.1 Transfers to memory 
Dara from the LANCE is packt-d into the E-cache and marked as ·dirty" until the last byte (byte IS) of an E­
cache line is wriuen to, or the end of the LANCE ttansfer (e_hold_ unassened) is dete-cted. If the last byte 
of a cache line is written to while the LANCE is still lranSf erring, the diny bytes of th.at cache line will be 
queue.d for draining to memory and data will immediately stan to be packed into the other cache line. Any 
time the end of a LANCE transfer is detected, all dirty bytes in the LANCE cache are queued for draining to 
memory. Titls rule ensures that no data is left in the pack buffer when the LANCE interrupts the CPU. 

Note that if some 1/0 device connected to the LANCE interface writes to the S4-DMA+ at a variety of ad­
dresses without unassening e_hold_, it is possible arrive at a situation where both E-cache lines contain dirty 
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bytes when the I/O device attempts to write to an address whose tag does not match one of the E-cache line 
tags. In this case, both E-ache lines will automatically be queued for draining in order to make room for 
the new data to be written. 

Note rhat if an I/O device connected to the LANCE interface makes more than one write to the same address 
without unassening e_hold_, the data previously stored at rhat address in the E-cache will be written over 
each time new data is written to that addre~. 

4.2 Transfers from memory 
If the data requested by the LANCE is not in E-cache or marked as not valid. then the Least Recently Used 
(LRU) E-cache line will be filled with the line from memory that contains the data requested As soon as 
the dara requested by the LANCE is written to the E-cache, it is transferred on to the LANCE (even if the 
entire E~he line has not yet been filled). Also, the word c.ontaining the requested data will be the fust 
one to be read from memory. 

If the data requested by the LANCE is in the E-cache and it is valid, then that LANCE gets a cache hi~ and 
the requested data is transferred to the LANCE and marked as no longer valid in the E-cache. If pan or all 
of the data on a cache hit comes from the byte in the E..cache line that is desaibed by bits 16:19 of the CSR 
(sec sec. 5.7), and the next cache line is on the same 4k page as the current line, and data is not being ftlle.d 
into the E-cache from memory. then a read-ahead operation will be peifonned. When a read-ahead occws, 
the E-cache line that does not contain the data requested by the LANCE will be filled with the next line 
from memory. The read-ahead happens concurrently with the transfer of the requested data to the LANCE. 

When a line of data is prefetched, that line is marked as Most Re;cently Used (MRU). Otherwise, the line 
that was most recently accessed by the LANCE is marked as MRU. The line that is not marked ti MRU is 
marked as LRU. 

While interfacing with the LANCE• • RD_MARK = CSR(l6:19) = 14 (dee). Positioning the read-ahead line 
here, at the second to the last byte of the line, causes data from large blocks to be automatirally pre-fetched, 
but does not cause superfluous pre-fetches on descriptor reads. It also insures that pre-fetched lines will not 
be clobbere.d by desaiptor !Qds because the line whose read·ahead boundary has been crossed can be markoo as 
least recently used. 

• Jn this case, "LANCE" really means LANCE instead of "An VO device that connects to the LANCE inter­
fac.e of the S4-DMA+." 

A CPU slave write to any of the LANCE's internal registers will cause all bytes in the E-cache to be 
marlce4 not valid This ensures that no prefetched data from one LANCE read can be used as valid data in a 
LANCE read that takes place afier the LANCE has been reprogrammed. It also provides for an easy way of 
clearing lhe E-cache valid bits, if it is neces.my. 

4.3 Memory errors 
A tramfer from the LANCE to memory is compose.cl of two separate transfezs: one from the LANCE IO the 
S4-DMA+, and another from the S4-DMA+ to memory. Similarly, a transfer from memory to the LANCE 
6 composed of a ttansfer from memory to the S4-DMA+, and anothez from the S4-DMA+ to the LANCE. 
A memory error can only occur in a transfer between the S4-DMA+ and memory. Note that the 54-DMA+ 
reporu memory errors on ttansfers to and from the LANCE by forcing the LANCE to time out The S4-
DMA+ forces the LANCE to time out by withholding the e_rdy_ signal after it has given an e_hlda_ signal 
When the LANCE times out. it generates an interrupt to the CPU. 

To restart LANCE DMA activity after an error, it will be necessary to write to the LANCE's internal regis­
ters. This slave write to the LANCE will reset the E-cache, causing all bytes to be marked as not valid. 
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4.3.1 For a memory time-out or protection error on a transfer from the LANCE to 
memory, the S4-DMA+ behaves in the following way: 

Each transfer from the LANCE to the S4-DMA+ is completed before the data from that transfer is sent on 
to memory. Therefore, if an ez1or occurs in the ~fer to memory. the 54-DMA+ is not able force the 
LANCE to time out until the LANCE tries IO transfer more dara The LANCE is guaranteed to request an­
other transfer within 1.6 milliseconds of its last transfer (assuming it is enabled). Therefore, 1.6 millisec­
onds is the maximum possible latency from the time the ezror occurs, until the LANCE is forced to time 
ouL After the ttansfer that canse4 the error, no further transfers will take place from the S4-DMA+ IO 
memory; however, up to seven additional words could be transferred from the LANCE to the S4-DMA+ be­
fore the LANCE is forced to time ouL 

4.3.2 For a parity, memory time-out or protection error on a transfer from memory to 
the LANCE, the S4-DMA+ behaves in the following way: 

Since the S4-DMA+ reads data that the LANCE bas not yet requested (without crossing page boWldaries), it 
is ~ible that an error could be detecled on a data ttad that LANCE bas never requested. If this happens, 
the LANCE will be forced to time out the next time it requests data. H an aror occurs on a memory read 
that LANCE did fe()Uest, the data from the tranSf er that caused the enor will never reach the LANCE. In­
stead, the S4-DMA+ will immediately force the LANCE to time ouL 

4.4 Slave accesses 
Slave accesses to the LANCE registers will be completed with a 16-bit pon acknowledge signal (sb_ack8 & 
sb_ack32), as defmed in the SBus specification. (See timing AM7990 LANCE documentation for timing dia­
grams of slave a~ses to the LANCE). 

A~ to registers on the LANCE is achiev~ through the S4-D~ using Slave Cycles. An address map is 
given below. (The sb_a column of this table is ~ific to the way LANCE is connected on Campus and 
Calvin). 

sb_sel_ & sb_as_ sb_a(X:Y) sb_a(l) Register accased Siz.e Type 

0 11 0 Register Data Port (RDP) 16-bit R/W 

0 11 1 Register Address Pon (RAP) 16-bit R/W 

Note that a word access to the LANCE registers would cause an a~s to the RDP and then the RAP. 
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4.5 LANCE Interface Block Diagram 
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5.0 ESP Interface 
The S4-DMA+ gate array provides paths for the ESP to transfer data to and from memory and for the CPU 
to access control and status registers on the ESP. In order to support the DMA activity of the ESP the S4-
DMA+ contains two 24 bit address counters, and two 32 bit controVstams register, as well as two 24 bit 

· byte counters which may be use.d for more generic control of future devices.. The ESP has a 16 bit transfer 
coon~ however the address counter supports a 24 bit count for future enhancements. 

Between the ESP interface and the SBus interface is a 2 line, 4-word/line cache (D-cache) with consistency con­
trol logic. (This cache is bypassed for slave accesses to the ESP.) F.ach byte in the D-cache has its own val­
id/dirty bit. and each line has a bit that determines the meaning of the valid/dirty bits for that line (i.e. valid 
or diny). Bytes being transferred to memory are marked dirty as they are loaded into the D-cache. Bytes be­
ing transfeired from memory are marke4 as valid as they are loaded into the D-cache. Consistency conttol en­
~ that all data written by the ESP gets to main memory in a deterministic manne.r, and is handled com­
pletely in hardware. 

The ESP lw an 8 bit data bus, so in order to reduce the impact on the SBus bandwidth, all ESP DMA ttans­
fe.rs are packed into or unpacked from the D-cache. For error recovery, the status/control register in the S4-
DMA+ gate array contains a FLUSH command (see definition in section 5.7) 

5.1 Transfers to memory 
As each byte of data from the ESP is packed into the D-cache it is marked as "ditty" until the· Jast byte (byte 
15) in a D-cache line is written to. Then, the diny bytes of that cache line will be queued for draining to 
memory and data will immediately start to be packed into the other cache line. Any time an ESP interrupt, 
or byte count expiration, or CPU slave access (read or write) IO an ESP-related register* is detected, all 
dirty bytes in the F.SP cache are queued for draining to memory, unless an memory error has occurred. Bytes 
that are queued for draining to memory are drained automatically by hardware. A mechanism for determining 
when the dirty bytes have been drained is provided in the CSR registez, which is defined in section 5.7. 

• ESP related registers include NEXT_ADDR, NEXT_BCNT, D_ADDR, D_BCNT, D_ CSR, or any register 
in the ESP itself. These registers, and byte count expiration are defined in sections S.S through 5.9. 

5.2 Transfers from memory 
H the data requested by the ESP is not in the D-cache or marked ~ invalid, then the Least Recently Used 
(LRU) D-cache line will be filled with the line from memory that contains lhe data requested. As soon as 
the data requested by the ESP is written to the D-cache, it is transferred on to the ESP (even if the entire D­
cache line has not yet been filled). Also, the word containing the requested data will be the fll'St one to be 
read from memory. 

If the data requested by the ESP is in the D-cache and it is valid. then it is transferred to the ESP and marked 
as no longer valid. If this data is the 9th byte in a D--cache line (i.e. the last four bits of its address are 1000) 
and the next line is on the same 4K page as the current line, then a read-ahead operation will be performed. 
When a read-ahead occurs, the D-cache line that does not contain the data requested by the ESP will be filled 
with the next line from memory. The read-ahe.ad happens concurrently wilh the ttansf er of the requested data 
to the ESP. 

When a line of data is prefetched, that line is marked as Most Recently Used (MRU). Otherwise, the line 
that was most recently accessed by the ESP is marked as MRU. The line that is not marked as MRU is 
marked as LR U. 
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5.3 Memory errors 
A transfer from the ESP to memory is composed of two separate transfers: one from the ESP to the S4-
DMA+, and another from the S4-DMA+ to memory. Similarly, a transfer from memory to the ESP is com­
posed of a ttansfer from memory to the S4-DMA+, and another from the 54-DMA+ to the ESP. A memory 
error can only occur in a transfer between the S4-DMA+ and memory. Note that the S4-DMA+ reports mem· 
ory errors on transfers to and from the ESP by setting the ERR_PEND bit in the controVstatus register, 
which generates an interrupt request to the CPU when enabled. The S4-DMA+ can alsn generate an interrupt 
request to the CPU when the ESP requests an inrerrupt (assens d_irqj. 

5.3.l For a memory time-out or protection error on a transfer from the ESP to 
memory, the S4-DMA+ behaves in the following way: 

The ERR_PEND bit in the S4-DMA+ CSR is set as soon as the er1or is ~ causing it to generate an in­
tenupL After the llansfer that caused the error, no further transfers will take place from the S4-DMA+ to 

memory; howevtt, up to seven additional words could be transferred from the ESP to the S4-DMA+ before 
the intemJpt is generated. The interrupt is active until the ERR_PEND bit has been cleared by setting the S4-
DMA+'s flush bit or reset biL 

5.3.2 For a parity, memory time-out or protection error on a transfer from memory to 
the ESP, the S4-DMA+ behaves in the following way: 

Since the S4-DMA+ rea<h data that the ESP has not yet requested (without crossing page boundaries), it is 
posmble that an enor could be detected on a data read that the ESP has never rcqu~ Whether the ESP re· 
quested the memory read that caused the error or no~ the data from that read will not be written to the 
ESP. Instead the ERR_PEND bit is set. which causes the S4-DMA+ to genente an intemJpL No transfers 
to the ESP take place until that bit is cleared. 
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5.4 ESP Interface Block Diagram 
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5.5 Registers inside the ESP 
Access to control and status registers in the ESP on a Campus or a Calvin is achieved using the address map be­
low. 1bese addresses are external to the S4-DMA+ gate-array, however the gate-array does decode the appro­
priate higher order address bits, sb_a(X:Y) = 10, and generate the chip select and read/write lines ID the ex­
ternal device. 

sb_a(S:O) Register accessed Size Type 

0 Transfer Count Low 8-bit R/W 

4 Transfer Count High 8-bit R/W 

8 FIFO Data 8-bit R/W 

c Command 8-bit R/W 

10 Status/Bus ID 8-bit R/W 

14 Interrupt/Stams Time-out 8-bit R/W 

18 Seq. Step/Synch transfer period 8-bit R/W 

IC FIFO flags/Synch offset 8-bit R/W 

20 Configuration 8-bit R/W 

24 Clock Conversion Factor 8-bit R/W 

28 ESP TEST (chip test use only) 8-bit R/W 

2C Configuration 2 (ESP-2 only) 8-bit R/W. 

30-3C reserved 8-bit R/W 

The S4-DMA+ ~ds to slave accesses of these registers with sb_ack8. 
Note that on Campus or Calvin, a word access IO the ESP register at address 4, for example, would cause ac­
a'-SSeS to the registers at addresses 4, 5, 6, and 7. Since there are no registers defined for addresses 5, 6 and 7, 
the word access would produce undefmed results. 
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5.6 ESP support registers inside the S4-DMA+ 

The registers which provide status and control for the Enhanced SCSI Processor (ESP) are selected by the host 
when sb_sel_ and sb_as_ are mro and sb_a(X:Y) = 01. The Next feature registers are selected when 
EN NEXT= 1. -

sb_a (3: 2) EN_NEXT Register Accessed Size Type 

00 x ControVStatus Registez (CSR) 32-bit RN/ 
01 0 Address Register (D_ADDR) 32-bit w 
01 1 Next Ad~ Register (NEXT_ADDR) 32-bil Vv' 
01 x Address Register (D_ADDR) 32-bit R 
10 0 Byte Count Resister- (D_BCNI) 24-bit w 
10 1 Next Byte Count Register* (NEXT_BCNT) 24-bit w 
10 x Byte Count Resister* (D_BCN'I) 24-bit R 
1 1 x Reserved for testing purposes 32-bit R 

• The Byte Count Registers are only used when enabled by bit 13, EN_CNT, in the OMA Control/Status Reg· 
ister. 

5. 7 Control/Status Register (CSR) 

S.7.1 CSR definition 

Bit Mnemonic Description Type 

31:0 D_CSR ConttoJ/Status Register R/W 

The DMA ConttoVStatus Register provides control and status information for the ESP DMA interface. Bit 
assignments are as follows: 
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Control/Status Register Assignments (CSR) 
Bit Mnemonic Description Type 

0 INT_PEND Set when d_irq active. or when TC set and TCl_DIS not set R 

1 ERR_PF.ND Set when memory time-o~ protection error or parity error detected on 
ESP DMA transfer. DMA to/&om ESP is stopped while this bit is set. R 
Reset on FLUSH oonunand or RESET. 

3:2 DRAINING Bits read as 1 if D_CACHE draining dirty d•ta Do NOT assen RESET 
R or R..USH or write ao D_ADDR reg. (Was PACK_CNT in 54.DMA.) 

4 INT_EN When set, enables sb_irq_ 10 become active when INT _PEND or 
ERR_PF.ND is seL R/W 

s FLUSH When set. marks all bytes in D-cache as not valid. Causes ERR_PF.ND 
and TC to be reset. Also causes A_LOADED md NA_l.DADED to be 
reset if EN NEXT= 1. Resets itself. Reads as 0. w -

6 SLAVE_ERR Set on slave si7.e error. Reset on CSR read (Was DRAIN in S4-DMA.) R 
7 RESET When set. acts as a hardware reset. (See section 5.7.2) R/W 
8 WRITE OMA direction for ESP lrmsfers; 1 = to memory R/W 
9 EN_DMA When set. allows the S4-DMA+ 10 respond IO OMA requests from the 

ESP if DMA not stopped on other conditiom. (See DMA_ON biL) R/W 

12:10 Unused. Read as 0. (Wt!'le REQ._PEND & BYTE_ADDR in S4-DMA.) R 

13 EN_CNf When set. enables the internal byte counter, D_BCNT, to be decrement· 
R/W ed on byte transfers between the ESP and S4-DMA+. 

14 TC Terminal Count; D_BCNT lw expired. (Sec section S.7.2) R 

IS ILA.CC When set. modifies LANCE DMA read cycle. (See section S.7.2) R/W 
19:16 RD_MARK Rud-.itead mark for E-cache; read.ahead occurs whm LANCE reads 

the RD_MARKth byte of the E-cache. Defmdts to 14 (decimal), which R/W 
is the correct setting for the LANCE. 

20 AUJAS_ Defines pin '27 as ALE or AS_ (1etive high or active low); 1=Al.E,0 
= AS_. Defaults IO 0. R/W 

21 LANCE_ERR Set when a memory enor ocam on a tramfer to/from LANCE. Reset on 
a slave write to the LANCE. (See section S.7.2) R 

22 - Reserved. Read as 0. R/W 

23 TCl_DIS Set 10 disable TC intarupt. DefaullS ID 0. R/W 
24 EN_NEXT When set, enables next wldress auto-load mechanism (see sections S.1.2. 

R/W S.8 and S.9). Defaults IO 0. 

25 DMA_ON Reads as 1 whm (A_l.DADED or NA_LOADED) & EN_DMA &. NOT 
ERR_PEND; otherwise. reads u 0. When set. indicms th.al the S4- R 
DMA+ is able to respond IO DMA requesu &om the ESP. 

26 A_LOADED Address Loaded. Set when D_ADDR agister wria.en (with 
EN_NEXT=O) or when NEXT_ADDR copied to D_ADDR. Reset by R 
RESET or D_BCNT expiration. Also reset by FLUSH when 
EN_NEXT=l. (See section 5.7.2) 

27 NA_lDADED Next Address Loaded. Set when NEXT_ADDR written (with 
EN_NEXT=l). Reset by RESET .. EN_CNT = 0 or EN_NEXT = 0. R 
Also reset by FLUSH when EN_NEXT=l. Also reset when 
NEXT_ADDR copied to D_ADDR. (See section S.7.2) 

31:28 DEV_ID Device ID (For this implementation= 1001) R 

Note: During a uansf er, a write to the OMA CSR shoo Id only change the TCT_DIS or EN_DMA biu. The following bits have changed meaning from 
lhcS4_DMA CHIP: PACK_CNTto DRAINING. DRAIN lo SLA VE_ERR. REQ_PEND read as O. DEV _ID changed to 1001. RD_MARK. ALFJAS_. 
LANCE_ER.R, EN_~eXT, DMA_ON, A_LOADED, NA_LOADED and TCJ_DIS arc new. 
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5.7.2 Control/Status Register bit definitions 

RF.SET- Bit 7. 
RF.SET will remain active once it is written as a one until written as a zero. RESET from bit 7 or sb_reset_ 
will leave the device in the following state: 
ERR PEND = DRAINING = INT EN = FLUSH = SLAVE ERR = WRflE = EN_DMA = REQ_PEND = - - -
EN_CNT = TC = ILA.CC = ALE/AS_ = LANCE_ERR = EN_NEXT = DMA_ON = 0, RD_MARK = 14 
(Dec), RESET = l, and all valid/diny bits in the ~he set to not valid All ESP interface state-machines 
will revert to their idle states, and the d_reset pin will be asserted for as long as the RESET bit or the 
sb_reset_ signal are active. 

EN CNT & EN NEXT· bits 13 and 24 
ThCEN_CNr and EN_NEXT control the modes of operation of the DMA Address register, Next Address 
register, Byte count and Next Byte count registers as follows: 

EN CNT -
0 
1 

EN NEXT -
x 
0 

Mode 

Backward compatible with S4_DMA 
Backward compatible with S4_DMA using byte count 
Flush clears TC flag 

1 1 Next Ad~ and Next Count values loaded into Address 
and Count registers at Count expiration. Halt DMA on 
Count expiration if NEXT _ADDR not loaded 

TC - Terminal Count· Bit 14 
The TC bit in the CSR will be set when D_BCNT makes a transition from 000001 to 000000. When it is 
set. an intemipt will be generated on the d_irq_ pin (if enabled by INT_EN and not disabled by TCl_DIS). 
When EN_NEXT= 0, TC~ cleared only by FLUSH, RESET er sb_~t_. 
When EN_NEXT= 1, TC can also be cleared by a CSR read. 

ILACC • Integrated Local Area Controller Chip • Bit 15. 
This bit 15, was originally intended to allow the S4-DMA to interface with the ILACC chip. Now, it mere-
ly modifies the LANCE DMA read cycle as follows: 
When LANCE (or something in its place) is master, and it performs a read (from memory to the LANCE), 
the S4-DMA+ will stop driving data to the LANCE when the LANCE unasseru e_das_. 

LANCE ERR • Local Area Network Controller for Ethernet • Bit 21. 
LANCE:ERR being set does not generate an interrupt (For 'information on LANCE interface error handling, 
see section 5.3.) 

A Loaded & NA Loaded- bits :u; and 27. 
TiiCse bits define-the validity of the values stored in the D_ADDR and NEXT_ADDR registers. When the 
Slate is reached where a valid NEXT_ADDR has been loaded, and the cmrent D_ADDR Im been marked as in­
valid (NA_LOADED = 1 &. A_LOADED = 0), lhen the contents of the NEXT_ADDR register are copied to 
the D_ADDR register. The copy takes place on the same clock edge where the stared condition is sampled as 
true. So, if address chaining has been set up to take place when the byte count expires. the actual sequence of 
events will be the following: Firs~ A_LOADED will be cleared (on expiration of byte count). Second, the 
NEXT_ADDR will be copied to the D_ADDR register. These two events will probably be seen as one by 
software. 
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5.8 Address Register (O_AOOR) & OMA NEXT Address Register 
(NEXT _AOOR) 

Bit Mnemonic Description Type 

31:0 D ADDR - Vinual Address Counter for ESP access V A(3 l :0) R/W 
31:0 NEXT_ADDR NEXT Address Register 

The value in this register after a RESET is indeterminate. 

The Address Counter is a 24-bit counter and an 8-bit register. The lower 3 byteS constitute the address count 
and the upper byte is the register. It is assumed that transfers will not cross a l 6MB boundary. 

The Addrcu counter always points to the next byte that will be a~ssed by the ESP, independent of which 
byaes in memory have been accessed by the S4-DMA+. 

If the EN_NEXT (enable next addr~) bit in the CSR is set. lhen a write to the D_ADDR register will 
write to the NEXT_ADDR register instead. If EN_NEXT is set when the byte coWlter (D_BCNT) expires, 
and the NEXT_ADDR register has been written to since the last time the byte counter expired, then the con­
tems NEXT_ADDR register are copied into the D_ADDR register. If EN_NEXT is set when the byte 
counter (D_BCNT) expires, but the NEXT_ADDR register has not be.en written to since the last time the 
byte counter expired, then DMA activity is stopped and DMA requests from the ESP will be ignored until 
NEXT_ADDR is written to, or EN_NEXT is cleared. (Also, the DMA_ON bit will read as 0 while DMA is 
stopped because of this). When OMA is re-enabled by writing to the NEXT_ADDR register, the contents of 
the NEXT _ADDR register are copied to the D _ADDR register before DMA activity acnmuy begins. 

Note: A write to the D_ADDR register will reset the D-cache and mark all bytes in the D.-cache as not val­
id A write to the NEXT_ADDR register does not have this effect 

5.9 Byte Counter (O_BCNT) & OMA NEXT Byte Counter 
(NEXT _BCNT) 

Bit Mnemonic Desaiption 

23:0 D_BCNT Byte Count; counts down to 0, then sets the TC bit in the CSR 

23:0 NEXT_BCNT NEXT Byte Count Register 

The value in lhis register after a RESET is indeterminate. 

When reading this register as a wo~ bits 31:24 will read~ Os. 

Type 

R/W 

When enabled, the Byte counter is deaemented every time a byte is transferred between the S4-DMA+ and the 
ESP in an ESP DMA cycle. It is decremented immediately after the byte has been ttansferre.d. It is not decre­
mented on slave accesses to the ESP or on ttansfers between the S4-DMA+ and memory. 

If the EN_NEXT bit in the CSR is set, then a write ao the D_BCNT re~ter will write to the 
NEXT_BCNT register instead. If the NEXT_ADDR register is being copied into the D_ADDR register, and 
EN_NEXT ~set. then the NEXT_BCNT register will be copied into the D_BCNT register at the same time. 

If EN_NEXT is not set when D_BCNT expires (changes from 00001 to OOOCX>), then DMA activity between 
the ESP and the 54-DMA+ will be stopped and the DMA_ON bit will read as 0 until D_ADDR is written to 
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(and EN_DMA is set). If EN_NEXT is set, then DMA will be stopped on D_BCNT expiration as described 
in section 5 .8. 

Note: Loading D_BCNT with 0 will allow 2**24 bytes to be transferred before it expires. (See sections 
5. 7 .. S.9 for descriptions of the various things that happen when the byte counter expires). 

5.10 Programming Notes 

5.10.1 Stopping DMA to/from the ESP 

If the driver desires to stop a DMA transfer in progress, the following commands should be issued to the 
CSR. First. the EN_DMA bit should be cleared to ignore new transfer requests from lhe ESP. Memory ac­
~ by the SBus interface of the 54-DMA+ are unaffected by this biL The EN_DMA bit can be set or 
cleared at any time without affecting the state of a transfer cmrently in progress. Once the EN_DMA bit has 
been cleared, the REQ_PEND bit should read 0 -indicating that i1 is safe to set the FLUSH or RESET bits. 
The act of clearing the EN_DMA bit will cause all ditty bytes in the D-cacbe to immediately be drained to 
memory (and marked as no longer dirty in the cache). Bytes that are marked as valid in the D-cache remain 
marked as valid when lhe this automatic draining fwiction is performed To mark them ~ not valid, the driv­
er should issue a FLUSH command to the CSR. 

DMA will automatically be stopped when a memory error occurs (see section on memory ei1ors). If the driv­
er wishes IO clear the ERR_PEND bit and mark all D-cache bytes as not valid (as it would in an error condi­
tion) then it should simply issue the FLUSH command. Note that the ERR_PEND bit must be cleared be­
fore another DMA transfer can be initiated. 

Note that DMA activity does not stop when the ESP asserts d_irq_. 

5.10.2 Starting DMA to/from the ESP 

If DMA was stopped by the driver m described above, then it can be restarted simply by setting the 
EN_DMA bit If EN_NEXT = 0, the address in d_addr will be correct because it always points to the next 
byte to be accessed by the ESP. If the driver wishes to clear all prefetched ctara from the D-cache before re­
starting DMA, it can mue a FLUSH command or write to the d_addr regista'. When starting a new transfer 
or restarting a ttansfer after a memory error bas occ~ a new value should be written to d_addr. 

5.10.3 Use of Internal Byte Counter with Next Address feature disabled 

When using the internal Byte Counter and the TC flag in the CSR with EN_NEXT = 0, it is necessary to per­
form the following procedure for correct operation. 

Load Byte Count into D_BCNT 

Load DMA ad~ into D_ADDR 

Load Peripheral Device with relevant command(s) 

Load CSR with enables and direction bits (EN_DMA EN_CNT and WRITE) 

Data will be transferred as directed until the Byte Count expires, at which point the TC flag will be set in 
the CSR and an interrupt will be generated, if enabled. DMA will also be stopped at this time (DMA_ON 
will be cleared). DMA will remain stopped, independent of the value of EN_DMA, lDltil D_ADDR is load­
ed with a new value. (Note: this implies that the interrupt service routine should clear EN_DMA before 
writing a new address to D_ADDR.) Once the CPU bas serviced the interrupt and wishes to start another 
DMA operation it is necessary to proceed as follows; 
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Issue a FLUSH command and then repeat the above procedure. (Clears TC bit of CSR) 
' 

S.10.4 Use of Internal Byte Counter with Next Address feature enabled 

When using the internal Byte Counter, the TC flag in the CSR and the NEXT_ADDRESS feature, it is neces­
sary to perform the following procedure for correct operation. 

NOTE: This is a suggested procedure since several methods of programming the chip are possible. 

INITIALIZATION: 
Initialization if the state of the chip is not defined such as after an enor. 

Write Control register: 
TCl_DIS, EN_D~ EN_NEXT. RESET= 0 
FLUSH, EN_CNT, OO_EN = 1 
WRIIE, Al.£/AS, Il.,ACC, RD_MARK =value when read 

MULTIPLE BLOCK TRANSFERS: 
To do a multiple block transfer with an interrupt after each block: 

Write Control register: 
OO_EN, EN_DMA .. EN_CNT, EN_NEXT = I 
TCI_DIS, FLUSH, RESET= 0 
WRIIE, AU:JAS, ILACC, RD_MARK =value as read or desired 

Write D_BCNT with byre count of the fU'St block. 
Write D_ADDR with the starting ad~s of the fU'St block. Set-up and stan the SCSI chip to do its 
transfer. 
Write NEXT_BCNT with the byte count of the 'next' block. 
-Loading of the NEXT_BCNT is optional because the initial loading of the D_BOIT also loads the next 
count regisu:r. 
Write NEXT_ADDR with the a~ of the 'next' block. The ttansfer of the first block is enable,d and the 
transfer of the next block will happen automatically when Teaaninal Count is reach~ i.e.: the next address 
and byte counts will be used. (This assumes the loading of the NEXT count and address occur before the first 
block transfer is complete.) 

INTERRUPT: 
After each interrupc 

Read Status register. 
TC and DMA_ON should both= 1. 
- If DMA_ON = 0 then, the NEXT_ADDR re~ter did not get updated or there is an e.a1or 
pmding, ERR_PEND. (It could also mean the DMA is not enabled. EN_DMA. or the next address 
feature is not enabled, EN_NEXT. but they were set = 1 so this should not be lhe case.) 
Write NEXT_BCNT wilh the byte count of the 'next' block 
-Loading of the NEXT _BCNT register is optional. but if loaded, must be loaded before the 
NEXT_ADDR register. 
Write NEXT ADDR with the address of the 'next' block. -

LAST BLOCK: 
If no Tenninal Cotmt interrupt is desired after the last block is ttansf erred: (because we expect an interrupt 
from the SCSI chip at the end of the transfer.) 
On interrupt of the next to last block: 

Read Status register: 
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TC and DMA_ON should both= l. 
Write Control register: 

TCI_DIS, INT_EN, EN_DMA, EN_CNT, EN_NEXT = l 
FLUSH. RESET = 0 
WRITE. AI E/AS, ILACC, RD_MARK =value as read or desired 

NOTE: The NEXT_ADDR register is not loaded so the transfer will stop. 

NEXT TRANSFER: 
The initialization for the next multi-block transfer is: 

Write Control register: 
INT_EN, EN_DMA, EN_CNT, EN_NEXT= 1 
TCI_DIS. FLUSH, RESET= 0 
WRl'l'E, AI E/ AS, ILA CC. RD _MARK = value as read or desired 

preliminary 

NOTE: This assumes the chip is in a known st.ate because, if not, the write to the D_BCNT and D_ADDR 
registers may go to the NEXT registers (See INITIALIZATION). 
Write D_BCNT with byte count of the first block. 
Write D_ADDR wiu'i lhe starting address of the fll"St block. 
Set-up and sLan the SCSI chip to do its transfer. 
Write NEXT_BCNf with the byte count of lhe 'next' block . 
.. Loading of the NEX'f_BCNT is optional because the initial loading of the D_BCNT also loads 
the next count register. 
Write NEXT_ADDR with the addrc.ss of the 'next' block. 

TAKING ADVAN'f AGE Q} .. ;NEXrr~ fc .. ~A'fURE: 
Han interrupt occurs ant"! th~ 'nexl' address is not available, I.here is no roo1n in the buffer or data is not avail· 
able, the processor can take adv~n~ge 'lf th~ faH-saf~ capability by not loading the NEXT __ ADDR and the 
DMA will stop wh•!n the count goes to 0. 
After the 'next' adcl.rc:\S becomes 1'nfJ'.Nrt i.h~ p1"-"':.QSor rnu~t dei.etmine if the transfer of the current block has 
completed. If it has not, rh~: :;..'<ocessol' should load the 'next' count and address to continue the transfer. If the 
transfer has conapleted, the pfOf"..r.:s.~cr should toad fhc C'lrrent count and address and the next count and next 
address to resran the tranc::fl~..a· 

NOTES: 
- There will be an inter1upl generclted whe.1 tlae count goes to 7.ero. 
-The fmnware musL understand that. if •Jie transfer has stopped because the NEXT_ADDR was not 
loaded before the tertnlnal counl was reached, it is effectively loading the D_BCNT and D_ADDR 
registers. not the NEX'r registers. This will enable the DMA to restan the transfer. 

- It is necessary to load the count hef on.~ lhe address because lhe loading of the address register causes the 
restart of the transfer. 

5.10.S Additional nute; 

A REQ_PEND bit is provided in lhc CSR w show the driver if a ttansfer between the !:SP and S4-DMA+ is 
in progress. Writing LO the Address Counter (D_ADDR), changing the WRITE bit in the CSR, or writing 
the Byte Counter when the REQ_PEND bit is set will cause unknown problems. 

Interrupts from the ESP are visible as INT_PEND in the DMA_CSR. The JNT_EN bit is provided to enable 
or disable the generation of an interrupt to the IU. If an error condition exists during a memory access, (this 
could be parity errors, protection errors, time-outs etc.), the ERR_PEND bit will be set. This will cause an 
interrupt (if enabled) to the IU. Similarly, expiration of the Byte Counter will cause the INT_PEND bit to 
be set and an interrupt (if enabled). The ERR_PEND bit can only be cleared by a FLUSH or RESET command. 
orSB RESET. -
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5.10.6 DIAGNOSTIC CAPABILITY 

S.10.6.1 TESTING the 'NEXT' REGISTERS 
When the processor writes to the D_BCNT and D_ADDR registers the data goes through the 'NEXT' regis­
ters. This 'feature' can be used to test the 'NEXT' registers since they can not be read directly. 

6.0 Timing Diagrams 
Note that this section is missing diagrams for extended (slow) cycles for the ESP interlace. For reference, 
they will be the same as for the S4-DMA. (Basically, slow cycles just extend the d_rd_ or d_wr_ pulse by 
2 clocks, except for the slow DMA write cycle which extends the d_rd_ pulse by 4 clocks). 

sh elk - I I I I I I I I I I I l I I I l I I I I I I I I I __ I 
sb hr - -

sb_bg_ 

I f • ' I f f f f I I 
I I I I I f I f I f I 
I 1 I I 1 I I 1 f t I 

-~· I f I I I f • • • t I I I I I I I I 
f ' t I I I I I ' 
• • t • • • f • • 

• • 
' • 

• • • I 

• • • • 

• 
' I • • • I 

' I 

• • 
' • • • • • 

• I 

• • • • • • • 

, 
' , • • • 
f , 
• 

• • • • • • • • 

• • • • 
• • , , 

• • • • . ' • • . ' 
I I I t I I I I I t 
I t I f t I I I t I 

sb_d31:0~~ D~ oX oX D~ 
• ' f • • • I f I I • • ' ' ' . • • I I 

sb_rd - : l : ! 
I I 

• • • • I I I I . , . ' 
sb_siz2:0 -.---_..._! -1-~ -8-yt_e_s .._! --! .._._..,~ 

. . ' ' ' . . . • • • • 
-------------------~,~ ___ l ______ ........ ______ ~y~---~~·~--sb as • I 

' • - - . ' • • • • I I • • • ' 
sb ack32 ----------------------.." ...... ___ ..,., _____ v .... -.. - -

\ • • ill • 
' • 

sb merr - -

S4-DMA+ 7/12/89 

• • • • ' I • • 

• • • ' • • v \......_ _________ _. 

SBus OMA burst read (1 word/elk) 

' 

(Data flows from memory to the S4-DMA+) 

For other possible SBus cycles, see 
the SBus specification; this is just one example. 
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e 823:16 -

120ns 
min 

250n~ 290ns . • • max : max • • • • • • • • • 

7Sns .. mn 
250ns 

: max • • 

S4-DMA+ 
preliminary 

70ns ,..: 
min : (3] 

175ns 
max 

• 
' ' • • 
' 

• • • • • • • . ' . ' . ' . ' . ' 4 ( 

• : [~] 
• 
' ' • 0 

' • ' 

! '"---• • • • ~ 

• 
' • • • 
' • ' 

~---.-X-~addr 

_"-__ ....... a_d_dr ____ >@Xaddr 

21) e_hlda_ is only asserted when the interface is not busy. . 
] e_hold_ will stay asserted for burst mode accesses. e_hlda_ rrust follow it. 

3] min and max times given are those of the AMO 7990 LANCE 

LANCE OMA burst read (from memory) 
with valid data in E-cache 
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Sb elk -

e hold - -

e hlda - -

e as - -

e das - -

e_rdy_ 

e read -

e ad15:0 -

e 823:16 -

S4-DMA+ 
preliminary 

120ns 
min SBus ~~s 

173d 250ns 
nme : max 

~ 7Qns .,; 
: mrn : [3] 

. 250n& 290ns . 
: max : max : 
• • • • • • ' ' 

: 175ns : ' . • max · ' . . ' 

' . ' ' . . . ' . ' . . . ' . ' ' . ' . . . ' ' ' . . ' 
\ _______ ~----~l~----~------~----~i----...... !~l------. . . . . ' • • • • • • • • • • • • . . . . . . ' (2] \ . . . . . . ' . . . . 

[1] ..__: __ ~:---.w!--_: ___ ; ......... : ---. . ' ' ' . ' ' ' . ' . . . . . ' . . : . ' . 
------------~,~--~/:.~i----~i----_..i------j~,~----

• I : I . ' . . . ' . . 
--------------------~·---- ' .,._ ____ ,___ ____ _ l \j /:. 

' . . . . ' 
' ' ' . ' ' • 

l \ l v . . ________ ..,,,,, 
' ' ' . 
• • • 
' • 
' ' 

• • • ' . . . : . • • • ' . . . ' . 
I I I 

~add~ S..___d_at_~_.....,,Saddr 

~....._ __ a_dd_r ___ _.}@Xaddr 

121] e_hlda_ is only asserted when the interface is not busy. 
] e_hold_ will stay asserted for burst mode accesses. e_hlda_ mJst follow it. 

[3] min and max times given are those of the AMO 7990 LANCE 

LANCE OMA burst read (from memory) 
with no data in E-cache 
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sb elk -

e hold - -

e hlda - -

e as - -

e das - -

e_rcty_ 

e read -

e ad15:0 -

e 823:16 -

S4-DMA+ 
preliminary 

120ns 
min 

250na 290ns . 
: max : max : 
• • • • • • 

7!;ins 
man 
250ns 

: max • • 

; c 70ris ... : 
: min : 
: 175ns : . ' • max • . ' 
' ' 

' . . . ' . ' . . . ' 

(3] 

• fl • ' 

'~----------.,_ _____ l ____ -!-J-------P-l----........ ~l-----
• fl • ' • • • ' [2] • • • fl ' . . . 

(1] '~---------~----~i------~----~-i.------. ' . . • • • • • • 

\ /: l \ ___ _ . ..__... . . . ' . . . ' • • • 

! '~ ....... --~! • • • • . . ' ' 

--------------~i------.i~--~,~-----! ____ __.v~-----
• • • • 

\~-----~~( ___________ l ____________ _ 
• • • . ' • • 

-.Xaddr XID( data XB)(addr 

_"-___ a_d_d_r ____ XID{addr 

21] e_hlda_ is only asserted when the interface is not busy. 
] e_hold_ will stay asserted for burst mode accesses. e_hlda_ rrust follow it. 

3) min and max times given are those of the AMO 7990 LANCE 

LANCE OMA burst write (to memory) 
Note: assumes a cache line is available for the 
LANCE to write to 
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sb elk -

d_req 

d ack - -
d wr - -

d d7:0 -

sb dk -
d_req 

d ack - -
d rd - -

S4-DMA+ 
preliminary 

I I I I r l I I I I I I I I I I I I I I I I 
' ' • • • ' ' • ' ' ' ' i ' ' 

_/ K l ! • 
' ' ' ' ' ' ' • ' ' ' • ' ' • • ' ' K i\ 

• v • • • 
' I ' ' • • ' • • ' • • ' 

~ 
• ' v K 

' ' • ' ' ' ' ' 

- data YaX 

ESP OMA read (from memory) cras1 cycle] 

with valid data in D-cache 

I I I I J I I I I I II ........... II~ .I I J I J I I .__I . . ' ' ' . . ' 
' ' ' ' i \ ! i l 
' . . ' . ' ' ' ' ' . ' ' . . -----------------\ l/ \ l 
' I ~~.~-------

_/ 

' ' ' . ' ' 
' ' ' 

--------------~, ii \..__ _____ _ 

d_d1:0 data -~-

ESP OMA write (to memory) ctut cycle] 
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sh elk I l I I I I I I I I I I I I I I I I I I I , - ' • ' ' ' , 
' • • • ' ' ' ' ' • , I 

' ' ' • , 
' ~ 

sb sel \ ' v ' 
I • ' ' • • • - - ' ' & sh as 1 • • ' ' ' • ' - - ' • • • • ' 

~ ' ! ' 
]( ! 

f 

l • 
sb a • I 

• - • • ' • , 
• , • • • ' • ' I 

\ ' 
, v ' ' 

d cs • ' ' 
I 

t ' - - , 
' 

I 

• ' • ' 

\ 
• ' ' v d rd ' ' I - - a 
• ' I • • • 

! 
• 

d d7:0 ~ l ~ - • 
' • 
' 

I 

' ' • 
sb ack8 \ v - -

ESP register read (slave cycle) [fast cycle] 

(Same cycle applies to offboard ID read cycle except id_cs_ is asserted instead of d_cs_) 

I I II~ I I I I I I J I II ____ I I I 
I I I I I I I 

' ' , ' . ' . ' . ' ' . . ' --.c.\ I I I I ....... .------''-------

sb sr:I - i l i v l ! 
& -sh as I I I I : : 

- - I I I I I I . . . ' . . 
I I I I I I 

~~------¥-1--1----~l~l~~ 
' , . ' I I 
I f I I 
I I I I 

----------~,~--~1 ______ ...... _____ 1 __ ___,v.------------. ' . ' ' . , , . 
• • 

----------------~t\ v~-~i-~i----------
. ' ' . . ' ' . f • • • 
f ' • 

I I I II~ sb dk -

sb a -

d cs - -
d wr - -

.. 

d d7:0 -

ESP register write (slave cycle) [fast cycle] 
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7 .0 Electrical Specifications 

Operating Conditions 

Temperature (Ta) 
Supply Voltage (Vee) 

Oto+70C 

7 .1 Capacitance 

Symbol Description • min max unit 

Cin input capacitance pf 

Cout output capacitance pf 

8.0 Revision history 
3!1.9/89 
4n/89 

6(3/89 

6/19/89 

6119/89 

6(29189 

7/12/89 

cm Created. 
cm Made auto-draining cache consistency function a mandatory function of the hard· 

ware; not an option. Also clarified sections on slave accesses and ID accesses. 
cm Clarified restrictions on when l/O devices can assert/unassen cenain control· sig­

nals. Updated block diagrams to reflect actual implementation. Updated section 
2.1 to refle.ct decisions made on how the S4-DMA+ responds to rerun acknowledges 
when it is a master. Updated section 2.2 IO reflect decisions made on how the S4-
DMA+ acknowledges different types of slave accesses. Added Next Address and 
Next Byte Count functions. Changed CSR defmition (section 5.7) to include these 
functions. Also changed CSR def mi ti on such that no bits that can be modified by 
hardware can be written to by the CPU (thus preventing destructive Read·Modify­
Write accesses to the CSR). 

curtr Added pin numbers to pin list Addoo some explanations and diagrams to describe 
the NEXT fearure (f0t111erly called the Next Address and Next Byte ColDlt fea­
tures). Changed addressing decode definition in section 5.6. Added no~ about dif­
ferences between S4-DMA and S4·DMA+. 

dex Added section S.10.4: programming notes for NEXT feature. 

cm Made minor changes and clarificatio~ to reflect actual hardware implementations. 
lbese changes were in the following areas: When an l/O device connected to the 
LANCE interface can/must imert/unassert the e_hold_ signal, when a read-ahead is 
performed and when it is not (for E~che and D-cache), when the E-cache and D­
cache are reset Also changed the meaning of the REQ_PEND bit and the DRAIN­
ING bits in the CSR from the 6(3/89 revision of the Spec. Made slight modifica­
tions to ESP interface timing diagrams to reflect implementation {both master and 
slave cycles). 

cm Made clarifications of NEXT feature. Fixed ESP OMA timing diagrams. Removed 
REQ_PE~1D bit from CSR. 
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Features 

e Provides decodes and timing strobes for all Sun-4 Type 1 devices 

e Replaces all MMU readtwrite buffers 

• Automatically updates MMU statistics bits during bus cycles 

e Priontizes 1 5 levels of Interrupts 
e Sun-4 Interrupt register provides software interrupts. interrupt enable 
e 4-bit context register provides switchable MMU contexts 
e Two counters generate high-resolution periodic interrupts 

sb_a (29: 18) 

irq 

_: .. ·. 54-MMU Chip .__~A 

. . :a.-------:.• .,._..c..._i ,.,_i.,..3_· n_, ______ 91it A 
·· -· :/::Context::· p.!nPn_i.,·-m_ 0 · .:· :::;<Reg· ·istei:-
,.·: ::.. ::~~:::. '• " ' .. · .. ·. ' .. ·.·::: 

··: ·:~::·::·.·, .· : ·<::.:.:·: . . .. 
. . 

. . •·.:. 4 

.·~ --~ 
-.. :::::::::::::::::::::::-::·:<::.;''·: 
Decoder ..... _i--.-_ _.,. .. 

·'· 'o'.. 

::ti::>::,.::.:.:' ', .:;::::-. 
'.. . . 

A 
pa 12? ·, 2 · • 0 
mm1: tv;:i .. -· 0 

Segment 
Map 

Page 
Map 

t/.O 
Devices 

·,· . .. :a..---------............. .d.~_2-~~~n~d~.~-~.._+-41~~rd,wr 
_ iu irJ13:0) -

' . . . . . 
. ·.· .. ','. '' . ...---..-.. 

• 

iod (7 :Q) ___ ___. ____________ +-----

sb a(17:12) -
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Pin Description 

Symbol 

iu elk -
canst elk 

io _a (3 :0) 
ctl(2:0) 

devspc_ 
sb rd .. 
as 
sb reset - -
iod(7:0) 
sb ack8 - -
user -
dma 

cid(3:0) 
pmeg (7:0) 

pa (27: 12) 

mmu(v,w.s.x) 
mmu_typ(1 :0) 
mmu(a.m) 

sm wr 

pm_wr(2:0)_ 

ramsel 

kbm rd - -
kbm wr - -
sec rd 
sec wr - -
tod cs 

par cs - -
eprom rd - -
f d rd - -
fd wr 

dac wr - -
dac xfer 
iosel -
sb sel (3 :0) - -
iod en - -
aux wr 

irq ( 15 t, 3:, ~ I 9: 1 ) _ 
iu_irl (3 :0) 

od t -
para 

Type 

ORVT4 
TLC HT 
TLC HT 
TLC HT 
TLC HT 
TLCHTU 
TLC HT 
TLCHN 
BD4TU 
BT4 

TLCHN 
TLC HT 

BT2 
804TD 
BD4T 
8D4T 
BD4T 

BD4T 

BT4 
BT4 

BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
8T2 
BT2 
BT2 
BT2 
BT4 

BT4 

Description 

Integer Unit ciocK. Main system clock. 
100 nsec clock divided by ten internally for counters. 

Buffered address bits from SBus. 

Encoded control space selects. 
Lo for device space accesses. high for control space. 
SBus Read. High during IU reads. low for writes. 

Address Strobe from S4-Cache. Indicates valid PAdr. 
SBus Reset. Lo for power-on & S/W resets. 
Input/Output Data bus. 

SBus 8-bit Acknowledge. 

Lo for User Space access. High for Supervisor space. 
Lo during OVMA accesses: fore es CID output to zero. 

Context ID. Hi-order addresses into the Segment Map 
Page Map Entry Group. Data bits from Segment Ma;:. 

Physical Address bits. Output from Page Map. 

MMU Valid. Write-allowed. Supv.-only, Do~'t Cache 
MMU Type bits. 

MMU Accessed. Modified. Usage statistics. 
Segment Map V\i'rite. 

Page Ma~ Write bits. 

DRAM select. 

Keyboard/Mouse Read. 
Keyboard/Mouse Write. 

Serial Controller Chip Read 
Serial Controller Chip Write 

Time-Of-Day Access 

Parity Chip Select 

EPROM Read 
Floppy Disk Read 

Floppy Disk Write 

Audio DAC write strobe. 

Audio DAC transfer strobe. 

Select for Type i device. PA28 high. 

SBus Selects. (includes Video) 

Input/Output Data bus Enable. 

Auxiliary Output Write Strobe. 

SCHMITCN Interrupt Requests (ext. pullups assumed). 

BT2 Integer Unit Encoded Interrupt Requests 

TLCHTU 

BT1 
Output Disable input. 
Parametric output. 
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Functional Description 

Device Space and Control Space 

The SPARC address space identifiers are d1v1ded intc two .. spa :es·· 
following table: 

a::cordrr.;; t: . - --

ASI Function Space 

0-1 Reserved 

2 IU Extensions Control 

3 Segment Map Control 

4 Page Map Control 

5-7 ~eserved 

8 User Instruction Device 

9 Supervisor Instr. Device 

A User Data Device 

s Supervisor Oat? Device 

C-F Reserved 

The signal DEVSPC_ chooses between device space and contro: s~a=e address rna:s 
Device space devices are accessed with physical addresses provided by the Mr.~~:. v, :-. ·= 
control space devices are accessed with v1nual addresses provided by the sr:..:..=: 
processor. 

Control Space 

CTL(2:C) Encodi~g (Control Space Address Map) 

ctl(2:0) Device 

0 Device on S4-Cache Chip 

1 Reserved for VME IACK 

2 Context Register • 

3 Diagnostic Register (unused) 

4 Serial Controller Chip (MMU Bypass) 

5 Segment Map 

6 Page Map 

7 EPROM (Boot Cyc~e. S upv. Instr. Fetch) 

• - Context reg access requires AO low. 

In Device Space (DEVSPC_ low) the ctt (0) input is used as an 1nval1dation input for ar-,l 

cycle from the cache chip. It is used when the cache chip de~errri,nes an illega' v1"~"'=· 

address (a (31 :28) not all ones or all zeroes) which the MM~ ca~no! detect. t~ 1~'"':: 
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generation of any device selects. In addit9on. in Device Space. the ct1(1) input is use~ ~o 
indicate an atomic LOST instruction is being executed. This requires that the se.e::~~ 
page be writeable in order to pass protection checks (preventing the instruct1~ .... ~:-8n: 

executing the toad and then aborting the store. when it could have been pred1::e: · 

Context Register 

The context register drives the upper four address bits of the segment ma=. I~ ai:~,··s 

address translations for six"teen separate contexts to be simultaneously stored :,y the 

MMU, and allows switching from the address translations belonging to one cont ex! to 
those of another context by performing a single write operation. 

A shadow copy of the context register is also kept in the 54-Cache chip. where it is used 

as pan of the cache tag comparator logic. On writes. both copies of the context register 
are modified. On reads. the S4-MMU context registers requires AO low (even byte 
address) in order to respond. The S4-Cache copy responds to reads on oo~ byte 

locations. 

The CID [3 :0] output pins reflect the state of the context register and are fed tc t"le 
Segment Map address inputs. When the DMA_ input is assertec. the CID o~~~~:s c"e 
forced to zero. 

Serial Controller Chip 

The serial controller chit) (SCC) is accessible both in device space and contro s~a:e. 

This allows diagnostic code to communicate with an asynchronous compute:- te"~::ia· 

even bet ore initializing the MMU and even if the MMU is not operating correctly. 

Segment Map 

The segment map is the first level of the two-level MMU. It is indexed by the f o:.Jr b::s c~ 
the context register concatenated with virtual address bits SB A (29: 18). The se::rnen: - -
map entries (32k or 64k) are 7 or 8 bits wide and point to a Page Map Entry Gro~:J. or 
PMEG. in the page map. The segment map is loaded and read by the SPARC processor 
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though the PMEG (7 :0} bus. The following diagram shows a Segment Ma~ write cycle· 

J ? 4 .. I _ _..I I I I I I ' __ , ___ I elk 

I I 
as I I I I 

I I 
dev spc l I J 

I I 
ctl ( 2:0) l I I 

I I 
Sb rd 1 I 

I 
ack8 l I 

.._ -- -sb - -
I I 

(7 :0) 
-._ .._ -iod 

pm wr(3:0) I I I I - -
I I • 

sm wr I I I I - -

• Note thar only one of these signals is asserted at a time. 

Page Map 

The page map is the second level of the two-level MMU. and contains 8k or i 6k page map 

entries each mapping an 4 Kbyte page. It is indexed by the 718-bit PMEG provided by the 

segment map concatenated with virtual address bits SB_A ( 17:12) . The page map biL 

definition is as follows: 

Bit Type Description 

31 v valid bit, implies read access 

30 w write allowed protection bit 

29 s supervisor only protection bit 

28 x don't cache bit 

27:26 MMU_ TYP(1 :0) 0 => main memory 

1 => input/output space 

2.3 => reserved for VMEbus 

25 A accessed (statistic bit) 

24 M modified (statistic bit) 

23:, 6 none reserved 

, 5:0 page physical page number 
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A Page Map read cycle is shown in the following timing diagram: 

1 

elk I 

as -

dev spc 

ctl ( 2:0) 

Sb rd -
Sb ack8 - -

iod (7:0) 

pm_wr(3:0)_ 
sm wr - -

iod en - -

EPROM 

2 
I 

1 

l 

l 

-

I I .. I _ _.I I I .. I _ _.I I 
I I 
l 1 J 
I I 
I 1 

' I 
I I 
I I 
J l 

I I I 
._ I J "-

I I 

The EPROM is addressable both in device space and control space. When imple~e~~:nG a 
Sun-4 architecture. this feature allows an supervisor instruction fetches in boot state to be 
forced to the EPROM. The system powers up in boot state and remains in that state until 

the appropriate bit in the System Enable Register is set. 

Diagnostic Register 

Any access to the Diagnostic Register will be ignored (with an ACK) by the S4-Cacne 
chip. 
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Device Space Address Map 

mmu_typ(1 :0) 

0 

, 

2 

3 

pa 

oxx 
~3 ~ .20; • 

F 0 X 
F 1 X 
F 2 X 
F 3 X 
F 4 X 
F 5 X 
F 6 X 
F 7 2 
F 7 3 
F 7 4 
FBX 
F9X 
FAX 
F 8 X 
F C X 
FD X 
FE X 
FF X 

all 

device 

RAMSEL (main RAM) 

Keyboard/Mouse 
Serial Controller Chip 
TOD Clk, NVRAM 
Counter Registers 
Parity Ctrl/ Aux 
Interrupt Register 
EPROM 
Floppy Controller 
Audio DAC 
Aux Out Register 
SchoolBus Onboard 

Video Onboard 

SchoolBus Slot 1 

SchoolBus Slot 2 

Unused 

Unused 

Main RAM-- Statistics Update Cycles 

S4-MMU 
Preliminary 

Video Onboard 

• F'J..;3· . .za: are no~ a=~ ... a·. 
oecooe-: O-~ asS:..J"ne: 1: ~ · s 
O"" T ~ ::>e • a::es ses a'"\: : s c-­
Ty;>e : a:::esses 

The operating system requires certain information about the read/write history o~ each 

page mapped into main memory. The 54-MMU chip maintains this information in the 

MMU_A and MMU_M .brts. automatically updating them on any reads O" writes o' r.iai~ 

memory. A statistics u;:>date cycle is shown below: 

, 2 
I I 4 

... ___ , 3 I I I elk .. 1 _ ..... r· I 
I I 

as l I -
I I 

dev spc l J l ] 

I I 
I I ' u a , mm -

um I l ' " _, tugh 1or write cycles -mm 
I I 

pm_wr(2)_ I I I I 

Because the PM VvR signals will be asserted in Cycle 3 and negated in Cycle 5. - -
addresses must rema1r. stable to the MMU RAMs throughout Cycle 5: the earliest they may 
change is Cycle 6. Statistics bits are tri-stated in Cycle 6 No data collision occurs be ca ;;se 
the addresses do not change: we are reading the data we wrote. 
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Main RAM 

The RAMS EL_ signal is a combinatorial outpu: for selecting valid TypeQ space accesses. !: 

must be qualified with AS_ at the RAM ch1;J. It may be used as a Parity Enable s:g~a~ 8,... 

the S4-Buffer chip. 

Protection Errors 

An access violation may occur on any transaction. This is detected by comparing the 

USER_ signal with the MMU_S bit (user mode may not access Suoervrsor-only me~ory · 
and SB_RD with MMU_W (writes must be allowed). When AS_ is recognized in Cycle 2 
along wjth any access violation. no Update cycle takes place (and. of course. no select is 
generated for any peripheral chip). It is assumed that the S4-Cache chip will also oete=~ 
this violation. and terminate the access itself: no acknowledge is reouired. Ctl (0) mus~ De 

zero on any device space transaction. and ctl ( 1) high requires that the page be \.\'!"itea!::·e. 
even if the current bus cycle is a read operation (it implies a LDSi instruction. so a v•,.1:e 
will be coming) . 

SBus Onboard 

The first Ethernet and SCSI controllers a~e standard on the C?J ooa!"d. b~t a!"e v1e••e: :=s 
S9us devices in "Slot O". The Video Control Registers. R~V:JAC. a'1d Fra~e 9...:";: .. :: .. .;. 
viewed as .. Slot 1 ... All SBus select signals are strictly combinatona:·: the desnnar1=,.. c-..~ s 
must qualify them with AS_. 

SBus Slots 

These slots are for system expansion boards. The SB_SEL(3:2)_ signals used to read 2~~ 
write these boards in slave mode. 

Keyboard/Mouse & Serial Controller Chips 

The read and write strobes for these devices implement timing for the Z8530 Seria· 

Controller Chip from AMO and Zilog. On SB_RESET_. both the read and write strobes a~e 
asserted to initialize the secs. 

Note: The SCC chips require a minimum Quiescent time between accesses to allow the 

on-chip synchronization circuitry to recover. This recovery time is guaranteed by the 
S4-MMU chip: any accesses to an SCC within 34 clocks of a previous SCC access will be 
held off until the recovery period expires. The recovery timer does not differentiate 
between the two SCC's. (34 clocks is 1.36 uSec at 25 MHz. 1.7 uSec at 20 MHz.) 

Time-of-Day Clock 

Timing is implemented for a Mostek MK48T12-15 Zeropower!Timekeeper RAM which also 
includes 2 KBytes of CMOS RAM. Please see the Mostek data sheet for a description of 

internal registers. The TOD_CS_ signal is asynchronously held high while the SB_RESET _ 
input is held asserted. 

Parity Control Register 

The Parity Control Register is located in the S4-Buffer chip . 

. S4-MMU 7119188 Sun Confidential Page 8 



Sun Microsystems 84 Chip Set S4-MMU 
Sun SPARC(TM) Suppon System Preliminary 

Interrupt Register 

The Interrupt Register provides for software generation of interrupts and allows the CPU to 
disable all interrupts or only certain ones. It is cleared on SB_RESET _. and has the 

following fields: 

31 30 29 28 27 26 25 24 

Enable Enable Enable Software Software Software Enable 
Level Reserved Level Level Interrupt Interrupt Interrupt lnterru~~ s 

14 io 8 Level Level Level 
Interrupts Interrupts Interrupts 6 4 1 Clears Level 

i 5 ..... ·he!"'\ 0 

All IRQ ( 13: 1) _ signals may be asynchronous to the system clock. 

Software interrupts may be generated on levels 6. 4. and 1 by writing a 1 into bits 27, 26. 
or 25 when interrupts are enabled (bit 24 high). 

Level 15 Interrupt requests are captured on a clock edge and held asserted to the CPJ 
until bit 0 of the Interrupt Register is cleared. 

Note that writing a zero to the Enable bits in the Interrupt Register only masks ou~ the~ 
lever's interrupt it does not clear the source (with the exception of Level i 5 requests). Tnis 

is different from the Sun-r4 Architecture. in that the periodic interrupts at Levels 10 ano 14 

must be cleared by accessing their respective Limit registers. 

Level-Sensitive Interrupts: 

elk l I I I I I I 
I I 

irq {level)_ I l 

I irl (3 :0) -

Interrupting Devices (assumed system configuratton}: 

Int Level 

EPROM 

15 
14 
13 
12 , , 
10 

9 
8 
7 
6 
5 
4 
3 
2 , 

54-MMU 7119i88 

Device 

Buffered Write Timeout Error 
Clock Interrupt 14 from Counter 1 
Bus IRQ13 
Keyboard/Mouse Serial Ports 
Bus IR011 Floppy 
Clock Interrupt 10 from Counter 0 
Bus IRQ9 
Video 
Bus IR07 
SWIR06 Ethernet 
Bus fRQS 
SWIRO SCS! OMA 
Bus tRQ3 
Unused 
SWIRQi Bus IRQ1 

Sun Confidential 

I I I , I 
I I 

1 J 

@"":OC~ :·•o··~. ] I 
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A decode is included for an arbitrarily deep bytewide EPROM ior storing power-1.;;:: 
diagnostics and standard boot routines. The EPROM select is generated from p~ysi:c.· 

addresses. but the EPROM itself is connected to the virtual address bus so it is accessi:Jle 
without setting up the MMU after power-up. This necessitates special mapping in the M~J.J 

once out of Boot State (See System Enable Register in 54-Cache chip). 

Floppy Disk Controller 

The FDC is an Intel 82072. 

IOSEL 

The IOSEL_ signal is simply an address decode that is intended to go to an external PAL. I! 

is assened on any Device Space cycle which passes the protection checks. External logic 
should decode AS , MMU TYPE and addresses. IOSEL decodes should not overlap - - -
those decodes for which the MMU generates automatic acknowledges or delays. IOSEL_ 
is an asynchronous signal. 

IODEN -
The IODEN_ sig~a! is assened for all 8-bit accesses decoded by the MMU. anc for a:­
Control Space accesses (tc r~clude the Cache chip). 

Counter/Timer Registers 

A 21-bit cou~te" increment,ng at 1 uSec is accessible in Type i Device space. I! is se! tc 

•· 1 .O uSec ,. on SB_RESET and free-runs. The leas~ significant 10 bits of this coun~e,.. 

always read as zeroes to allow for future expansion. 

A 21-bit Limit register is compared against the counter value each incremen~. If the 

Counter and Comparator bits match, the counter is set back to .. 1 .O" on tne nex! 
increment. As the counter is set an interrupt occurs at level 10 or 14 for Counter 0 or i if 

the corresponding IE bit of the Interrupt Enable register is set. Whenever a Counter is 

reset by exceedrng the Limit register. the Limit bits (3 i) of the corresponding register pair 

are set. This happens regardless of the state of the Interrupt Enable bit. These bits are 
cleared when the Limit register is read. also clearing the interrupt. The Comparator Value 
in the Limit register is set to all 0 · s on Reset. allowing the Counter to freerun. 

Counter 
10 

~imi1 Counter Value Counter tncrements 
eve~ i uSee 

Limit Reached. 
NOT c•eareo when Counter 
•s read Limit 

31 30 

jumitj Comparator Value 

L_ Limit Reached 
Cleared when Lim•~ Register is 
read (reac Wore onlyi. 

All Counter Registers are in 
Type 1 address space. 

Address 

F3000000 
F3000004 
F3000008 
F300000C 

_... 

10 9 

I 
Register 

Counter 0 
Limit 0 
Counter 1 
Limit 1 

0 

0 

c 

0 I 

Writing to the Limit register will set its corresponding Counter back to 1 .0 uSe:. Bot~ 
Counters may be read at any time. (Counter increments are internally held off until the 

read completes. but no increments will be missed.) 

S4-MMU 7119188 Sun Confidential 
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Both Counters are separately writeable for testing purposes. They should not be w'"1~te"' 1n 

normal operation. Because of the 8-bit interlace unpredictable carrys co~!d occ~,.. 

Auxiliary Output Registers 

An additional read/write strobe has been added for a set of Auxiliary Oi.Jtpu! Re;:iste!'"S 

located in Type 1 Device space beginning at F7400000. 

DAC Write and Tran sf er strobes 

The DAC_WR and DAC_XFER_ signals are somewhat over~oaded. In the power-u~ 

mode. they are used to access an external double-buffered DAC. The DAC_WR_ s1gr1a 1 is 
assened when the cpu attempts to write to the audio DAC address range. It is a slov"· 

device. inserting 7 waitstates. like the SCC's. The DAC_XFER_ signal is asse~te: when 
counter 1 hits its limit register value. transferring the holding register data into the Ot..C 

internal register. It is asserted for 6 clocks or until the interrupt source (L1m1~ 1) 1s 

removed. whichever comes first. 

When the Internal DAC is enabled (see belOV\') the DAC_WR_ pin becomes tr.e Dt-.::2 
output. The DAC _XFER _ pin becomes the PV,'t\~ OL':;::>u~. varyir.g in du~y-cy=le oe:v.-ee~ 

0-511 CLKs out of 512. 

In addition. the DAC_ WR signa' is asserted fo,. both reads anc v-·rites a: lo:a:io., 

OxF7FXXXXX. This is used as an S4-VME chip selec~ signal. 

Internal PWM DAC 

Two 8-bit Pulse-Width Modulation DACs are implemented. operating off of the 4Q. 50 nSec 
CLK input. When enabled. this DAC outputs replace the DAC_WR_ anc DAC_XFER_ 

output pins. It responds to the same address space as the external DAC. only fas~e": Type 

1 Device Space, $F7300000. 

The output of the PWM DAC is a square wave with a duty cycle between 0 and jus: unde~ 
1 Q0°k. When the DAC data register is programmed with 0' s, the output is never high. 

When it is programmed with $0080 (least-significant bit of 9-bit DAC set). the output is 
high for one clock every 512. When it is programmed with $FF80 the output is high 5 i i out 

of every 51 2 clocks. 

DAC 
XFER 

Data 

Dae 
Write 

Hold DAC 
-• Reg.--• Reg..--"" B 

Compare 
A<B.......,. ___ _ 

Ctr A 

PWM DAC 
Block Diagram 

Dae Outp:..:~ 

40150 ~ c·"" S 
nsec ---------------1v .L~------------------- Dae ync 
Clock 
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To use the internal DAC. the Internal DAC Enable bit at F7300002. bit 0 must be se~. The 
Counter Test Mode. AEB. AGB. ALB. and Counter Bits are meant to be read fo: chip 

testing only. The Counter Test Mode bit should never be se~ to one; it speeds tne tv.;c 

Counter 'Timers up to the IU Clock frequency and is intended for chip testing only. 

Values read back from locations F7300000 a:1d F7300001 are nor the same as the valwes 
just written. You write to the Hold Register and read from the DAC Register. The Da~a 1~ 

the Hold Register is transferred to the DAC Register when the internal DAC_XFER p~.J!se is 

asserted (when Counter 1 reaches its limit). 

A11 accesses to the Internal DAC reaisters are fast after the lnterna! DAC Enabie bit is se:. -
No reads from internar DAC registers may be made until this bit is set. 

32-bit values should not be written to the DAC location as the upper two bytes are usec 
for control bits, as shown below: 

A[1 :OJ 7 ,... 
\,,. 

w Hold Register Bits [7:0) 

0 J 

R DAC Register Bits (7 :0] 
J 

w Hold ~~~lrr Bits [7:0] 

1 R DAC Register Bits [7:0] 
fDAC2~ 

R 

0 0 0 0 0 0 C~uriter l~e.rpa· 
es~ ,...,_ 

•OOe na::>E 

0 0 0 0 0 0 C~u.,te· l1te .. '":2 
es~ ~-·-ooe ,,a=·~ 

2 

3 RI __________________ c_o_u_n_te_r_B_i_ts--(7_:_o_J_(_te_s_t_o_n_iy_) ____________________ -J 
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Functional Timing Diagrams 

Keyboard/Mouse or SCC Read 

2 ~ ~ c. f; 7 A c JQ 11 1? '1~ 

elk I I I r I I I r I t I r I r I I I I ._I _.II ...... f I I 
I I I 

as 1 J 1 -
I 

sb r - d J 1 
I 

de vs p T 
I I 

kbm rd l I - -
I I 

sec rd 1 I - -
I I 

J ' ck8 ..... sb a - -
1 I 

iod en 

Keyboard/Mouse, or SCC Write 

, , , ~ c. ~ , F o 1a 11 12 1~ 

elk I r I r I r I I I r I I I I I I f I r I f I I I I 
I l I 

as J 1 r l -
I 

Sb r d l r - I 
de vs pc I l 

I I 
"' 

-..... 
7:0) ' 

,I iod( 

I I 
kbm wr 1 I - -

I I 
sec wr l r 

- -
I I 

sb ack8 - -
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Time-of-Day, Parity Control, EPROM, or Floppy Controller Read 
2 1 ~ r; F 7 P a .,n 11 17 

elk I I I r I r I r I r I r I I I I I I I I I I I I 
I I 

as l 

Sb t d r -

de vs p 

tad rd - -par cs - -
m rd epro 

f d rd - -
- -

sb ack8 

iod en - -

I 
l 

I 
l 
I 

J I 
' I 

Time-of-Day. Parity Control, or Floppy Controller Write 

1 ? 
,.. t.. I:.. ~ 

.., e 0 < ' 

I r I I I r I I I r I I I t I I elk 

I 
as l -

Sb rd I -

devspc I 

I 
iod(7:0) 

I 

" 

I 
tod wr l - -

fd rd 1 - -
I I 

sb ackB - -
I 

54-MMU 7119 ·as Sun Confidential 

I 

l 

I 
I 

I 

I 

ro "' . 
' 

I I 
I 

l I I I 
I 
J 

I 

I 

I 
\,,, 

~ 

I 
J 

l 

I 
J 

,,,.,, 

I 
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SBus. RAM, or IOSEL Read 

elk I ' 
as 

sb rd -

devsp 

I 

ramsel 
sb sel --

iosel 

sb ack (32 .8) - I 
iod en - -

iosel_. ramse!_ arid sb_sel_ are NOT referenced to an~' cl~ edge 

I I 

' 

I 
I 

I 

I I 

' 

Note: SB_ACK8_ is generated by these slave devices. not by the S~-~.1ML' chi~. 

SBus, RAM. or IOSEL Write 

elk 

as 

Sb rd 

devspc 

iod (7 :0} 

sb ser 
ramsel -

iosel_ 

I 

sb_ack (32 .8)_ 

I 

I I I I I I I 
1' 

wait for s::>_ack8_ I 

I 

I 

Note that so_a:k[8.32l_ or sb_err_ sampled by the mmu terminates the select 
No1e Se_ACK8_ is g~nerated b~' these slave devices. not bv the 54-MMU chi~. 
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Internal Register Read 

' ? 
... 1 _ ... 1 elk 

as I 

dev spc l 

ctl ( 2:0) l 

Sb rd 

Sb ack8 - -

iod(7:0) 

iod en -

Internal Register Write 

, 
elk 

as 

dev spc 

ctl ( 2:0) 

Sb rd -

? 
1 ...... __.1 

sb ack8 - -

iod (7:0) 

54-MMU 7119/88 
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Timing Specifications and Diagrams 

Tn 
t1 
t2 
t3 
t4 

t5 
t6 
t7 
t8 

iu elk -

as -

Class-1 

Description 
iu_clk cycle time 

Setup time. as_ signals before elk 
Hold time, as_ signals after elk 
Hold time, Class-1 signals after elk 
Setup time, Class- i signals before elk 
Delay Class-2 to x-sel_ negated 
Delay Class-2 to x-sel_ assened 
Synchronous output delay 

----------~(JI)~---------: 

G) I+- I< @ 

G ~ 
~ 

1+-
Sync-outputs 

Class-2 

GF>I 
x-sel -

min 
40 
3 
15 

0 
15 

S4-MMU 
Preliminary 

max 

22 
23 
22 

Class-1 signals are: io_a[3:0]. ct1[2:0], devspc_, sb_rd, user_, pmeg[7:0] (in), 
pa [27: 12) (in). mmu_[vwsxam] (in), mmu_typ[1 :OJ (in). These signals are used 
synchronously in this case. 

Class-2 signals ere: pa[27:12] (in), mmu_[vwsxam] (in), mmu_typ[1:0] (in), ctl[1:0]. 
devspc_, sb_rd. user_. These signals are used asynchronously in this case, affecting 

outputs so_se/{3:0]_ and ramsel_. 
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Capacitive Loading 

Pin Name Driver Load Assumed (pf) 
iu elk DRVT4 • 

const elk TLC HT • -
io_a(3:0} TLC HT • 

ct1(2:0) TLC HT • 

devspc TLC HT • -
Sb rd TLCHTU • -
as TLCHT • -
sb reset TLCHN • - -
iod (7 :0) BD4TU 100 

sb ack8 8T4 100 - -
user TLCHN • 

dma TLCHT • 

Cid (3 :0) 8T2 15 i 

I 
pmeg (7:0) BD4TD 15 ~ pa(27:12) BD4T 41 :1 

I 
mmu(v,w.s.x) 804T 15 

II 

mmu_typ ( i :0) BD4T 15 
mmu(a.m) BD4T 15 

sm wr 8T4 15 I 
\ - -

pm wr(2:0) 8T4 15 ' - -
~ ramsel BT2 10 

kbm rd BT2 15 
:,1 

- -
kbm wr BT2 15 ,I - - ,I 

sec rd BT2 15 - -
sec wr BT2 15 - -
tod cs BT2 15 - -
par cs BT2 10 I - - ... 

eprom rd 8T2 15 - - I 

f d rd BT2 15 :1 - - :I 
fd wr BT2 15 - -
dac wr BT2 15 - -
dac xfer BT2 15 - -
iosel BT2 15 -
sb sel (3:0) 8T2 15 I - - 1. iod en 8T4 10 - -
aux wr BT4 15 - -
irq ( 1 5. 1 3 : 1 1 • 9 : 1 ) _ SCHMITCN • 
iu irl(3:0) BT2 10 -
od . TLCHTU • -
para 8T1 10 

" input only. 

Conditions: VCC=4.75 to 5.25V, TA=O to +70C. Output Load=i5 pF 

Symbol From To min max unit note 
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t1 

t2 
t3 

Notes: 

Sun· SPARC(TM) Suppon System 

elk cycle 
as setup to elk -
as_ hold from elk 

40 
15 
2 

S4-MMU 
Preliminary 

ns 

.. 
I 

1. This timinig specification does not meet the ideal requiremen!s for 25 MHz s~·s~err 

operation. 

- NOTE: IO_DEN_ is assened only on READS. It is assumed that all write cycles drive t~e 

iod bus. 

Change History 

1 211 5 tw Conf ig register is gone. 
Counter/Timer is 30 bits. Added Interrupt_ Occurred bi~. 

Diag register and bit added. 
12117 tw Added sb ack32 . made sb ack8 and sb err BD4's. - - - -

Statistics updates tristate in Cycle 6. 
12/18 tw Modified Counter/Timer to f reerun on reset. 

Moved DACVv'R. Ctr. Limit. Floppy to E01-4. 

12118 tw Two Counter/Limit register sets. dedicated at Int leve1s ~ Q a~d 1 ~. 

Deleted IRQ inputs 10 and 14. 
Deleted PARA output. multiplexed with ad_ input in test mode. 

Oiag is now a BT8. 
Added one more SB_SEL_ signal. deleted vctl_cs and vramsel. 
Deleted OMA Starvation timeout. deleted SB BG pins. -
Added A2 and 3. gathered Counters and Limit registers in one page. 

1212i tw DAC_WR Gone. It's now in the Video chip. 

Counter starts at 1 . 

12122 tw ramsel. vramsel (sbsel1) are now combinatorial. 

All inputs are ttl levels. 
12129 tw PAR_EN_ signal removed. S4-Buffer will use RAMSEL_ instead. 

115188 tw RAMSEL is now a// of Type1 Device Space. 
1/14188 tw DIAG changed to AUX_WR_. IOSEL changed slightly. 
1/21 tw Added Limit bit to Counter. Moved Counter to EF. Moved SB Slots to 

1127 tw 

1 /29 tw 
218 tw 
2123 tw 
2129 tw 

318 tw 
3115 tw 

4/7 tw 
4118 tw 

4119 tv-· 
4/26 tw 

Type 0 Space. 
TOD is now just a CS_. Added DAC_XFER to allow for double-buffered DAC:. 

SB SELn are now atl asynchronous. - -
Removed SB ACK32 and SB ERR . 

~ - - -
Added OMA pin and description. -
Fixed mmu ram write putse in Pg 4 diagram. 
Added internal pwm dac. IODEN documented. -
4k pages. Changed memory map. 
iosel_ asynchronous. VME select address removed d~e to lack of use. 
Level i 5 interrupts captured and held. Cleared by turn1~g off all interru:>~s. 
Changed Device Address Map to remove ref ere nee to on board video. 

Video is back. Ignore previous change. 
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4127 tw Documented cclk divide by ten and added ctlO function to invalidate device­
space accesses. 

6121 tw 

7119 tw 

Documented ctl 1 function (implied LDST). 

Added timings. 
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1. P/N: 100-1802-02 2. REV: 50 

3. DESCRIPTION: IC,GA,S4-MMU 

4. PHYSICAL MODEL: (120 Pin PFP) 

A. Pinout: *Top 

1 - GND 
2 - /IU IRL.3 
3 - /IO IRL.2 
4 - /IO IRL.l 
5 - /IU IRL.O 
6 - /DAC WR 
7 - XFER 
8 - vcc 
9 - AS 

10 - /SB SEL.0 
11 - GNO 
12 - /SB RD 
13 - RESET 
14 - /SB CAK8 
15 - /IO A.3 
16 - /IO A.2 
17 - /IO A.l 
18 - /IO A.0 
19 - IRQ4 
20 - IRQ6 
21 - IRQ8 
22 - GNO 
23 - vcc 
24 - NC58 
25 - /PAR CS 
26 - PMEG.7 
27 - CID.3 
28 - PARA 
29 - OD 
30 - DMA 

View 

I 
1 

* 
* 

10 
* 
* 

20 
* 
* 

30 
\ 

120 ** 110 ** 100 

31 ** 40 

31 - GND 
32 - IRQ15 
33 - IRQ12 
34 - IRQll 
35 - CCLK 
36 - DEVSPC 
37 - USER 

** 

38 - /KBM WR 
39 - /KBM RD 
40 - /SCC WR 
41 - /SCC WR 
42 - /FD WR 
43 - /FD RD 
44 - /IU CLK 
45 - GND 
46 - vcc 
47 - IOD.7 
48 - IOD.6 
49 - IOD.5 
50 - IOD.4 
51 - IOD.3 
52 - IOD.2 
53 - IOD.l 
54 - IOD.O 
55 - PROMRD 
56 - /TOD WR 
57 - IOSEL 
58 - GNO 
59 - /AUX WR 
60 - /IOD EN 

50 

** 

** 

91 
\ 

90 
* 
* 

80 
* 
* 

70 

* 
* 

61 
I 

60 

61 - vcc 
62 - CTL.0 
63 - CTL.1 
64 - CTL.2 
65 - NC59 
66 - /MMU M 
67 - /MMU A 
68 - /MMU TYP.O 
6 9 - /MMU TYP . 1 
70 - /MMU X 
71 - /MMU S 
72 - /MMU W 
73 - /MMU V 
74 - /PM WR.O 
75 - /PM WR.1 
76 - /PM WR.2 
77 - vcc 
78 - GND 
79 - /SM WR 
80 - PMEG.O 
81 - PMEG.l 
82 - PMEG.2 
83 - PMEG.3 
84 - PMEG.4 
85 - PMEG.5 
86 - PMEG.6 
87 - CID.0 
88 - CID.l 
89 - CID.2 
90 - GND 

91 - PA.12 
92 - PA.13 
93. - PA.14 
94 - PA.15 
95 - PA.16 
96 - PA.17 
97 - PA.18 
98 - PA.19 
99 - GND 

100 - vcc 
101 - PA.20 
102 - PA.21 
103 - PA.22 
104 - PA.23 
105 - PA.24 
106 - PA.25 
107 - 'PA.26 
108 - PA.27 
109 - RAMSEL 
110 - /SB SEL. J 
111 - /SB SEL. ~ 
112 - GND 
113 - /SB SEL. ~ 
114 - IRQl 
115 - IRQ2 
116 - IRQ3 
117 - IRQS 
118 - IRQ7 
119 - IRQ9 
120 - IRQ13 
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B. PIN DESCRIPTION: 
--------------------------------
SYMBOL 
---~~-

/ItJ CLK 
/CONST CLK 

/IO A(3:0) 
CTL(2:0) 
/DEVSPC 
/SB RD 
/AS 
/SB /RESET 

100(7:0) 
/SB /ACKS 
/USER 
/DMA 
CID(3:0) 

PMEG(7:0) 
PA(27:12) 
MMU(v,w,s,x) 

/HMO TYP(l:O) 
MMU(a,m) 
/SM /WR 
/PM /WR(2:0) 
/RAMS EL 
/KBM /RD 
/KBM /WR 
/SCC /RD 
/SCC /WR 
/TOD 1c·s 
/PAR /CS 
/EPROM /RD 
/FD /RD 
/FD /WR 
/DAC /WR 
/DAC /XFER 
/IOSEL 
/SB /SEL(3:0) 
/IOD /EN 
/AUX /WR 
/IRQ(lS,13:11,9:1) 
/IO IRL(3:0) 

/OD 
PARA 

TYPE 
-----
DRVT4 
TLCHT 

TLCHT 
TLCHT 
TLCHT 
TLCHTU 
TLCHT 
TLCHN 

BD4TU 
BT4 
TLCHN 
TLCHT 
BT2 

BD4TD 
BD4T 
BD4T 

BD4T 
BD4T 
BT4 
BT4 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT2 
BT4 
BT4 

SCBMITCN 
BT2 

TLCBTU 
BTl 

DESCRIPTION 

Integer Unit Clock 
100 nsec clock divided by ten 
internally for counters. 
Buffered Address bits from SBus 
Encoded control space selects 
Lo for device space accesses 
SBus Read. High during IU reads. 
Address strobe from S4-Cache 
SBus Reset. Lo for power-on 
& S/W resets. 
Input/Output Data bus 
SBus 8-bit Acknowledge 
Lo for User Space accesses 
Lo during DVMA accesses 
Context ID. Hi-order addresses 
into the Segment Map. 
Page Map Entry Groups 
Physical Address bits 
MMU Valid, Write-allowed, 
Supv.-only, Don't Cache 
MMU Type bits 
MMU Accessed, Modified. 
Segment Map Write 
Page Map Write bits 
DRAM Select 
Keyboard/Mouse Read 
Keyboard/Mouse Write 
Serial Controller Chip Read 
Serial Controller Chip Write 
Time-Of-Day Access 
Parity Chip Select 
Eprom Read 
Floppy Disk Read 
Floppy Disk Write 
Audio DAC write strobe 
Audio DAC transfer strobe 
Select for type 1 device 
SBus Selects. (includes Video) 
Input/Output Data bus Enable 
Auxiliary Output Write Strobe 
Interrupt Request 
Integer Unit Encoded Interrupt 
Requests. 
Output Disable input 
Parametric output 
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5. DC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 100 pF) 
====~=====~~=~=========~~====~=~=========~===~~======~======~~==~==== 

I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITI NOTES I 
IMin ITyp IMax I 

~~~~~=~==~~~========================================================= 

I VIH I Input High Voltage I I I I I I 
I I TTL Inputs 12.0 I I I v I I 
I I Temperature Range I I I I ' I 
I I CMOS Levels 13.5 I I I v I I 
1-------------------------------------------------------------------1 
I VIL 
I 

I Input Low Voltage 
I TTL Inputs 

I I I 
f 0.8 I v I 
11.s I v I I I CMOS Levels 

)-------------------------------------------------------------------
VT+ I Schmitt-Trigger, Positive-going! 13.0 14.0 I v 

I Threshold I I I I 
-----------~~---.--~----------------------------------------------._.-..__ __ ._. ___ ,__~---

VT- I Schmitt-Trigger, Negative-goingll.O 11.5 I I v 
I Threshold I I I I 

-----.... -------~------------------------------~-------,_-----~------.a--.-.----~---- .... -
VOH I Output High Voltage I I I I I 

I Type Bl I I I I J 1 
I Type B2 12.4 14.5 I I v I 2 
I Type B4 I I I I I 3 
I Type BS I I I I I 4,6 
I Type Bl2 I I I I 1 5,7 

----------------------------------------.-..-~-------------------------
VOL I Output Low Voltage I I I I 

I Type Bl I I I v I 8 
I Type B2 10.2 10.4 I v I 9 
I Type B4 I I I v I 10 
I Type BS I I I v I 11,6 
I Type Bl2 I I I v I 12,7 

--~---.-.----------.-..--~----------_.-----~~---.-.--------------~------~--------
I Hysteresis, Schiimitt Trigger (1.0 11.5 I I v I 13 

----------~---------------~------~-~~-----~------.._. ___ ,._.,~----~-~~------~ 
II I Input Current, CMOS, TTL Inputsl-10 l+/-11 10 I uA I 14 

I Inputs with Pulldown Resistors I 10 I 35 1120 I uA I 15 
I Inputs with Pullup Resistors 1-1001-30 I -8 I uA I 16 

______ ._ ___ ~---...-.----------~---i.-.--------~---~~--~------------------------
IOS I Output Short Circuit Current 

I 
I 15 I 50 I 1301 mA I 17,21 
I -5 1-25 1-1001 mA I 18,21 

-------------------------------~ ... .._---~--------.-.---------------------
IOZ I 3-State Output Leakage Current 1-10 l+/-11 10 I uA I 19 

----------------------------------------------------------------.--~---
IDD I Quiescent Supply Current )User-Design Dependentl 20 

I 
I 
I 

I 
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NOTES: 

1. 
2. 
3. 
4 . 
5. 

!OH 
!OH 
IOH 
IOH 
IOH 

- -1.0 
- -2.0 
- -4.0 -
- -8.0 
- -12 -

mA 
mA 
rnA 
rnA 

mA 
6. Requires one output pad 
7. Requires two output pads 
8. IOL == 1.0 mA 
9 • I OL s::: 2 • 0 mA 

10. IOL s::: 4.0 mA 
11. IOL ~ 8.0 mA 
12. IOL = 12 mA 
13. VIL to VIH 

VIH to VIL 
14. VIN= VDD or VSS 
15. VIN ~ VDD 
16. VIN == VSS 
17. VDD =Max, VO= VDD 
18. VDD ~ Max, VO = OV 
19. VOH = VSS or VDD 
20. VIN= VDD or VSS 
21. Type B4 output. Output short circuit current for other outputs will 

scale. Not more than one output may be shorted at a time for a 
maximum duration of one second. 

6. AC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC) 

I SYMBOL I 
I I 

PARAMETER I LIMITS 
I Min I Max 

IUNITI 
I I 

~==========~==~=================~===~=:~========~~======.:=~=----=============== 

tl I /IU CLK cycle time I 40 I I ns 
-------,-.-~--------~~-----~---.~~----~----------------------.---
t2 I Setup time, /AS signals 

I before CLK 
I 3.0 I 
I I 

I ns 
I 

.-,-.~-.-..,~---~-----------------------------------~~-~---------
t3 I Hold time, /AS signals 

I after CLK 
I 15.0 I 
I I 

I ns 
I 

---~--~-~~----.-.---------~,_.-----------------~.-~-.-.----.~------
t4 

ts 

I Hold time, Class-1 signals 
I after CLK 

I Setup time, Class-1 signals 
I before CLK 

I O 
I 

I 
I 

I 15.0 I 
I I 

I ns 
I 

I ns 
I 

---~,..,~---,-.-------------------------------------------~-~,... 
t6 I Delay Class-2 to X-/SEL 

I negated 
I 
I 

I 22.0 I ns 
I I 

~.-.----------------------------------------------..-.-------
t7 I Delay Class-2 to X-/SEL 

I asserted 
I 
I 

I 23.0 I ns 
I I ___ ,_,_--~--------------,..,---------------~~..,~---~----------~-----

t8 I Synchronous output delay I I 22.0 I ns 
~===~========~~=======~=~~~~~=~~=~~~===~========~==========~~ 
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CAPACITIVE LOADING 
------------------_______ ..._. _______ .._._ 

Signal Name Type Cell Unit (pF) 
----------- _ _._ __ ...,_,_ __ 

.-.-..-.-----~ 

/IU CLK DRVT4 * 
/CONST CLK TLCHT * 
/IO A(3:0) TLCHT * 
CTL(2:0) TLCHT * 
/DEVSPC TLCHT * 
/SB RD TLCBTU * 
/AS TLC HT * 
/SB /RESET TLCHN * 
IOD(7:0) BD4TU 100 
/SB /ACK8 BT4 100 
/USER TLCHN * 
/OMA TLC HT * 
CID(3:0) BT2 15 
PMEG (7: 0) BD4TD 15 
PA(27:12) BD4T 41 
MMU(v,w,s,x) BD4T 15 
/MMO TYP(l:O) BD4T 15 
MMU (a,m) BD4T 15 
/SM /WR BT4 15 
/PM /WR(2:0) BT4 15 
/RAMS EL BT2 10 
/KBM /RD BT2 15 
/KBM /WR BT2 15 
/SCC /RD BT2 15 
/SCC /WR BT2 15 
/TOD /CS BT2 15 
/PAR /CS BT2 10 
/EPROM /RD BT2 15 
/FD /RD BT2 15 
/FD /WR BT2 15 
/DAC /WR BT2 15 
/DAC /XFER BT2 15 
/IOSEL BT2 15 
/SB /SEL(3:0) BT2 10 
/IOD /EN BT4 15 
/AUX /WR BT4 15 
/IRQ(lS,13:11,9:1) SCHMITCN * 
/IU IRL(3:0) BT2 10 
/OD TLCHTU * 
PARA BTl * 

* Input only 
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7. AC OPERATING REQUIREMENTS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 15 pF) 
----------------------------------.... ----~~------~.-.~-~~._...--.----- ..... ---------------------------------------------------------------
I SYMBOL I 
I I 

PARAMETER f LIMITS IUNITI 
I Min I Max I I 

---------------------------------------------------------------------~-.--.--------------------------~----~._ ________ _ 
I tl I CLK Cycle I 40 I ns I 
1--------------------------------------------------------1 
I t2 I /AS Setup to CLK I 15.0 I I ns I 
1--------------------------------------------------------1 
I t3 I /AS Hold from CLK I 2.0 I I ns I 
--------~------------------------------------------._. _____ _ ------------------------------------------------------------

8. CAPACITANCE: 
------------.------------------------------------------------_____________ ...,.._ ________________________ _, ___________________ _ 
I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITI 
I Min I Max I I 

~=====~~==============~~~~~~==~===========~====~~===========~ 

I CIN I Input Capacitance I I 20 I pF r 

1-----------------------------------------------------------1 
I COOT I Output Capacitance I I 100 I pF I 
-------------------------------------------------------------------------------------------------------------------

9. TRUTH TABLE: N/A 

10. FUNCTIONAL TABLE: N/A 

11. OUTLINE DRAWING: N/A 

12. WAVEFORMS: N/A 

DATE: 1/12/89 

AUTHOR: PL 

-----------------------------------------------------------------------
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Features 

• Supports 1 M and 4M DRAM SIM Ms 
• Directly drives 8 SIMMs (8/32 MBytes) 
• Decodes configurations up to 32 SIM Ms (32.t 128 MBytes) 
• Supports high-speed burst mode with fast-page RAMs 
• Contains refresh Jogic and timer 

• Low-cost 1 OOPFP package 

The 54-RAM controller provides all address handling, RAS and CAS decoding. and contra: 
for a memory system of four or eight SIMM memory modules. The controller includes two 
sets of output buffers, each one driving a group of 4 SIMMs. The 54-RAM controller 
supports 1Mbit and 4MBit SIMMs. Up to four 54-RAM Controllers can be bank-seiecte8 tor 
a ·maximum memory configurations of 32 SIMMs. 

54-RAM 7118188 
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.. 

.. 

.. 
-. 
... 

... 

S4-RAM 

SB_PA(27:0) MA0(0:10) 

S9_SJZ(2:0} WED_. ILD--M SIMM 

SB_RD .· ._.;. RAS(O.:~)- 10 : .. {0:3) 
AS .. : ··: .. ,..;. .. · .... ,;::.; ... : :: ... CAS(0:3). 100--..... ~ 

- ·.· • :-> .·.~-~ ·.· ·.•.•.•.·. ··.:- . . . · .. ·.-.--
. . . . . -SELRAM -...... -. _- ... -· 
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Pin Description 

Name Type Description 

Bus Interface 35 

elk 
sb pa(0:27) -
sb_siz(0:2) 

Sb rd -
sb ack32 -
as -
selram -
Other Inputs 

ramtype 
rams pd 
bank(O: 1) 

por_ 
para -
RAM Drivers 

maO (0: 10) 

ma1(0:10) 

weO 
we1 
ras(0:7) -
cas(O: 7)_ 

TOTAL: 

Device Number: 
Package Type: 

54-RAM 7I1 8188 

TLCHT 
TLC HT 
TLC HT 

TLC HT 
BT4 

TLCHN 
TLCHN 

6 

IBUFD 
IBUFD 

IBUFD 
IBUFNU 

BD1CNU 

40 

BTB 
BTS 
BT8 

BT8 
BTB 
8T8 

82 

LMA9095 
PFP100 

system clock 
physical address bus 

size of write cyc,es. 0 :4 bytes. 1 : 1 byte. 2: 2 bytes. 
3:3 bytes, 4:4 byte bursts. 5.6.7:Not allowed 
read cycle 
word acknowledge 
address strobe 
select ram 

ram type: 0: 1 MbitDRAM. 1 :~Mt)i~:>RA~/ 

ram speed: O:slow RAS. i :fas! RAS 
ram bank: selects base adc:~ess 
power-on-reset and tes! 

parametric test output/output disable 

multiplexed address setO. drives t. Sl~~rJ:s 

multiptexed address set i, drives 4 SIM Ms 
write enable set 0. drives 4 SIMMs 
write enable set 1 • drives 4 SIMMs 
ras, drives 1 SIMM. selects bank (32-bits.~ 

cas. drives 1 SIMM. selects byte within bank 

(10:92 VDD:2 VSS:4) 
(PADS:82 VDD:6 VSS: 10) 

Sun Cont ident1al Page 2 
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Functional Description 

The 54-RAM controller uses addresses as fallows: 

Cycle row column 

maO ai2 a2 
ma1 a13 a3 
ma2 ai4 a4 

ma3 ais as 
ma4 a16 a6 
mas a17 a7 

mas a18 a8 
ma7 a19 a9 
mas a20 a10 

ma9 a21 aii 

ma10 a22 a23 

(ma 10 is used for 4 Mb it RAMS only) 

Address 4 MB RAM , Ma Rh~ 

aO byte byte 

a1 b;1e byte 

a2 colO colO 
a3 co11 co!1 

a4 col2 col2 

as col3 co13 
a6 col4 col4 

a7 col5 co IS 
a8 col6 col6 

a9 coi7 col7 

a10 col8 co IS 
a11 col9 col9 

a12 rowO rowO 
a13 row1 row1 

a14 row2 row2 

a15 row3 row3 

816 row4 row4 

a17 rows row5 

aia row6 row6 

a19 row7 row7 

a20 rows row8 

a21 row9 row9 

a22 rowiO set 

a23 coli O bankO 
a24 set bank1 

a25 bankO 0 

a26 bank1 0 
a27 0 0 

S4-RAM 71i8'86 Sun Confidential Page 3 
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Sun .SP~RC(TM) Suppon System. Preliminary 

Decoding Tables 

The 54-RAM controller decodes RAS and CAS as follows: 

Size Address Byte(O) Byte(1) Byte (2) Byte(3) 

sb_siz1 .sb_sizO sb pa 1 • sb paO - - CAS(0,4) CAS(i .5) CAS(2 .6) CAS(3. 7) 

o.o 0.0 x x x x 
o. 1 x x x 
, .0 x x 
1 ', x 

0', 0.0 x 
Q,, x 
, .o x 
, I , x 

, .o 0,0 x x 
0., x x 
, .0 x x , . , x 

, I , 0.0 x x x 
0 I, x x x 
, .o x x , ' , x 

Mode Bank Select Address RAS(3:0} RAS(7:4) 

SB PA22=0 x -
1 Mbit Bank(1 :0)=SB_PA(24:23) 

SB PA22=1 x -

SB PA24=0 x -
4 MBit Bank(1 :0)=SB_PA(26:25) 

SB PA24=1 x -

S4-RAM 7118.'88 Sun Confidential 
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Sun SPARC(TM) Support System. Preliminary 

Multiple Chip Configurations 

Up to four S4-RAM controllers can be configured into one memory subsystem by means 
of the bank decoding inputs. Since each S4-RAM chip can drive 8 SIMMs the maxim~:n 
configuration is 32 SIMMs (32/128 Megabytes). The figure below illustrates a i 6 SlV.rl 

memory configuration. Mixed 1 Mbit and 4 Mbit configurations are supported in the ~ M~:~ 
ramtype mode which causes all banks of memory to start on 16 MByte boundaries . 

. :: · ..... · ::::"->:--:·RAS2~:CAS2 .,__ 

BANK 

... ·- .... 

<::.·\:::::-·RAS3 :cAS3 ----- -illiiJiiili 

- . -MAO,WEO ·-- ._ ____ __. 

_ RAS4. CAS4 ~~~~liiMililillililililil SIM M4 

· · · -. RAS 5 ; CA S 5 lilililililililliliiiilililiMiliiililllllllflliliiilililiilliMililiilill...., SI M W. 5 

_: -RAS6,CAS6 l---i11!18!iii3 SIMM6 

RAS7.CAS7 

- MA1,WE1 

..._ _ _.. ~~R . AASO,CASO SIMMS 
FACE _ · .::RAS1 .. CAS1 L-....&.~;.~~-~~~~'C';~:-;.~;!~,~~ ... ~~· ~~~·m:·~~l!~ .. ~~C.;-s~~~ SIMMS 

...... : .... · .::::::_ ... RAS2~:CAS2 SIMM10 

.:.RAS3.CAS3 SIMMi 1 
'. 

---·MAO,WEO. 

SIMM12 
- . . . !llfll!l!!l!l!I 

... .-:·:··:_·: ... : ... _·-::;:r~RAS5:~CAS5t-----1mm•• m.11 SIMM13 

---. -·.~ .. -;:::-)RAss·. CASS. SIMM 14 

-· --- aANK _-::-·\}~s7.;·cAs1.1--mmBR•• s1MM, s 
·· -·::::-··MA1:;WE1 ::.-

54-RAM 7118.188 Sun Confidential Page 5 
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Timing Diagrams 

The S4-RAM controHer supports three basic types of cycles: Refresh cycle. CPU cycle. 
and Burst Cycle. For both the refresh cycle and the CPU cycle. the S4 RAM C0!1Tr:>l!e" 

supports two RAM speeds via the RAMSPD input: fast and slow. The fast mode suopo~!s a 
minimum cycle of 4 states for CPU cycles and 5 states for Refresh. In slow mode. RAS is 
extended by one additional state. This allows to use slower RAMs at the cos~ of an 
increased cycle time. There is no separate fast and slow mode for burst cycles. 

Cycle Overview. The S4-RAM controller stays in the idle state (SO) until either activated by 

a refresh request, causing a refresh cycle, or by a CPU sei~cl. causing a CPu or burst 

cycle. In case of simultaneous refresh re Quest and CPU select the ref re sh reques~ 

receives priority. 

CPU cycles are initiated when the 54-RAM controller simultaneously receives address 
strobe (AS). select RAM (SELRAM), and a matching set of physical addresses <ses 
address decoding table). In response to the CPU reQuest, the RAM controlle~ activates 

RAS for the bank of memory decoded by the addresses. 

Burst cycles are a special type of CPU cycle indicated by SB_SIZ (2) =1. B:..i,.s: !i:~OE 

causes a transfer of a 4 word block aligned on a 4 word boundary. The address presente:: 
at the beginning of the cycle is the address of the first word to be transferred; conse=u:1ve 
addresses are generated within the 54-RAM controller modulo 4 word adaresses. 

Refresh cycles are generated internally by a refresh request which occurs every 32C 

system clocks. This will cause one refresh request RREQ every 16 usec for a 20 MHz 
system clock. tn order to distribute the refresh current among multiple RAM contro!1e~s. 
the refresh counter is preloaded on power-on-reset to a value of (bank • 2 .. 16;. 

The timing diagrams below illustrate the waveforms for the different cycles. Sig~a: 

transitions are illustrated simultaneous to the clock edge that causes them. 

INPUT SIGNAL TIMING 

so so 51 

CLK I I I I I I I 
AS-

" / 
SELRAM-

SB_PA(27:0) x x 
SB_SIZ(2:0) 

SB RD 
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S~n SPARC(TM) Supp0rt System .. Preliminary 

Selecting The S-4 RAM Chip 

The 54-RAM chip is selected by presenti~g an appropriate set of addresses. by br1ng:r; 
RAMSEL_ active. and finally by bringing AS_ active. The address lines used to determine,+ 

the chip is to be selected depend on two other factors. the state of the BAN~ and 

RAMTYPE pins. These pins in various combinations alter the selection of the chip base:J on 
addresses. If one megabit rams are used. SB_PA(23) and SB_PA(24) m~st be the same 
state as BANK(O) and BANK{1). and SB_PA(25). SB_PA(26), SB_PA (27) must all be logi~ 

zero for the chip to be selected. The selection process is completed by bringing RAW.SEL._ 
active (comes from S4-MMU chip) and AS_ active (comes from S4-CACHE chip). In the 
case of four megabit rams, SB_PA(25) and SB_PA(26) must be the same as the BANK(O) 
end BANK(1) pins. and SB_PA(27) must at logic zero. 

The input signal combinations need only be present through the rising edge of one clock 

cycle. Once this happens. the 54-RAM chip will start the appropriate ram cycle and 

continue unti! completed. Once the 54-RAM chip starts a memory cycle. there is no v.-c.y 

to abort it. 

CLK r l \ 
I 

SB PA T9 \ T10 -

RAMS EL . T7 TS 

AS T7 TB 

SEL • 
~ 

~------/ 
• SEL_ is an internal signal 

84-RAM 711 9,·as Sun Confidential Page 7 
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CPU Cycle 

In response to a select. the RAM controller enters state 51 and asserts RAS for the tao-\~ 
of memory decoded by the addresses. The row/column addresses are mu!tiplexe: O'i tt--,E 

half-state following RAS. In state S2. the RAM controlJer asserts CAS and acknov-.·:e:;e 
signal ACK32. Forlowing S2. in fast mode the RAM controller finishes up with S 1 O vJ~:c:-. 
deasserts RAS and ACK32 while keeping CAS asserted. ln slow mode. the RAM con!ro:ie,. 
extends RAS in state S9. and then deassens all control signals in state S 1 O. In both cases. 
write data (WDATA) must be valid at beginning of CAS and read data (ROAT A) is val10 a~ 

the end of CAS. 

The following diagram illustrates timing for fast rams. 

FAST 

CLK 

S,..., 
t:&-

RAS 

• 

so S1 S2 

I ..__.I _I _I l I 
,.___ ___ / 

T4 .__l -------

510 so 
I l 

MA ________ r_eX __________ X _____ __ 
CAS 

TS .._I ------' 

T11 _I ___ I T12 I SB ACK32 - -
RDA TA 

WDATA 

WE T6 .__l _____ ._.. 

(write cycles only) 

• SEL_ is an internal signal 

.. 
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The following timing diagram illustrate timing for slow rams. 

SLOW 

CLK 

SEL_ • 

RAS -

so si 

I _I __ I 1 __ 

" / 

S2 S9 

T4~1 -----------------------

sic 

MA __________ rs~X ___________ ~ ______ X __ 
rsl _______ I CAS -

T11 l ____ I T12 t SB ACK32 - -

RDATA 

WDATA 

WE rs~I --------------------
(write cycles only) 

• SEL_ is an internal signal 
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Read Burst Cycle 

The 54-RAM controller supports a burst mode cycle of 4 words. using f as!-page mode 
RAMs. In burst mode. the RAM controller will cycJe through states S3 through S9. whiie 

incrementing the word-address modulo 4. There is no separate FAST and SLOW mode f o,. 
burst cycles. 

so 51 S2 53 S4 S5 

CLK I I I l I I I I I I I I I 
MA T6 x z z 
SEL • 

" / -

RAS T4 -

I I I CAS TS I -

ACK32- T1 , I I T12 I I I 
RDATA ~+=~~{;~:~~mjf.?t%/:::::::: ~.:.:! ~w~~~~(~~~j~;)+~~~r: ::-:~:::;:::! 

WE -

56 57 58 59 510 so 

CLK I I I I I I I I I I I I I 
MA z z 
SEL • -

RAS -

I I I CAS I I -

ACK32- I I I I I 
. . ... ~· . ·;.'.:,.~~··.·.-.;.;., 

~~ff g4,JJ11g~~t~~ RDA TA ~~¥J:~:~~i~f , .. , ........ ,,....... ,.,, .... _..,, ......• , .. 

WE -
• SEL is an internally generated select signal -

$4-RAM 7118188 Sun Confidential Page i 0 
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Write Burst Cycle 

The write burst cycfe is similar to the read burst cycle excep! for the CAS tir.iir.; v.-~ :~ 
reduces write hold time. There is no separate FAST and SL.Ov.· mooe for bursr cy:les 

so si S2 S3 54 S5 

CLK I I I I ,. l I I J l r I J 

MA T6 x z z 
SEL • 

"' / -

RAS T4 -

CAS T5l I I I -

ACK32- T1 , I I T12 l J 

p:f::~FW·;:::::g?~i?] r j .. WDATA ·=·'·'·=·:·:·:·:=·:·:·:~-:<:• :: : " : .·. ···.::·, .... . . 
~~~· '.. ·:·::: ~:~·: ··: :·:::- .• ~ ~:::~·:. :·.:: :: .• :::~==~-·~ . - . 

rsl WE -

S6 57 SS 59 c::·c ""' ' S8 

CLK r I I I I I I I I I I I J 

MA z z 
SEL • -
RAS -
CAS I I I I -

ACK32- I I I I I 
WDATA r.~~r-t~~~ .. r:;t~~~~?: 

~~==~:::::;;:~:~:=~~~~~~~~~:::~:~: 
-~~ ·~~·~E~~ II. ~.·:,.~.. '! •. ·~ 

~·."'.'=·· .... •• ~w-~-::-~ 
~:~-'.'!"~.·~·=·· .. ·'.·.-.. :':·:-~:· 

WE -

• SE!.. is - an internally ge!"lerated signal 
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Ref re sh Cycle 

Refresh is implemented with a "CAS-bef ore-RAS·· cycle. Once a refresh rec~es: is 
recognized. all CAS outputs are asserted during state RO followed by all RAS o:.;~:;..;~s 

asserted at state R 1. R::F. RAS. and CAS stay asserted during R2 and are deasse--~e: :~ 

state S 10. In ''slow·· mode. a state S9 is insened that extends all control signals for one 
extra state. Refresh request takes priority over CPU cycles that arrive at the same time. 
Pending CPU cycles have to wait until they are recognized in SO. 

FAST 

CLK I 
so RO 

I 
RREQ_ ·" / 

REF • 

CAS TS 

RAS 

SLOW so RO 

CLK ! I I 
RREQ_ • " / 
REF • -

CAS -

RAS -

Ri R2 

I I I I l I 

I 
T4..._ ______________ __, 

R1 R2 

I I l 

• RREQ_ and REF_ are internally generated signals 

54-RAM 7/18188 Sun Confidential 
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Timing Specifications 

Conditions: 

vcc 4.75 to 5.25V 
TA 0 to +70C 
Cma capacitve load MA, WE 180 pF (36. 5pF) 
Cctl capacitve load RAS.GAS 85 pF (9. 9pF) 
Ca ck capacitive load ACK32 100 pF 

Symbol From To min 

t1 elk high elk cycle + elk high 40 
t2 elk high elk low 15 
t3 elk low elk high 15 
t4 elk high ras va:id 5 
t5 elk low cas valid 5 
t6 elk high ma. we valid 5 
t7 input setup elk high 15 

t8 elk high input hold ---
t9 PA setup ctk high 18 
t10 PA hold elk high ---
t1, elk high S3 ACK32 valid 6.5 - -
t12 elk high SS ACK32 invalid 4.5 - -

Input Setup Times (measured relative to clock) 

Pin 

SB_PA(27:0) 
RAMS EL 
all other inputs (except clock) 

54-RAM 7 118188 Sun Confidential 

max 

---
---
---
, 6. 5 
, 6. 5 

25 
---
0 
---
0 
23 
, 6.5 

max 

18 
15.5 
15.0 

S4-RAM 
Preliminary 

unit 

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

unit 

ns 
ns 
ns 
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Change History 

Date Change 

First release 12114/87 

1/18188 Added Select information, additional timing waveforms and 
delay numbers. 

, 127188 
1/29188 
3/3188 
7118188 

Corrected typos 
Corrected block picture pin names 
Corrected pin lables on page one 
Updated Timing Numbers 
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1. P/N: 100-1805-02 2. REV: 50 

3. DESCRIPTION: IC,GA,54-RAM 

4. PHYSICAL MODEL: (100 Pin PFP) 

A. Pinout: *Top View 

100 ** 90 ** 80 ** 76 
I \ 

1 75 

* * 
* * 

10 70 

* * 
* * 

20 60 

* * 
* * 

25 51 
\ I 

26 ** 30 ** 40 ** 50 

1 - MAO.O 26 - /WEO 51 - /POR 76 - /CAS.4 
2 - MAO.l 27 - RAMTYPE 52 - /PARA 77 - /RAS.4 
3 - MA0.2 28 - RAMSPD 53 - /SB /ACK32 78 - MAl.2 
4 - /RAS.O 29 - BANK.l 54 - VDD 79 - MAl.1 
5 - /CAS.0 30 - BANK.0 55 - /WEl 80 - MAl.O 
6 - VDD 31 - /SB PA.27 56 - /CAS.7 81 - /SB SIZ.0 
7 - vss 32 - /SB PA.25 57 - /RAS.7 82. - /SB SIZ.1 
8 - MA0.3 33 - /SB PA.23 58 - MAl.10 83 - /SB SIZ.2 
9 - MA0.4 34 - /SB PA.21 59 - MAl.9 84 - /SB PA.0 

10 - MA0.5 35 - /SB PA.19 60 - MAl.6 85 - /SB PA. 2 
11 - /RAS.l 36 - /SB PA.17 61 - vss 86 - /SB PA. 4 
12 - /CAS.1 37 - /SB PA.15 62 - VDD 87 - /SB PA.6 
13 - vss 38 - /SB PA.13 63 - /CAS.6 88 - /SB PA.8 
14 - VDD 39 - /SB PA.11 64 - /RAS. 6 89 - VDD 
15 - MA0.7 40 - vss 65 - MAl.8 90 - /SB PA.12 
16 - MA0.8 41 - VDD 66 - MAl.7 91 - /SELRAM 
17 - /RAS.2 42 - CLK 67 - VDD 92 - vss 
18 - /CAS.2 43 - /SB PA.9 68 - vss 93 - /SB PA.10 
19 - VDD 44 - /SB PA.7 69 - /CAS.5 94 - /SB PA.14 
20 - MA0.6 45 - /SB PA.5 70 - /RAS.5 95 - /SB PA.16 
21 - vss 46 - /SB PA.3 71 - MAl.S 96 - /SB PA.18 
22 - MA0.9 47 - /SB PA.l 72 - MAl.4 97 - /SB PA.20 
23 - MA0.10 48 - /AS 73 - MAl.3 98 - /SB PA.22 
24 - /RAS.3 49 - /SB RD 74 - vss 99 - /SB PA.24 
25 - /CAS.3 50 - vss 75 - VDD 100 - /SB PA.26 



B. PIN DESCRIPTION: 
--------------------------------

SYMBOL 
------
BUS INTERFACE 
-------------
CLK 
/SB PA(0:27) 
/SB SIZ{0:2) 

/SB RD 
/SB /ACK32 
/AS 
SELRAM 

OTHER INPUTS 
----~-.-.--,_, __ .., 

RAMTYPE 
RAMSPD 
BANK{O:l) 
/POR 
/PARA 

RAM DRIVERS 
----~-----~ 

MA0(0:10) 

MAl (0 :10) 

/WEO 
/t-."El 
/RAS(0:7) 

/CAS(O:i) 

TOTAL: 

TYPE 
-.----
36 

TLC HT 
TLC HT 
TLCHT 

TLC HT 
BT4 
TLCHN 
TLCHN 

6 

IBUFD 
IBUFD 
IBUFD 
IBUFNU 
BDlCNU 

40 

BTB 

BTS 

BT8 
BTS 
BT8 

BT8 

82 

DESCRIPTION 
-----.--------

System Clock 
Physical Address Bus 
Size of write cycle. 0:4 bytes, 
1:1 byte, 2:2 bytes, 3:3 bytes, 
4:4 byte bursts. 
5,6,7:Not allowed 
Read Cycle 
Word Acknowlege 
Address Strobe 
Select Ram 

Ram Type: O:lMbitDRAM, 1:4MbitDRAM 
Ram Speed: O:slow RAS, l:fast RAS 
Ram bank: selects base address 
Power-On-Reset and Test 
Parametric test output/output disable 

Multiplexed address setO, 
drives 4 SIMMs 
Multiplexed address setl, 
drives 4 SIMMs 
Write enable set 0, drives 4 SIMMs 
Write Enable set 1, drives 4 SIMMS 
RAS, drives 1 SIMM, 
selects bank (32-bits) 
CAS, drives 1 SIMM, 
selects byte within bank 



5. DC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC, Output Load= 100 pF) 
=================~==================~================================= 

I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITI NOTES I 
IMin ITyp IMax I I I 

=============================================================~====== 

I VIH I Input High Voltage I I I I I J 

I I TTL Inputs 12.0 I I I v I I 
I I Temperature Range I I I I I r 
I I CMOS Levels 13.5 I I I v I I 
1-------------------------------------------------------------------1 
I VIL 
I 

I Input Low Voltage 
I TTL Inputs 

I 
I 
I 

I 
I 
I 

I I 
10.8 I v 
Jl.5 I v 

I 
I 
I 

I 
I 
I I I CMOS Levels 

1-------------------------------------------------------------------1 
I VT+ I Schmitt-Trigger, Positive-goingl 
I I Threshold I 

13.0 14.0 I v I 
I I I I 

I 
I 

1-------------------------------------------------------------------1 

I 

VT- I Schmitt-Trigger, Negative-goingJl.O Jl.5 I 
I Threshold I I I 

I v 
I 

I 
I 

-------------------------------------------------------------------1 
VOH I Output High Voltage I I I I 

I Type Bl I I I I 1 
I Type B2 (2.4 14.5 I v I 2 
I Type B4 I I I I 3 
I Type BS I I I I 4,6 
I Type Bl2 I I I I 5,7 

--~~~~~---"-'--~--_. _ _.._ ____ ~ _______ _. __ ,_,._. ______ ~ __ ._.._ _ _._._~----.-.-----------------
VOL I Output Low Voltage I I J I I 

I Type Bl I I I I v I 8 
I Type B2 I 10.2 10.4 I v I 9 
I Type B4 I I I I v I 10 
I Type BS I I I I v I 11,6 
I Type B12 I I I I v I 12,7 

,_.._. .... ~---~-.----~------..----.-.--._,_,.__ ... _.~,_.~-~-----~~.-.-.----~~--------------------
I Hysteresis, Schiimitt Trigger 11.0 (1.5 I I v I 13 

~.-rm---~-------------._ ________ .._ ____ ~-----~-~~------.----.--~--.----,-.---.-..-.-~--...-,.~.-.,_..--~-
II I Input Current, CMOS, TTL Inputsl-10 (+/-11 10 I uA I 14 

I Inputs with Pulldown Resistors I 10 l 35 1120 I uA I 15 
I Inputs with Pullup Resistors 1-1001-30 I -8 I uA I 16 

I 
I 
I 

' 

I 
I 

-------------------------------------------------------------------1 
IOS I Output Short Circuit Current 

I 
I 15 I 50 I 1301 mA I 17,21 I 
I -5 1-25 1-1001 mA I 18,21 I 

-------------------------------------------------------------------1 
IOZ I 3-State Output Leakage Current 1-10 l+/-11 10 I uA I 19 I 

---------------------------------------------------~---------------1 
IDD I Quiescent Supply Current (User-Design Dependentl 20 I 

~~~==:=~~====~==~======~~===========================================--=-_._, 



NOTES: 

1. IOH - -1.0 mA 
2. IOH - -2.0 mA 
3. IOH - -4.0 rnA 
4. IOH - -8.0 mA 
5. IOH = -12 mA 
6. Requires one output pad 
7. Requires two output pads 
8. IOL - 1.0 mA 
9. IOL - 2.0 mA 

10. IOL = 4.0 mA 
11. IOL = 8.0 rnA 
12. IOL - 12 mA 
13. VIL to VIH 

VIH to VIL 
14. VIN - VDD or VSS 
15. VIN = VDD 
16. VIN - VSS 
17. VDD - Max, VO= VDD 
18. VDD - Max, VO = ov 
19. VOH = VSS or VDD 
20. VIN = VDD or VSS 
21. Type B4 outpute Output short circuit current for other outputs will 

scale. Not more than one output may be shorted at a time for a 
maximum duration of one seconde 



6. AC CHARACTERISTICS: 
(VCC = 4.75 to 5.25V, TA= 0 to +70oC) 

CMA Capacitive load MA,WE 180 pF(36*5pF) 
CCTL Capacitive load RAS,CAS 85 pF(9*9pF) 
CACK Capacitive load ACK32 100 pF 

=========================================~========~========== 

I SYMBOL I 
I I 

PARAMETER I LIMITS IUNITi 
I Min I Max I I 

------..,_,-------------------------~--------------------------
___________ ._..._~ ______________________ ,_,_ ________________ _ 
I tl 
I 

I From CLK High to 
I CLK Cycle + CLK High 

I 40 
I 

I 
I 

I ns I 
I I 

1--------------------------------------------------------1 
I t2 I From CLK High to CLK Low 115.0 I I ns I 
1--------------------------------------------------------1 
I t3 I From CLK Low to CLK High 115.0 I ns 
-...~-~..-.--~-.---------------------------------~--------,_.-.~,..-----
t4 I From CLK High to RAS Valid I 5. o I 16. 5 I ns 

--~~-----------------------------------..----------- .... -~-----.-.--
tS I From CLK Low to CAS Valid I 5. O I 16. 5 I ns 
-----------.-------~--------~------------------------------
t6 I From CLK High to MA, WE Validl 5.0 I 25.0 I ns 

~--------~-------------------------.--------.-.-----~------------,_,,.__ 
t7 I From Input Setup to CLK High 116.0 I I ns 

--------------...-.-----------._..~------..--._--.---------------~----~~..--

tB I From CLK High to Input Hold I 0 I ns --... -----------~~._ _ __. __ ..,~--------~-------------------------------
t9 I From PA Setup to CLK High 118.0 I I ns 
---------------~---------------~-----~------------~----,_ __ _ 
tlO I From PA Hold to CLK High 0 I ns 

--------------~,-. ___ _. ______________ ._, ____ ._ ___________________ _ 
tll I From CLK High to 

I /SB /ACK32 valid 
I 6. 5 I 23. O I ns 
I I I 

-----~---------------------------------------~----.-.-------~ 
tl2 I From CLK High to I 4. 5 I 16. 5 I ns 

I /SB /ACK32 Invalid I I I 
~==----~=========r==========================:=:====a:z:-===============~=========== 



INPUT SETUP TIMES (measured relative to clock) 
--------------------~-------._.. _____________________________ _ ---------------------------------------------------------
I 
I PIN 

I LIMITS IUNITI 
I Min I Max I I 

-------------------------------------------------------------------~~~------------------------------- ..... ---------
I /SB PA(27:0} 
I /RAMSEL 
I All other inputs (except clock) 

I 
I 
I 

f 18.0 
115.5 
115.0 

I ns I 
I ns I 
I ns I 

------------------------------------------------------------------------------------------------------------------
7. CAPACITANCE: 

=======================================~=~==~====~================= 

I SYMBOL I 
I I 

PARAMETER I LIMITS IONITI 
I Min I Max I I 

=======~=~~=~~~~=~~~~~=~======~~:=::====~===~========~================ 

I CI/O I Input/Output Capacitance per Slot I 2 0 I pF I 
1----------------------------------------------------------------1 
I CLS I Maximum Capacitive Load per System I I 100 I pF I 
=====================================~============================~ 

8. TRUTH TABLE: N/A 

9. FUNCTIONAL TABLE: N/A 

10. OUTLINE DRAWING: N/A 

11. WAVEFORMS: N/A 

DATE: 1/04/89 

AUTHOR: PL 

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


