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1 . Data Sheet 

1.1. Features 

1.1.1. Processor 

• 32-blt VLSI cpu 
• lC t.1Hz o;::>erc~tion with no wait states to main memory 
• i t,~ Bytes (6':'K) or 1/2/3/ 4lv1 Bytes (256K) of mJin memory 
• 11',,1 Bytes (641'\) or 1 12/3/4t,~ Bytes (256K) 'D! ex;::>ansion memory 
• r11:;I:lprocess. demand paging v:rtJz:'! memory manageme~t 
• i Ct·.l bytes virtual address space per process 
• optional DES encry~tion processor 

1.1.2. Display 

• dual-Dorted 128K Bytes video memory 
• 1152 by 900 ;J:yel d:splay resolution 
• 67 Hz non-interlaced VIdeo refreSh 

1.1.3.1/0 

• integral Ethemet interface transfers directly into memory 
• two programmable serial 110 ports with full modem control 
• two additional serial interfaces for keyboard and mouse 

1.1.4. Other Featu res 

• VME System Bus Interface 
• DVMA (dIrect virtu;)l memory access) from VME Bus 
• five programmable lG-bit timers 
• 32K to 128K Bytes EPROM 
• extensive self-cliagnostic capabilities 
• triple·height Eurocard form factor 

CONFlcr:r~TIAL 
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1.2. Introduction 

The Sun·2050 Board is a high·performar.ce implementation of the Sun·2 architecture on a single 
400mm by 366.67mm Eurocard. The board includes the CPU, virtual memory management. optional 
processor enhancements, one to four megabytes of main memor, with parity error detection, a high. 
resolution display subsystem. integral Ethernet and RS·423 interfaces, and a dual·poned interface to 
the Vf\·1E·bus. 

The processor is based on th~ Motorola 68010 32·bit VLSI CPU, extcnded with the Sl!n·2 virtual 
mcmory management un:t (MMU). The processor executes from main memory at 1 0 r..~Hz witnO:Jt wa:t 
states, The Mt ... 1U was soeciflcally optimized to support the demand pag i!",; recOirements a! the the 
4.2 BS:) verSion of the Unix (TM) operating system. It provides multiple. s!mu!!a~eous process 
contey.tS WIt!, up to 10 megabyte virtual memory space each. In addition. the: t"H-.. 1U provides separate 
address spaces for the system and for the user. 

The Sun 2050 board contains 1 M Bytes (64K RAM) to 4t.1 Bytes (25EK RAM) of main memor). With 
the Sun 205i memory expansion board. another 1M Bytes (64K) to 4M 8yt·~s (256K) of main memory 
can be added. 64K and 256K RAMs can be Intermixed between the 2050 board and t!)e 2051 board. 
and over;)!! memory can be expanded in 1M Bytes increments. Memory IS equi~ped with byte panty 
error detection. 

Integral to ~he Sun·2050 Board is a high.resolution bitmap display subsystem featuring a 1152 by 
900 pixel display area and non· interlaced, 67 Hz refreSh. The display is refreshed out of a dedicated. 
dual· ported 128K Bytes video memory, which is logically part of main memory. 

The Sun·2 Single Board workstation includes an integral Ethernet interface. This interface uses a 
VLSI Ethernet controller ·that features high-performance frame handling and extensive dl<lgnostic 
capabilities. Ethernet packets are directly transferred in and out of main memory through the use of 
direct virtual memory access (DVMA). 

For serial 110. two highly programmable serial communication channels are prOVided leaturing 
software. programmllble bauct rates from 75 Baud to 10.2 KBaud and supporting asynchronous, 
synchronous. or bit· stuffing protocols. Two additional ports are provided for keyboard and mouse 
interfaces.' . 

The Sun·2050 Board includes a bidIrectional interface to the VME Sus with master and slave 
c;)pabi!itles. The board provides 24·bit address and 16·M data transfer cap~bl!ities in both 
directions. It also implements system controller functions such as arbitration. interrupt handling. 
reset. al1d power monitoring. 

Other features of the board include an optional DES encryption processor. programmable timers. 
and an identification PROM providing software· readable serial number and Ethernet andress. 

The board also includes extensive facilities for software and hardware di<lgnostics. Among them 
are a bus· error regIster. a diagnostic display lor displaying error messages, a watchdog timer for 
automatic restart. and powerup self·tests. 

Sun Microsys\c>ms Inc COt.JFIDENTIAL 
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1.3. Sun-2 Architecture Overview 

The 2050 Board implements a Sun·2 architecture machine. The com;:J!ete specifi~atio'1 of the 
arcr.112::ure IS cont~lned in the Sun·2 Architecture Manual. The following is a brief overview of the 
arChitecture and Its implementation on the 2050 Board. 

The Sun·2 architecture is divided into three spaces: the CPU space. MMU space. and Device 
space. 

The C?U space comprises the central processing u:1it (the "CP,U") together with coprocessors, 
such as the floating point coprocessor, and DVM" masters. such as the Ethernet interface. 

Th€; r.~t/;:.J s;:J3ce is the core a! the Sun·2 architecture. It includes ~r-:€ S~r'1·2 memory management 
unit (tll(; "t,,:MU") as well as all other Sun·2 architecture extensions to the CPU. s'-lCh as the buS' error 
register. the system enaole register. the diagnostiC register. and the ID·PROM. The ID·PROM 
contains a unique serial number and configur;;t1on data for a particular implementati.or. of the 
architectu re. 

The Device space of the Sun·2 architecture defines what devices exist in the architecture ~nd how 
they arE';' accessed. These devices include main memory. the system bus. and 1/0 devices. 

All CPU accesses to device space pass through the MMU and thus are translated and protected in 
an identlcol fashion. In addition, direct memory accesses by 1/0 devices also pass through the 
memory memory management and thus operate in a fully protected environment. 

Sun tdlcrosvs\cms Inc COt.,1F!DE: HI";:'" 
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1.4.2050 Board Block Diagram 

Figure i·1 illustrates how the CPU, Mlv1U. and devices are interconnected on the 205D Boare::. 

CPU Sun·2 

580,0 \!~"·tI:l1 Ae~r,?~~ MMU PhV~I"';'lf f\f4A,;,...c..~. 

10 MH~ l 'I J J J ,. 

Ethernet [;] VME Ma:,n Video 

'!"ItE:rtace Slave Master Me,...c'y 'Y~e"'T'\crv 

1 
' , 

], J '1 T 
D.)I:1 Ul!<' ' . ! ,I, • 

'-- ID PROM - Ooot PROM 

~ System En;)ble Reg.ster :--- T.mer 

~ D.a9nc~t.c RE>g.ster - 5e flal L.ne Inter!;)ce 

r-- Su!. Err"r Reg.ster ,.-- Keyboarc/MoUSf; 

f-- Encryption Procesor 

Figu re 1· 1: Sun 2050 Boa rd A rchitectu re 

The CPU sends out a virtual address that is translated by the MMU into a physical address. The 
CPU. Etnernet Interface. and VME Slave Interface arbitrate for and share the virtU.:l1 address bus on 
the left side of the Mt .. 1U. The VME Master Interface. Main Memory. Video Memory, and 1/0 Devices 
are add,essed with ptlyslCo.l addresses on the right side of the Mt·.l.U. 

Sur: tAicrosYS!2ms Inc CONi-IDENTIAL 12 OctoLJer 198.! 
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1.5. Sun-2 MMU Overview 

The Sun·2 Memory Management Unit provides address translatIon. protection. sharing. and 
memOI y allocation for multiple processes executmg on the CPU. 

The memory management consists of a context register. a segment map. and a page map. Virtual 
adCre~.ses from the processor are translated into intermedIate addresses by the segment map and 
then Into pllyslca! addresses by the pz.ge map. 

ThE- memory management uses a page size of 2K Bytes and- a segment size of 32K Bytes (gl\'ing 16 
pages per segment). Up to 8 contexts can be rT'.apped concurrently. The m<lximum virtual address 
SpcC€ for each ccmext IS 16M Sytes. 

Figure 1·2 shows how virtual addresses are translated into physical ones. 

Context 

Register c:B (9) (4) 

usrll I SySII I segment II page II 

Segment Map 

Sun MicrQsystems Inc 

v P Type S Reser .. ed PhysIcal Address 

v :: Valid Sil 

P :: Protection (rwxrw~l 

S :: StatisticS (;)CC I moe) 

Type:: 0: Main Memory 

Type:: 1 : Input/Output 

Type:: 2: VME 0-8 Me 

Type:: 3; VME 8· '6 MB 

Figu re , -2: Sun-2 Memory Management 

CONFIDE. NTIAL 
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1.6.2050 Board FloorPlan 

Figure 1·3 gives an overview of layout of the 2050 Board. which is the main CPU board. 

Keyboard/ 

Mouse I/O Devices CPU + MMU P-1 Bus 

+ Ethernet Bus interface VME Bus 

Serial A 

Clocks P-2 Bus 

SerialS Main Memory 
Memory Bus 

Video Memory 1 MByte (64K) 

Ethernet (128 KB) 4 M8 (256 K) 
P-3 Bus 

Power Bus 
Video 

Figure 1-3: Sun 2050 Board Floor Plan 

The connectors on the bacKplane of the board are called the Pl. P2, and P3 connectors. The Pl 
Co~nector carnes the vr.l.E Bus. also referred to as the P.l·Bus. The P2 Connector serves for the 
memory expansion bus. or the P2·Bus. The P3 Connector powers the board. 

The connector on the inputlo'utput sTde ot the'board rire:-i'n sequence from top to bottom' [J605] 

Keyboard/Mouse Connector, [J603) Serial Port A. (J604] Seriat-Port 8. [J7001 Ethernet Port, and 
[J 1800} Video Connector. 
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1.7. 2051 Boa rd Floo rPlan 

Figure!·4 gives 8n overview of layou! of the 2051 Board. which IS the memory expansion bo<:rd. 

Input! 

Output 

-
... 

Input/Output 

Expansion 

Main Memory 

, MByte (64K) 

4 M8 (256 K) 

r-

-
-

P-' Bus 

VME Bus 

P-2 Bus 

Memory Bus 

P-3 Bus 

Power Bus 

Figure '-4: Sun 2051 Board Floor Plan 

7 

The connectors on the backplane of the board are called the P1, P2. and P3 connectors. The P1 
Connector carnes the VME Bus. also referred to as the P1 -Bus. The P2 Connector serves for the 
'memory expansion bus. or the P2·Bus. The P3 Connector powers the board, 

The plggy·back connectors on the board provide for expansion witrl one in;utloutput boare. i.e., a 
flommg point processor board. The connector at the lower left of the board provides an interface 
from the mput/output board to the outsIde. 

Slin Uicrosvstems Inc 
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1.8. Specification Summa ry 

1.8.1.CPU 

• MS8010 CPU. 10 MHz 

1.8.2. Memory 

• 1 M Bytes (64K) or j 12/3/4M Sytes (256K) of main memory 
• 1M Bytes (~K) or 1/2/3/4M Bytes (256K) of expanSion memory 
• htgh·s;::eed. r.:;,·wait state operation 
• transparent harcware memory refresh 
• byte parity error detection 

1.8.3. Memory Management Unit 

• Sun·2 memory management unit 
• two· level. mul~lprocess virtual memory management 
• tull support fo~ demand paging 
• 16tJ. Sytes virtual address space per process 
• separate address spaces for supervisor and user 
• valid. accessed., and modifie~ ta~s ~o assist paging algorithms 
• separate reac. write. and execute tags for user and supervisor accesses 

1.8.4. Display Subsystem 

• dedicated dual· ported video memory 
• 1152 by 900 display format 
• '00 MHz video clock· 

, .- 67 Hz non· interlaced video refresh' 

1.8.5. Ethernet Interface 

• VLSI Ethernet controller (82586) 
• digital phase decoder 
• packets transferred directly in and out 01 main memory 
• extensIve diagnostic capabilities 

1 .8.6. Se rial 110 Po rts 

• two programmable serial 110 ports 
• based on synchronous communication controller (8530) 
• software programmable baud rates (75 baud to 19.2 kilobaud) 
• asynchronous. synchronous. and bit·stufflng protocols 
• two serial ports tor keyboard and mouse 



Sun-2 Model SO Data Sheet 9 

1.8.7. Other Features 

• V~."E System bus interface 
• OVfv1A (direct virtual memory access) from VME Bus 
• optional DES encryption processor (AMD 9518) 
• up to 12SK Bytes EPROM (27128,27256.27512) 
• ilve programmaole 1S-bit timers (AMD 9513) 
• software interrllpt capability 
• software readable identification PROM (storing seiial number anc other information) 

1.8.8. Diagnostic Featu res 

• diagnostic LED display 
• bus error register 
• watchdog reset timer 
• bus timeout timer 

1.9. VME-bus Specification 

1.9.1. Master Capabilities 

• Data Bus Size: D16 MASTER 16-bitl8-bIt data 
• Address Bus Size: A24 MASTER 24-bitll 6-bit addresses 
• Timeout Option: TOUT(100 USEC) 100 microsecond timeout period 
• Sequential Access: None 
• Interrupt Handler: IH(1 -7) ST AT Levell through 7, jumperable 
• Requestor Option: ROR R(3) Release on Request. level 3 

1.9.~. ~Iave. Capabilities 

• Data Bus Size: D16 SLAVE 16-bitlS·bit data 
• Address Bus Size: A24 SLAVE 24-bit-only addresses 
• Sequential Access: None 
• Interrupter Options: None 

1 .9.3. System Cont rolie r Capa b iJities 

• Clock Option: SYSCLK 16 MHz, jumperable 
• Arbiter Option: ONE Bus Request Level 3 Only 
• Note: The 2050 Board must be the System Controller in a VME System_ 

, 2 Oc:o~:-::r , ~S.! 
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1.9.4. Po.wer Monitor Capabilities 

• hCFAIL Option: ACFAIL asserted when vee < 4.5V 
• SVSRESET Option: SYSRESET asserted during CPU Reset 
• SYSFAIL Option: SYSFAIL not used 

1.9.5. Environmental C.haracteristics 

• Operat:n; Tem::>erature: 10·55 e 
• Humidit)': 0·9070. non·condensing 

1.9.6. Power Characteristics 

• 12 Amp max at .;. 5 Volt +. 5% 
.0.5 hm;J max at .;. 12 Volt +·5% 
.0.5 Amp max at ·12 Volt +·5% 

1 :9.7. Physical Characteristics 

• Height: 366.67 mm (14.44") 
• Width: 400.00 mm (15.75") 
• Depth: 40.64 mm (1.6") 
• Weight: 1788 9 (64 oz) 

10 
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2. User Guide 

2.1. Programming 

The 2050 Boare implements the Sun·2 Architecture, Machine Type 2. Tile full architecture is 
documented in the Sun·2 Architecture Ma:;ual and no attempt is made to repeat this tnformation here. 
HO ... .'8v~r. this section does describe the features specific to this implementation of the architec~:.:re. 

2.2. MMU Implementation 

ThE- r.1t.1U of thrs machrne type implements a page number field 0: , 2 tl!~s. !t thus su;;o:-ts a 
phy~ic.al address of 23 bits, cap~tJl.i of addresSing 8t,,1 Bytes. The other phy~ical address bits .In the 

page- map are not implemented. When read, those bits not implemented remain undefined. 

2.3. PhYSical Address Assignments 

Type 

o 

1 

2 

3 

Address 

23-bH 

(O",OO('~GOJ 

23-b it 

[O",OOOCOOJ 
(0",C2000CJ 

[O",7FOOOO] 
(Ox H0800] 
(Odf 1000] 
[OdriSOOJ 
(C1.7f20CO] 
[Ox7F2800] 
(G1.7F~OO(iJ 
[Oxif380C} 

23-bit 

[oxoeooooJ 

23-b It 

[OxOOOOOO] 
[Ox7FOOOO] 

Device 

~'er.lory Bus 

Physical Memory 1 .. 8M Bytes 

110 Bus 

BW-V1(ll!o Memory 
V1deo Control Register 

EPROM 
Ethernet Interface 
Encryption Processor 
Keyboard/Mouse Interface 
Serial Port 
Timer 
Reserved 
Reservec 

PI-B~s or System Bus 

WaH States 

o 

1 (Write). 4 .. 8 (Reaa) 
2 

2 
2 
2 .. 6 
2 
2 
2 
2 
2 

o .. a~ Bytes VME 24-bit adoress 1 + device access time 

Pl-Sus or System Bus 

a .. 16M Bytes VME 24-bit acoress 1 + device access time 
64K Bytes VME 16-bit address 1 + device access time 

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

Sun f,,1icrosystems tnc 

. . 
Accesses to the VME Bus incur an additional 2 wait states 
access time if the 2050 boaro is not currently bus master. 

CONFIDENTIAL 
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2.4. InteJrupt Assignments 

The following table S:Jmmarizes the interrupt leve! assignments for the devices tnat have beer. 
described in thIs manual. All these Interrupts are autovectored. 

7 TIMERl 
6 Serli!' Port 
5 TI~E;;2 .. 5 
4 VIDEO 
3 Ethernet cr system enaole re91ster EN.INT3 
2 Syste~ enable register EN.INT2 
1 Sys~er enaole re;ister EN.INT! 

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

In addition. the VME-bus can cause vectored interrupts on ali levels. Individual VME·bus irlterru;:;t 
levels can be disabled with jumpers. 

2.5. Performance Data 

2.5.1. CPU Speed 

CPU clock cycle: 
CFU bas1c cycle: 

101.72 nsec (9.8304 MHz) 
406.90 nsec 

2.5.2. Video Memory Access Time 

Read accesses are unbuffered and will cause 4 to 8 wait states. Write accesses to the video 
memory are buffered. However, subsequent read or write accesses will have 10 wait until the video 
rT'emory has completed the requested operation. Write accesses to the video memory via the c::JPY 
mode ',.vill cause the same behavIor as dIrect write accesses. 

2.5.3. P1-Bus Access Times 

This section describes the access times of the P1 ·Bus. The time to complete a P'-Bus access 
conSlst~ of three elements: overhead. the cost of Pl·Bus acquisitIon if the 2050 Soard :s no~ currently 
P1 -Bus master, and the actual acces·s time of the Pl-Bus device. 

The total number of walt states for a Pl-SuS access can be computed by the following formula: 

1 WS (overhead) + 2 WS (bus acquisition time if board does not have bus mastership and bus is 
idle) + access time of P1 ·Bus device divided by the clock period of the CPU rounded up to the 
nearest mteger number. 
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2.5.4. DVMA Access Time 

DVt.1A cycles from the P1 ·Bus are serviced <lfter the current CPU cycle completes and after 
pend!'"lg memory refresh cycles are executed. Thus DVMA cycles exhibit a variable access time that 
ranges from 0.7 microseconds in the best case to '.5 microseconds worst case with an averolge of 
abou! 1.0 microseconds. 

Aller a DVMA cycle has executed. a CPU cycle will start before another DVMA cycle is grolntec:!. 
This means that the cycle time for DVMt.. is one DVMA cycle plus at least one CPU cycle. Thus the 
DVt,~A cycle time WIll be in the range of 1.1 to 1.9 microseconds WIth an average of i.4 microseconds . • 
as long ~s the D\,I.l.l. molster can generate transfers at this rate. 

2.5.5. P1·Bus Reset 

The 2050 Board can be configured either as a P1·Bus Reset Master or Slave. 

As a Pl·Bus Reset Master, the 2050 Board issues Reset to the VME Bus. Power· On Reset. 
w.:ncl1c1og Reset. llnd 68010 Reset will all assert P1 ·Bus Reset. Other P1 ·Bus devIces may also assert 
Pi ·Bus Reset. but tllis will have no effect on the on·board CPU and devices. 

As a P1 ·Bus Reset Slave. the 2050 Board receives Reset from the VME Bus. but does not drive 
Reset to the VME Bus. The VME Bus Reset ha~ the same effect as an on·board power-on·reset. 
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2.6. Connectors 

ThiS section documents the pinout of all tne connectors Lisee on the Sun 2050 board. 

2.6.1. J603: Serial Port A 

I PIN I SlGNAl I PIN I SIGNAL 

1 14 
2 TXOA[] 15 
3 RXOA[] 16 
4 lii5A[] 17 
5 CTSA() 18 
6 OSJ;A[] 19 
7 GN:l 20 
8 OCDA[] 21 
9 22 

10 23 
11 24 
12 25 
13 

2.6.2. J604: Serial Port B 

DBA[J 

01:>A[] 

OTRA[] 

OAA[) 
VEE 

I PIN I SIGNAL I PIN I SIGNAL I 

1 
2 TXOB[] 
3 RX06[) 
4 RTSS[] 
5 eTSB(J 
6 OSRB(] 
7 GtlO 
B oeos(] 
9 

10 
11 
12 
13 

I 14 
I 15 
I 16 
I 17 
I 18 
1 19 
I 20 
I 21 

.\ 22 
I 23 
1 24 
I 25 
I 

DBS[] 

DOS[] 

DTR6[) 

OAB[J 
VEE 

2.6.3. J605: Keyboard/Mouse 

---------.-------~---------------I PIN I SIGNAL I PIN \ SIGNAL I 

1 RXOO[J 9 GNO 
2 GNO 10 vee 
3 TXOO(] 11 vee 
4 GNO 12 vee 
5 RX01[] 13 
6 GNO 14 vee 
7 HOl(] 15 vee 
B GNO 

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

14 
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2.6.4. J100: Ethe rnet 

I PIN I SIGNAL 1 PIN I SIGNAL I 

1 
2 
3 
4 
!) 

6 
7 
8 

E. eOL+ 
E. TXO+ 

E . RXO+ 
GNO 
vee 

I 
I 
I 
I 
I 
I 
1 

.1 

9 E.eOl-
10 E. TXO-
11-
12 E.RXO-
13 .. 12V 
1t 
15 ~ 

I 

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

2.6.5. J1800: Video 

I PIN I SIGI~Al I PIN I SIGNAL I 

I 1 VIDEO" 
I 2 I 
I 3 I HSYNC 
I 4 I VS YIlC 

I !) I ----

1 6 I VIOEO-
I 7 I Gt;O 
1 8 I GNO 
I 9 I GfW 
I - I ----

"""""",J1-11"""'\_,,,_\ III 

15 



Sun·2 Model 50 User Guide 16 

2.7. Jumpers 

ThiS section describes all the jumpers used on the board. In the following listing. ea.ch group of 
jumpers denotes exclusive combinations. That means. within each group only one jumper 
combination may be active at a time. 

2.7.1. Configuration Jumpers 

These jumpers allow configuration of the 2050 Board for specific applications. Default Jumpers are 
marked with an asterisk ("). 

I LABEL I PINS I DESCRIPTION IN/OUT 

,"Ji02 I 1-2 I Enable/Disable 5 Volt to Ethernet 

,"J704 I 1-2 I Level 2ILevel 1 Ethernet Transceiver 
---------------------------------------------------------
,"JEOO 
I"J80e 

'" JaOe 
I' J80 0 
I"JeCa 
,"JBOO 
I"J8DO 

I"J900 
I" J900 
I" J900 
I" Jee 0 

1-2 
3-4 
5-6 
7-8 
9-10 
11-12 
13-14 

1-2 
3-4 
5-6 
7-8 

Enable/Disable VI·lE Interrupt level 
Enable/Disable VME Interrupt level 
Enabie/Oisaole VI·lE Interrupt level 
Enat le/DlSacle VI~E Interrupt Leve1 
Enable/Dlsa!>le v/·![ Interrupt Lel/el 
Enable/Dlsable VM[ Interrupt level 
Enable/;)1sable VME Interrupt Level 

DVMA AddreSS Comparator A20 aO/l 
-DVMA Address Comparator A21=0/1 
DVMA Address Comparator A22:0/1 
OVMA Address Comparator A23-0/1 

IOJ900 I 9-10 I Enable/Olsabl e VME Arbi t.er 

,aJ900 
I J900 

I 11-12 , Enable/Disable VME Reset. Mast.er 
I 13-1' I Enable/01Sable VME Reset Slave 

I-J900 I l5-1~ I Enable/Disable VME System Clock 

,"'Jl!iOO 1-2 Vlcleo Reglster Sense 8it 0 
,"'JiIiOO 3-4 Vldeo Reg 15 ter Sense Bit 1 
,. J] 1i00 5-6 Vldec Reg 1$ ter SeilS!; Blt 2 
laJ1600 7-8 Videc Reg1Ster Sense Bit :; 

1 
2 
3 
4 

5 
6 
7 

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



Sun·2 Model 50 User Guide 17 

2.7.2. Permanent Jumpers, 2050 Board 

The following jumpers are factory installed and are normally not modified. Those installed normally 
are indicated with an asterisk (-). 

, LABEL I PINS I DESCRlFTlON IN/OUT 

I-J200 I 1-2 

!"J200 
I J200 
I J20:: 
I J200 

3-4 
5-6 
7-8 
9-10 

, Enatle/D1sable UART Clock 

10/12 ~~HZ CPU operat iOJl 
12/10 MHZ CPU operation 
Reservec! 
Reservec! 

I-J200 ,11-12 I &nable/Oisable Ethernet Clock 

,-J20G ,13-14, Ena~le/Disable Memory Refresh 

,-J200 ,15-16 I [na~le/Disable Timeouts 

, J500 1-2 PI\OM TYPE • 27128 
,"J5CO 3-': PROM TYPE : 27256 or 27512 
,"J500 5-6 PROM TYPE " 2712B or 27128 , J500 7-8 PROM TYPE " 27512 
-------------------.-------------------------------------, J1201 , .lI2CI 
,"J1201 
I J1201 
,"J1201 

., -J1201 
,-J1201 
I J1201 

I JICOO 
I J1600 
I-JlIiOO 
I J1600 

1-2 , Enable/Disable 2nc! megabyte (256K 
3-4 , Enable/Disable 
5-6 I 64K/256K RAMs 
7-8 I 251iK/64K RAMs 
9-10 , 64K/256K RAMs 
1'1-12 I 256K164K RAMs 
13-14 I 64K/256K RAMs 
15-16 I 256K/64K RAMs 

9-10 Reserved 
11-12 Reserved 

3/4 megabyte 

13-14 10/12 MHZ CPU operation 
15-~(j 12110 .I~HZ CPU operation-

(256k 

I"JIBOl I 1-2 I Enable/Disable 100 MIIZ Video Clock 

RAM) , 
RAM) , 

I 
I , , , 
I 

The jumper positions for different PROM sizes are summarized in the table below. 

I PROM I JUMPER I JUMPERED PINS I 

I 27128 I J600 
I 27256 I J600 
I 27512 I J600 

I 1-2 and 5-6 
I 3-4 and 5-6 
I 3-4 and 7-8 

I 
L 
I 
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2.7.3. Permanent Jumpers, 2051 Board 

On the memory expansion board, there are jumpers for different memory sizes. The jumpers are 
factory Installed and are normally not modified. For a 1 megabyte base board. the jumpers for the 
memory expansion boar¢ are as follows, organized by memory size on memory expansion board: 

-----------------------------------------
i SIZE I JUMFERI JUMPEREO F-INS 
-----------------------------------------

MB J2ZCC 3-4 I 
MS J2201 5-6. 9-10. 13-14 I 

2 MB J22CC 3-4. 5-6 , 
2 MS J22C:' 3-4. 1-8. 11-12 , 
.j ME J2200 3-4. 5-6. 1-6 I 
3 MB J22Cl 7-8. 11-12. 15-16 I 
4 MB J220i) 3-4. 5-6. 7-8. 9-10 r" , MS J22C! 7-8. 11-12. 15-16 I 

-----------------------------------------
In addition. the 2051 Board has a jumper block tor the daisy chained W.t1E·bus grant lines and the 

VME·bus interrupt acknowledge chain. These jumpers are installed in systems that need to daisy· 
chain those VME·bus signals. 

! JU~PERI PINS I FUNCTION 

J2100 1-2 
J21GO 3-4 
J2100 5-6 
':2100 7-6 
.. 2100 15-16 

BUS GRANT 0 
sus GRAIn 1 
BUS GRANT 2 
SUS GRANT 3 
If\CK CHAIN 
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3. The9ry of Operations 

This chapter describes tl:le theory of operations of the 2050 Board and the conventions that are 
used in the schematIcs. 

3.1 . Conventions 

This sectIon describes the conventions employed in the schematics and the documentation of this 
board. The discussion assumes that the reader has a working knowledge of digItal electronics and 
has access to descriptions of the components used on the board. 

3.1.1. Schematics 

The schematics is contained in the file with extension" .PRE". The suffix of the schematics file 
names reflects the drawing page number. 

3.1.2. Signal Conventions 

Whenever possible, standard drawing conventions are employed. Signal flow is shown from left to 
right. and top to bottom. 

Both active·high and active· low signals are used. A signal name that is followed by a minus (". ") 
indicates that the sIgnal is asserted active low «0.4V), e.g. OE·. Conversely, a signal that is not 
followed by a minus is an active high signal (>2.0V). 

For signals with multiple meanings or synonyms, the synonyms are listed separated by a slash" /". 
For example, the SIgnal name for a read·write signal that is active low for write is "READ/WRITE·". 

Signals that are part of busses are indicated by a common prefix followed by a number. For 
example. a 16 bit data bus might be labelled "DO". "01". "02". and so on to "015". A group of 
sign~ls that are part of a signal vector are denoted by a common prefix separated by the suffIX with 
".". For example. all Pl signals start with the prefix "P1 .... 

Connector signals are distinguished by a suffix of "n" with an option~1 string enclosed inside the 
square brackets Identifying the connector name. 
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3.1.3. Gomponent Conventions 

Components are identified by component name (e.g. 74LS00), component location (e.g. Ul00), and 
properties if required (e.g. lOO-OHM). 

Component names (also referred to as Body Name in the wlrelist) Indicate the type of component 
betng used. The component nar:'e is' derived from the "generic" or industry standard name. 
Component names are transl<lted into Diptypes that specify the physiC<l1 component associated wIth 
the component name. There is only one diptype for compcnents that are sections of the same 
physIcal package (e.g. four 74LSOO gates form one 74LSCO diptype). Diptypes ire translated by the 
par!s list into manufacturer codes and part names. 

Component locations provide a unique designator for the component. They are chosen to indicate 
the schematics page on whch the component is located. For example, component UiOO is most likely 
positioned on page 1. Component locations consist of one letter followed by one to four digits. The 
letter indicates the type of component and is one of: 

letter Component Type 

C Standard CapaCltor 
o O,cce 
K Electrolytic Capacitor 
l InOuc,ance 
X Oeco~pling Capacitor 
J Jumper or Connector 
II Resistor 
S s,ng)e-in-line component 
U oual-1n-l,ne component 

Location"labels are cross· Indexed in the wirelist into diptype and component names and locations 
on the schematics. 

Component PropErties help to funher specify a generic component. Three ty;:>es of properties are 
used: 

Property ""eaning Eknmple Interpretation 

: lO-UF This capac; ~or has a value of 10 UF 
Rp.ference =A5CD This part is referred a~ part A5DC 

+S:O AC~ a 40-t1n socket La this component 

---------------------------~-------------------------- .----------------------

3.1.4. State Diagrams 

State Diagrams are drawn to the following conventions: 

,. Left to right with incrementing state numbers along the horizontal axis. 

2. Slgn;)l tronsitions represent the actuGI logic levels of tile n<lmed signal. 

3. Sign<lls are represented without propagatton delays. 
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3.2. Major Blocks 

The major logic blocks are: 

• Power 
• Initialio:ation 
• Clocks 

• CPU 
• IO·Bus Interface 
.MMU 
• I/O Devices 
• P2·Bus Interface 
• Memory 
• Video Subsystem 
• Ethernet Interface 

3.3. Power 

Reference: Schematics Page 19 

Theory of Operations 

The 20S0 Board uses + SV for all of its onboard logic. It also requires a + 12V for the Ethernet 
transceiver and a ·5V for the RS423 drivers and the Video ECl circuitry. The ·SV is generated from 
the ·12V supply by on·board regulator [LM337:U137]. Signal (oSVR] connects to the UART connectors 
pin 25 to terminate that line. 

3.4. Initialization 

Reference: .Schematics Page 19 

The 2050 Board includes a power·on/power·off reset generator that provides an accurate reset 
pulse. The circuit uses a dual comparator [lM393:U133]. a 1.2 Volt reference voltage [LM355.0101]. 

charge capacitor [K:K100). and resistor network [R:R100 .. R107J. 

The first comparator forms a power·on" reset generator by comparing the voltage from the charge 
capacitor with the reference. This comparator asserts its output unlil the voltage across the charge 
capacitor corresponds to a VCC of 4.5 Volt. The second comparator forms a power·off reset 
generator b)' comparing the + 5V supply with the reference. This comparator asserts its output when 
the + 5V supply voltage is below 4.5 Volt without the charge delay incurred by the first comparator. 
The output of both comparators is wire ORed so that signal power·on·reset (POR) is active when 
either comparator asserts its output. 

Sun Microsystems Inc CONFIDENTIAL 12 October ,g84 
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3.5. Clock Oscillators 

Reference: Schematics Page 2" 

The 2050 Soard has 4 independent clock oscillators on board. They. are: 

• 10·MHz CPU clock and constant clock (19.6608 MHz) IK1 "4A:U200]. 

• 12·MHz CPU clock (24.0000 MHz) [Kl1 14A:U201). 

• E:hernet clock and VME system cloc~ (16.0000 MH:) (K 11' 4A :U202]. 

• Video clock (100.0000 MHz) [K1"4A:UlaOO]. 

• .... .... ....;, ........ - c:.'.. t PL • - "'. f .. f/ ..."+ r"'OI "-' - ;:.-.,..... .... ... f ~ - " ..... : .:i Cl~_ . .lv". the _.ne ne. L [~.B;)0~.U701J ea .... res I.S own _. iSLC. O:>C ... c;;.t..,. "hh c:. .rt:qu:;nc: V' 

100 MH=.. All clock oscillators have disconnect jumper for ATE test purposes. The 12·M:-!z CPU 
Clock is installed only if the board is configured for that frequency. 

3.6. De rived Clocks 

The system clock is the particular CPU clock for which the board is configured divided by two in 
flij::flo:J [i.1Fi~:U203:0J. Counter [74LS590:UZl1] divides the system clock into cloc~:s for the c<lta 
clphenn~ processor, the timeout counter. and the refresh clock. Counter [74LS393;U212·1] divides 
the constant clock {C.S1A.l Into clock [C.204) for the UART and the Timer. 

The clock strobes (C.s4. C.SS, ETC] are derived from transitions on the system clock and enabled 
with processor address strobe {P.AS] as illustrated in the figure below for a 12·state cycle. 

68010 State o . 1 2 3 4 5 6 7 8 9 10 11 1.2 

C.100 ---- ---- ------ --
P.AS- -------------------------------
C.S4 -------------------------------------
t.SS ----------------------------------_. 
F .crACK- ----------------------------_______ --------

."'In ..... -.~_- ... ..orr:. ... 
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3.7. CPU 

Reierence: Schematics Page' 

3.7.1. Reset 

CPU Reset is generated by PAL [P16R4:Ul09] under three conditions: 

• Power·On·Reset: The power·on·reset generator asserts [po;:!] that causes PAL 
[P' 6R4:U 1 09] to assert processor reset. 

• E>'ie,'na l Rese:: If the .205(0 Board is configured as a rese~ slave. then VME System Reset 
IP1 .SYSR) asserts RESIN that causes PAL [P1 6R4:Ul09] to assert processor reset 

• Watchdog Reset: If the CPU halts it asserts [P.HALT]. In this case. PAL [P16R4:U109} 

automatically generates processor reset to continue processing. 

3.7.2. Special Cycles 

23 

In the discussion below. reference will be made to special cycles. A special cycle is one in which 
tne 68010 function code is neither program or data. Special cycles Include CPU S;Jace cycles (Fe = 7) 
and MMU space cycles (FC = 3). Supervisor program fetches in Boot state. which are forced to read 
from the Boot PROM. are also treated as special cycles. 

Special cycles are recogniz.ed in PAL [P16L8:Ul01] and cause signal [O.SPECIAL] to be asserted. 
[O.SPECIAL} inhibits the assertion of [O.CAS] in flipflop [74F74:U204]. inhibits the assertion of [P.BERR] 

in PAL [P'6~8:U'03]. and selects signal [SPWAIT] as source for DTACK in selector [74F1S1:U118]. 

Thus during special cycles no bus errors can occur. and the source for the [DTACK] is [SPWAIT]. 

3.7.3. DTACK 

The CPU uses a number of handshake signals to generate the timing required by the devices it is 
accessing, The following table gives the source of the DTACK for the different page types and special 
cycles. 

------~------------------------------------------------
Condition Device CTACK 

TYPE"O Main Memory CS4 • (READ + ~F2.WAIT) 
TVPE"l ViOeo Memory CS7 • ~P2. WAIT 
TYPE"l 1/0 CS7 • ~P2. WAIT 
TYPE-2 VME Plo DTACK 
TYPE-3 VME Plo DTACK 
FC·£, " BOOT EPROM CS7 
FC·3 MMU Access CS7 
FC-7 ,,~A19 Breakpoint Internal 
FC-7 " LOCAL Autovector Internal 
FC"7 I\~LOCAL VMf Interrupt Plo DTACK 

The handshaking is implemented with selector [74F1S;:U116} in conjunction with PAL 
[A 1 01 : P16L8:Ul0 1] and PAL [A 1 06: P16L8:U106]. 
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3.7.4. BERR 

Bus error can occur under the following conditions: 

• Invalid Page Entry 
• Protection Error 
• Parity Error Lower Byte 
• Parity Error Upper Byte 
• \fME Bus Error 
• Timeout 

These error cond:tIOns. together with signal [a.SPECIAL) are ORed in gate [7 4 t.LS30:U130j asserting 
[a.ERROR}. Vv'henever [a.ERROR] is active it disables all read-write strobes by disabling strobe decoder 
[74F138:U4001 and 1/0 decoder [LS2521 :U403]. 

If [O.ERROR] occu;s in a non·special 68010 cycle. three things ha;:lpen. First. PAL 
[A 1 03: P 16L8:U 1 03J asserts [a.BERR) after state [C.55}. thereby aborting the current cycle. Second. 
the PAL generates [O.BERRCLKJ which latches the error condition into the bus error register 
[ALS534.US11]. Third. tile PAL cleares the parity error flipflops [74F74:U42-=J with signal [a.PARC:"'R] in 
case they were set. 

3.7.5. Address Error Cycles 

During address error cycles. the 68010 asserts address strobe but no data strobes. The effect of 
this is that a normal cycle is executed; however. since no data strobes are active no read or write 
strobes are asserted via decoder [74F13a:U400J. Toe. statistic bits in the Mtv~U are updated on address 
error cycles. 

3.7.6.68010 Cycle to Memory 

68010 cycles to memory execute normally without wait states by asserting DT ACK at state 4; . The 
only exception to this is write cycles to memory that are shadowed to tile video memory (in video copy 
mode). In that case. signal [P2.WAIT] will delay subsequent write cycles until it is deasserted. 
indicating that the vIdeo memory is ready to accept additional write requests: 

68010 State 0 2 3 41 5 6 7 0 

C.leo ------
P.AS- --------

P.DS- (READ) --------
P.DS- (WRITE) ----------------
P.DTACK- ----------------



Sun·2 Model 50 Theory of Operations 25 

3.7 .7. 680 1 0 VJ r i tee y C let 0 Vi d eo Me m 0 r y, Be s tea se 

680~ 0 \vrite cycles to video memory generate DT ACK at state 5, causing 1 wait state. Cycles will be 
longer if a previous video memory cycle has not compieted yet. 

6E:l:O State o 1 2 : 4 5 6 7 8 9 10 11 12 

C.l00 

P.P.S- ------------------------------- ----
-----------------------------------

P. !)S- (WRITE) ----------------------------------------
P.DTACK- ------------------------------------------

3.7.8.68010 Cycle to I/O 

68010 Cycies to I/O generate OT ACK at state 9. causing 2 walt states. Cycles to the data ciphering 
processor use special timing described in the data Ciphering chij) section. 

68:10 State C 1 2 3 4 5 6 7 8 9 10 11 12 

C.l00 

.P.AS- -------- ----------------------
RO/WR .10- -------------------------------------
P.OTACK- ------------------------------------ -----------
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3.8. DVMA Logic 

Reference: Schematics Page 2. Motorola 68010 Data Sheet. 

3.8.1. Overview 

The DVMA Controller takes requests from DVMA devices. obtains the ;>rocessor bus from the 
680i O. anc performs a read/write cycle for the device. gener::ltl:1g apprOj:mate function codes and 
strobes. 

• Refresh 
• Ethernet 
• VME-bus 

Figure 3-1 shQ\'I.'s how the DVMA Controller and Strobe Generator interface to the 68010. 

68010 CPU 

8R BG 

1 
Refresh , Refresh 

DVMA 
, 

Requesf' Enable 
Controller 

Ethernet Ethernet 
Request Enable 

External External 
Request Enable 

DTACK 
DVMA 

, Function Codes 

Address Strobe 
Srobe Generator 

Data Strobes Timeout , 

--

Figu re 3-1: DVM A Cont rolle r 
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3.8.2. DVMA Cycles 

DVMA requests are posted in the request flipfloPS [74F74:U20i·O. U207·1. U203·1] w~th the risir1G 
edge of the signals [R.REF. E.AS. X.DMAJ. respectively. The request flipflops are reset by signals 
[R.DMAEN. E.CLR, X.DMAENJ respectively. 

Posted DVMA requests are synchroniz.ed with register [74F374:U213] before entering the DVMA 
controller PAL [P16R8:U214]. The DVMA controller PAL prioritizes the incoming requests, issues a 
bus request to the €8010 [5.SR]. then waits for the 680i 0 to release the processor bus by watching 
68010 bus grant [P .BG] Clnd the end of 68010 address strobe [P.A 5]. before asserting the DVM A enable 
correS;Jonding te the reoue~t. 

In addition. the DVMA controller PAL generates a DMA·cycle signa! [S.DMA] tllat enables the trio 
state buffers in the DVMI;-. strobe PAL [P16L8:U2151 to drive the" function codes [P.FCO .. 2]. address 
strobe [P.AS). and data strobes [P.UDS, P.LDS) and Ethernet read/write strobes [E.WE. E.OE). Function 
Coo~s" d:lta strobes. and device codes are asserted as follows: 

OVMA 

REFRESH 
ETHERNET 
EXTERtJAl 

OMA 

3 
2 
1 

LOS UOS FC 

007 
1 ~E.AO 5 
X.LOS X.UOS 5 

Space 

CPU Space 
. System Data 

System Data 

Address strobe [P.ASJ is asserted one state after [S.DMA]. being ellabled by signal [S.ASONJ that is 
one clock cycle delayed trom [S.DMA). Address strobe is terminated with [S.A50FF] from the DVMA 
controller PAL. [S.ASOFF] is asserted on refresh cycles when [S.ASIN] is received, and for all other 
cases when 'signal [O.S7) was ~eceive.d ... i~dlc~~ing normal completion, or signal [5.ERR) indicating 
timeout. Since [0.57] is derived from the bus handsl1ake signal [P.DTACK] the DVtv1A controller is able 
to perform transfers to asynchronous bus devices. 
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3.8.3. DVMA Arbitration Cycle 

Arbitratior. occurs concurrently with ongoing bus activity. The 68010. after receiving il bus request 
[P.BR.J issues a bus grant [P.SG·]. When the DVMA controller sees bus grant and address strobe 
[P.AS] d€asserted, it acquires the bus and asserts the DMA Enable. 

:'V~'''-State o 2 .3 4 5 6 7 8 9 '10 11 12 13 14 15 

C.100 

x. (lI~AREQ- --------__________________ --'L-" 1/1/1/ /1--

-----------------------------------
P.BR- -------------------------------------
P.BG- -----------------------------------------------------
S.BGlt>I- --------------------------------------------------
P.AS- --------------------------------------
S.ASIN- -------.-------------------------------
X.DMA(N- ------- -- -- ---------------------- ------- ---- -- - ---- ---------

3.8.4. DVMA Cycle, Synchronous Memory 

S-State 

C.100 . 

X.OMAEN-

S.AS-

S.A5IN-

0·05-

Q.57 

o Z 3 4 5 6 7 8 9 10 11 12 1·3 14 15 

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

---------------------------------------------------------
--------------------------------------------------------
-----------------------------------------------------------
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3.8.5. DYMA Cycle, Memory Ref resh 

Memory refresh requests are generated every 12.8 microseconds by a tow·to-high. transition of 
output [C.12800] of synchronous counter [74LS590:U211]. This transition sets signal [R.DMAREQ] in 
flipflop [74F74:U207·0]. which in turn is sychronized in register [74F3i4:U213] and causes a refreSh 
cycle in DVMA controller [P16R8:U214]. During the refresh cycle [R.DMAEN] is asserted which output· 
enables refresh counter [74LSS90:U21 0] and with its trailing edge advances the refresh counter to its 
next state. The refresh counter drives address lines [P.AOL091 ,,· .. hich constitute the row-address 
rE'irest1 addresses of the RAM chips. During refresh cycles. both banks of memory are enabled. This 
is dcne via PAL [P'6L5:U106} asserting both (Q_e.ANKO. O_BANK'] causing. thE' RAS generation logic to 
ass=r: !;)ctl~ [P::.RASO. P:.RAS1]. 

Refresh cycles are shorter than other DVMA cycles in that they only last for eight states. This is 
shown in the timing diagram below. 

S-S~ate o 2 3 4 5 6 7 E 9 10 1: 12 13 14 15 

C.l00 

---------------------------------------------------
S.AS- -------------------------------------------------------
S.ASIN- ---------------- ---------------------------------------
o.OS-

0.S7 -----------------------------------------------
P.BACK- -----------------------------------------------------

-------------------------------------------------------
-----------------------------------------------------------
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3.9. J/O:Bu5 

Reference: Schematics Page' 

The I/O data bus [10.000 .. 15] connects to the following devices: 

• all input/output devices. 
• all MMU devices. and 
• the VME data port. 

The I/O data bus is connected to processor data bus [P.ooo .. , 5} via bidireCtional transceivers 
[S3CS:t1i10, ~1'1]. These bus bufiers are e~;2.::M:d via PAL [P'6R4;U~02j as tollOWS. The l/e Sus is 
drIven from the processor data bus on all processor write cycles and all DVMA read cycles. The 
processor data bus IS driven from the I/O-bus on all DVMA write cycles and all processor read cycles 
from 1/0 devices. MMU devices. and VME Bus. 
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3.10. Mt.Jl.U and MMU Space Devices 

Reference: Schematics Page 3 

3.10.1. Overview 

The W'.1U consists of user context register [LS2518:U300], system context register [LS2518:U301], 
user/system context mu:tiplexor [74F158:U302], segment map RAM [2168:U303. U304]. and page map 
R;':.~ (21 68:U305 THROUGH U310]. 

O~:,t"' Mt,~U s:)a:::e devices are the blls error register [ALSS34:US11]. the system enable register 
fl.;"S5:> ... ;J5,i] w:tr. re-::t::~ack [':':"S2~.~.~=131. the diagnostIc regIster [t.LS::-3:L!~;41 V:lt~ LE:Js 
[LED4.J51S. JSl 6]. and the 10 PFlOM [P5X8:U510). 

3.10.2. Decoding 

The Mllt1U and MMU space devices are accessed via decoders [ALS138:U322. U323. U324]. Decoder 
[ALS13£I.U324) is the read decoder, decoder [ALS138:U323] IS the upper byte write decoder, and 
oecod~r Lt.LS1 38.U32:'] is the lower byte write cecoder. Ali MMU space devices are connected to the 
lower byte. 

3.10.3. MMU Operation 

During a normal address translation cycle. the processor system function code [P.FC2] selects 
between the user [P.FC2 = 0] and supervisor [P.FC2 = 1] context. The selected context value, together 
with address lines [P.A1S .. 23} index the segment map RAM which produces a page·map·entry·gfOup , 
[IA16 .. 23]. The page·map-entry-group. in conjunction with address lines {P.Al1 .. 1Sj index the page 
map RAM. producing as its output the valid bit [VALID]. protection codes [PROTO .. 5J, type field 
[TYPEO .. 1). accessed bit(AccJ, modified bit [MOD), and mapped address lines [MA 11 .. 22J. 

The protection field is checked with decoder [74F1S1:U315]. If the protection bit correspondi~g to 
the statE of the read/write line [O.R/W] an the processor functton codes [P.FC1, P.FCZ] is not set, then 
output IPROTERR] will be asserted. 

The accessed and modified bits are updated on all non·special cycles. For this operation, the 
current value of the type field. which 'is in the same nibble as the accessed and modified bit, is latched 
into register [ALS374:U316] with clock [C.55). 

The actual update starts with [c.SS] and ends with (C.S7]. During this time, PAL [P16l8;U103] 
asserts both [WR.UPDATE). which turns on write enable to RAM [2168:U307], .and [WR.STAT} which 
output enables register [ALS374:U316] wit~ the new data to be written into RAM {2168:U307]. 

Sun t,I,;,:rosvstems Inc 
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3.11. I/O Devices 

Reference: Schematics Page 4: 5, 6, 7 

3.11.1. Overview 

Input/Output devices comprise the PROMs, the Ethernet Control Register, the Keyboard/Mouse 
UART. the SenalCommunication Controller, and the Timer cnip. All input/output devices connect to 
the IO·Bus. 

3.11.2. Decoding 

Input/output devices are selected with a MMU type field of 1 [TYPE1 :0], [TYPEO: 11, and address 
lines IMA16 .. 22} all ones. This condition is decoded with comparator [LS2521 :U403] in conjunction 
with gate [74F32:U 4 33·3) prodUCing signal [CE.IO]. 

[CE.IO) disables the P1/P2·8us decoder [74F138:U400] ond in conjunction witl) [O.R./W) enables 
1/0 read decoder [ALS138:U401] and in conjunction with [O.R/W.] 1/0 write decoder [ALS138:U402]. 

80m tnt:- 1/0 reac and write decoder decode mJ.pped address lines [M:" 1 i .. 13J to select one of eight 
possible devices. 

3.11.3. PROMs 

Since the PROMs are larger than a single 2K page. they are addressed directly with the low·order 
bits of the non· translated (virtual) address from the CPU, [P.A01 .• A14). The PROMs are cons!antly 
chip enabled with CE tied to ground.' The PROMs are output·enabled with signal [OE.PROM) 

generated in PAL [P16LB:Ul01] during boot cycles [BOOT: l,FC = 6] and during read·PROM cycles 
[RD.PROM : 1l 

3.11.4. Timer 

Timer chip [AM9513:U504} provides five 16·bit timers. The timer is driven by a 4.9152 MHz input 
clock [C.204J. generated trom the 19.6608 MHz clock oscillator [K' 114A:U200) via binary counter 
[74lS393:U21 2], independent of the CPU clock. 

Gate input 1 of the timer chip is wired to the timer [FOUTJ signal. Output [OUrl) is connected to 
interrupt request 7 [IR07}, and outputs [OUT2 .. S] drive interupt request 5 [IROS) via open· collector 
inverters [74LSOS:USOS). 

3.11.5. Keyboard/Mouse 

The serial keyboardlmouse UART [8530:U600] are implemented with a see (serial communiC<ltion 
controller). The SCC features two high·speed, highly progra'Tlmable serial chonnels with built·in 
baud·rate generators. The clock input to the see is a 4.9152 MHz. input clock [C.204], Independent of 
the CPU clock. 

The serial lines to and from the keyboJrd/mouse are driven and received via inverlers 
[i4LS04:U608, U610}. 

eel>. Jr:: c: ~ ~JT i.t! 
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3.11.6. Serial Communication Controller 

The RS·423 UARTS [8530:U601] are implemented with the same type SCC as the keyb.oarc/mouse 
interface. 

Serial port A occupies channel A of the UART, in conjunction with inverter [74LS04:U608), driver 
,;:!6LS2£1:U609], and receiver [26LS3~:U606]. 

Serial port B occupies channel B of the UART, in conjunction with .nverter [74LS04:U610], driver 
[26LS29:U€1 1}. and receiver [26LS32:U607). 

Receiver [26LS32 :U615] is shared between channel A and E for synchronous UART applications. 
FU~;:<:5~ 0; resis.ors [tl4.SIP:S60~) is to ;Jrovloe RS·232 ccm;:.z.~i::'le 1::lIl·sale !me ter~lr\a~ton. 

3.11 .7. Ethe rnet .Cont rei Registe r 

The Ethernet Control RegIster [ALS273 :U716. ALS244 :U71 7] controls the overall opera~ion of the 
Ethernet interface. Register [ALS273:U716] is reset with processor reset. Further Information on the 
Ethernet operation is contaIned in the section on Ethernet. 
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3.11.8. Data Ciphering Processor 

Reference. Schematics Page 5 

The Data Ciphering Processor (9S1S:US061 has special timing requirements implemented by PAL 
[P16L8:US071. One requirement of the DCP is that its data strobe [MOS] may only be deasserted 20·70 
nsee after trailing edge of its clock [C.400). Other requirements' of the DCP are long hold times on 
datlJ and read/write; those are achieved by turning off the DCP data strobe early before the end of the 
CYClE. The state diagrams below illustrate these timings. 

3.11.9.68010 Add ress Load to DCP 

STATE 1 3 5 7 9 11 13 15 17 

C. 100- -- -- ------------
C59 ---------------------------
WIl.DCP -------------------------
MAS- --------- -----------------------

3.11.10.68010 Read/W rite to DCP, Best Case 

STATE l' 3 5 7 9 11 13 15 17 

C.l00- -- -- -- ------------
C.200 

C.400 ----------------------
S5 --------------------------------

S9 ---------------------------
---------- -----------------

MOLE NO- -------------------------
MOS- ------------------
TIME160- --------------------------------
TIME240- ----------------------------
WAIT- (RO) ------------------------------

WAIT- (WR) -------------------------
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3.12. P2-Bus Interface 

Reierence: Schematics Page 4, 10 ,11. 

3.12.1.·'ntroduction 

The P2·Bus is the internal bus which interconnects the CPU to main memory, the video memory, 
and e~':::anslon memory. Going off-board, the P2-Bus is brought out on connector [P96:P1 102). pins 1 
throu~h 32 and 65 through 96. 

3.12.2. P2 Signals 

The P2·8us consists of a number of address lines, bidirectional data lines, parity lines. timing 
signals. enable signals. and a handshake line. 

Address Lines. Data Lines, Read/Write Line. and Handshake Line: 

P2.S1gnal 

f'L.AOO.Z3 
f'Z.DOC.15 
f'2.DIL. DIU 
P2.DOl. DCU 
P2.h/W 
P2. WAIT 

ContrOl SignalS: 

P2.Signal 

P2.RAS 
P2.RASO 
P2.RASl 
P2.CA5 
P2.RD 
P2.WEU 
P2.WEL 

Description 

Address Llnes (24) 
Deta Llnes (10) 
Parity from CPU to Memory (2) 
Parlty from Memory to CPU (2) 
Read/Write Strobe 
Negatfve Handshake 

Description Asserted on 

Row-Address-Strobe C.S3 
Jlo.w-AdC!res s -S.t rOb.e 0 C.S3 ,,_.,:,P.~Ql 

Row-Address-StrObe 1 C.53 " P.A01 
Column~Adcress-Strobe C.S4 " -Q.SPEC 
P2-Sus Rear. Strobe C .55 1\ -ERROR 
PZ-5us Wrlte Strobe . -- C.S5 " -[RROR 
P2-Bus Wr 1 te StrObe C.55 1\ -ERROR 

v C.53 " REFRESH 
v C.S3 " RHRESII 

,.. -C[ .10 1\ -TYPE1 

" -Cr. 10 " -TYPE 1 

" -C[, 10 " -TYPE 1 

The memory control signals [O.RAS. a .. RASo. a.RAS1. a.CAS, O.WEL AND a.WEU] are generated 
centrally on the CPU side of the P2·8us. 

RAS is generated by and·or gates [74F64:U218] in conjunction with inverter [74F04:U922]. [O.RAS) 

is asserted when processor address strope is active (P .AS = 1) and the' clock is-low (C.1 00 = ~ This is 
the case at the beginning of processor state 3. After RAS is first asserted. it is latched via inverter 
(74F04:U922) until tile later of [C.S7] or [P.AS) being deasserted. [O.RASO. 0.HAS1] have the same 
timing as [O.RAS] except they are only asserted if [a.BANKo. 0.BANK1] are asserted. respectively. 

[CAS} is generated by flipflop (74F74:U204.1]. It is asserted at time [C.S4] on non'special cycles 
[O.SPECIAL: 0]. [CAS] is inhibited during special cycles because the column address is not 
guaranteed to be stable during memory management updates and thus would cause invalid decoding 
in memory. 

The upper and lower' write enable to memory. [P2.WEU-. P2.WEL·] are generated in decoder 
[74F.130:U400} in conjunction with Uates [74F32:U433·1. U433·2J. The write strobes are asserted with 
fC.55] and data strobe [O.oSJ active, with no error condition [a.ERROR] present. They are turned off 

Sun fAicrnsvstems Inc CONFI:)ENTIAL 12 Octoh-:r 19[;..:1 
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with the processor upper and lower data strobe, [P.UOS. P.LOS]. 

Accesses to the P2·Bus are decoded in qecoder [F138:U400}. A read or write reference to the P2· 
Bus [RD.P2, WR.P2] is generated when: the page type is 0 or 1 [TYPE1 = OJ, data strobe is asserted 
[o.os = 1}. no bus error condition exists [a.ERROR = 0], clock state 5 is asserted [C.S5 = ~], and the 
reference is not to an liD Device [CE.IO = oJ. 

3.12.3. P2-Bus Cycle 

The ~iming of a P2·8us cycle is illustrated in the figure below for a standard memory write cycle 
followed Oy a memory read cycle. 

6SliZIi State o 1 2 3 456 7 0 1 2 3 456 7 0 

C.60 

P2.AOO .. 11 
~~x~ ________________________ xxxx ________________________ ~x 

FZ.A12 . . Z3 ~~X~~XXX~XXXJ;J;X _________ x"J;XXXXXXXXX~~~~ _______ ~X 

PZ .000 .. 15 X Xltxxxxxxxx X xxx __________ XXJ Xll~ XX)l;XX AXI. ~ J X Xl X 1 X J XX XA __ XX 

PZ.RAS- ------------------------------------------
PZ.R/W- ----------------------------------------------
P2. CAS- -----------------------------------------------------
PZ.WEU- WEL- --------------------___ --------------------------------------

PZ.RO- -------------------------------------------------------

During read·modify.write cycles, processor address strobe and thus [O.RAS] and [O.CAS) stay 
asserted for the entire length of the cycle. 

Note that both [P2.RAS] and JP2.CAS] are asserted before the page map type field is decoded and 
before the protection field is evaluClted. Thus !P2.C~S] indicates a valtd adoress. but not necessarily a 
valid reference. Only the readlwrite strobes qualify a reference. 

The tlmmg shown above applies tc? main memory read cycles and main memory write cycles that do 
not have the negative handshClke [P2.WAIT) asserted. Accesses to video memory are similar to main 
memory read cycles. except thClt signal [P2.WAIT] is active. [P2.WA1T1 is asserted by the video memory 
interface when it needs to delay the completion ot the current cycle. On read cycles to video memory, 
[P2.WAIT) is asserted to delay the current cycle until valid read data is available. On write cycles to the 
video memory. [P2.WAIT] is asserted whenever the video memory is completing a buffered operation 
and is thus not yet ready to accept a new cycle. The $Clme mechClnlsm is used for write operations to 
main memory shadowed by video memory (video copy mode). 
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3. 1 2.4. Pa rity Error Logic 

Reft:rence: Schematics Page 4 

The Parity Error Logic generates parity for memory write operations and checks parity for memory 
read operations. Note that the parity error logic is only used for memory accesses (page type 0). It is 
not used for any other cycles, such ~s video memory cycles (page type 1). 

On writes. parity is generated with parity generators [74F280:U420. U421]. When signal [EN.PI\RGEN] 
IS asserted. odd parity is generated and stored in memory. Odd parity mE:ans that the sum of all data 
bits and the parity bit is ood. 

Or. rE:acs. par:r:: I~ cheCKed with ;:J.:.~ity checke~s [74 C2BO:U42:, U423]. If tne ever. output of the 
parity checkers is true. then a parity error has occured. This panty error info~mation is clockea into 
the parity flipflcps [74F7 4.U4 24·0, !J~24- 1] t;m memory read cycles [TYPEO = 0, RD.P2 = 1] with the 
leading edge of [C.s71, delayed by two inverter delays [74F04:U404·3, U404-4J. 

. -

The parity error flipfiops are sell-latching. This means that they remain set until they are cleared by 
signal [O.PARCLR]. The parity error flipflops remain cleared if panty checking is disabled 
(EN.PARERR = oJ. 

The outputs of the parity error flipflops [PARERRL. PARERRU) are ORed with the other bus error 
conditions in gate [74LS30:U130J. This generates signal [O.ERROR) which in turn generates bus error 
[O_BERR] to the 65010 via PAL-[P16L8:Ul03J. 

Parity errors are different from other bus errors in that they cannot abort the 68010 cycle in which 
they occur. This is because they are only detected at the end of a read cycle, after a point at which 
the 68010 can abort the current cycle. The parity error f1ipflops provide the function of latching parity 
errors until they are recognized by the CPU_ 

In order to recognize the bus error caused by a pending parity error, the 68010 must execute a 
"non·special" cycle [O.SPECIAL = OJ. Under this condition. PAL [P1 6L8:Ul 03] generates signal 
[O.BERRCLK) which clocks the parity error flipflop state into the bus error register [ALS534:U51 1 J and 
signal rO.PARCLR) which clears the parity error flipflops_ 

Parity genemtion and checking CM be disabled for testing purposes. To initialize parity in main 
memory, all of memory needs to be written with panty generation enabled. When signal [EN.PARGEN] 
is not assened, then even parity is g~nerated. ThiS allows the parity error function to be tested. 
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3.13. Ethernet Interface 

Reference: Schematics Page 7, Intel 82586 Ethernet Controller Manual. 

3. 1 3. 1 . 0 V e rv jew 

The Ethernet Interface is built around the Intel 82586 VLSI Ethernet Controller [U700) and the 
FujItsu fv18502 Phase Lock Loop Decoder [U70,], as shown in Figure 3·2. The Ethernet Control 
RegIster [ALS273:Ui16. ALS244:U71 7J controls the overall operJ.tion cf the Ethernet interface. 

Address Register Ethernet Data Link Controller 

Processor 
Adrs Bus 

Processor 
Data Bus 

----

, 
Data Port 

Intel 82586 

. 
, 

Control RegHster 

, 

Figure 3·2: Ethernet Interface 

3.13.2. Ethernet Data Link Controller 

-

Ethernet Front En d 

, M8502 
-- i--

Ethernet 
Transceiver 

The Intel 82586 Ethernet Data Link Controller is configured as follows: Maximum Mode [MN/MX. 

: oJ. asynchronous ready [READY = 0], directly enabled [HLDA :: HOLD1. and always cle~r to send leTs· 
: oJ. The 82586 receives an 8 MHz clock from flipflop [74F74:U713·'), Pullup [R9·SIP:S700] supports 
the VOH·level required by the 82586. For a complete description of thIs part, refer to the Intel 82586 
Data Sheet. 
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3.13.3. Ethernet DVMA Cycle 

Wr,en the Ethernet controller wants to access main memory, it ass€: 
(E.FlO] or write control [E.WR1. Ethernet read and write controls 
[74LSOO:U71S·3] to generate Ethernet data strobe [E.OS]. The leadin<; 
[E. OS) then sets the Ethernet DVM A request flipflop (74F74:U207.'], 

reauest [E.HOL01. ANDed with Ethernet error mactlve [E.ERR.] in g~te [ 
[E,REO] to the DVMA Arbiter latch [74F374:U2' 31. This wilt cause the ;. 
the b~s from the CPU until the 82586 drops [E.HOLD]. 

Ethernet Dat2 Strobe is also clocked via [74'F74:U713·0] at the n~ 

~:I~~""let clo·:~~ [E. C. -: 25J tc ~e;,e:"Z!te E!~ernet acjress strobe lE.!-S~ 

address strebe latches the 24·bit Ethernet address into the Ethernet a 
U703. U704] to generate Prpcessor Address [P.A01 THROUGH P.A23] \'!hE 

enabie [E.DMAEN]. In addition. Ethernet write control [E.WRJ IS latc~l 

generaie Processor Read/Write strobe [P.R/W.) when enabled. 

At this point. the Ethernet has requested a DVMA cycle and is waiting 
a write cycle (Ethernet to Memory). the DVMA controller will enable th 

[ALS:!44;U707. U708J wltn Ethernet output enable lE.OE]. On a reas eye 
DVMA controller will latch the data read from memory into the 
[ALS373:U70S. U706] at the trailing edge of Ethernet write enable [E.WE; 

are output enabled by Ethernet read· 1 [E.RO'] to the Ethernet controller ( 
in the diagram below. 

The Ethernet read and write buffers are byte swapped between the 
Ethernet data bus. This m~~~s_ t~at the processor data bits 0 .. 7 are can 
8 .. 15 and vice versa. 

If a bus error is encountered. during an Ethernet DVM A cycle. th~ EthE 
{ALS74:U719·1] causing the Ethernet Error signal to be asserted [E.ERR]. 

Ethernet DVM A requests10 be set in the Ethernet DVMA request flipflop [7 

bu~ error flipflop can oniy be reset by an Ethernet reset command [E.RESE"' 

8258& State TO Tl T2 T4 I, 

E.C.125 

E.RO- ------------------------------
LROO- ----------------------------------
E. R01- -----------------------------------------

Sun Microsystems Inc CONFlDeNTIAl 
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3.13.4. Ethernet Phase Lock Loop Decoder - U701 

The F!Jjitsu Ethernet Encoder/Decoder [MB502:u7011 connects the board directly to an external 
Ethernet transceiver_ The M8502 uses a digital phase lock loop with 10 samples per bit cell. An 
internal oscillator with external crystal X700 together with tank circuit [C:C700. C703. C704. L:L700} 

supplies the 100 MHz input frequency to the PLL chip. Jumper [J.2:J704] selects between Ethernet 
Levelland Level 2 interface characteristics (Level 2 if jumpered) .. 

The Ethernet frontend is interfaced to the Ethernet data link controller with inverters [74F04:U709) 

and flipfiops [74F74:U710. U712]. Pullup [R9.SIP:S700] raises the sigr.alleve!s to those reqUired by the 
EOLC. 

3 . 1 3.5. E the r net T ran see i v e r In t e rf ace - J 700 

The Etilernet Connector [J700J follows the standard Ethernet definition. Jumper [J.2:J70?J supplies 
-+ 5V to the Ethernet connector for transceivers that require this voltage. The Ethernet transceiver 
drop cable is terminated with resistor networks [R4.SIP:R704, R70S). 

CO~JI="IDENTiAL 
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3.14. VME Bus Interface 

F;eference: Schematics Page 8', 9,10. VME Sus Manual. 

The VME Bus interface consists of the following functions: 

• VME Bus Utility Functions 
• VME Arbiter 
• VtviE !'_~aster Interface 
• VME Slave Interface 
• VME Interrupt Handler 

Figure 3·3 shows how these functions are interconnected. 

VME Master Interface 

Address Out 

Physical >-1 ALS373 VME 
Address > ALS244 Address 

Data Out 

Processor >-1 
ALS374 VME 

Data Bus ALS244 
) 

Data 

41 

VME Slave Interface 

Address In 

I ALS374 
Virtual 

> > Address 

Data In 

I ALS244 
Processor 

> > Data Bus 

VME Arbiter VME Interrupt handler 

Bus Select ~. _____ ~->~ VME >>----11 "-1 Control '-----.... 

Figure 3·3: VME Interface 

,...."...... lr-t ....... -" , ..... , ~, 

Processor 

> Interrupts 
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3.14.1. V-l\t'E Bus Utility Functions 

The VME Bus Utility functions are implemented by these four utility lines: System Clock 
[P1.SYSCLK], AC Fail [P1 .ACFAIL], System Reset [Pl .SYSR]. and System Fail [Pl.SYSF]. 

System Clock is driven from the 16 MHz oscillator signal [C.62~J via a high·current driver 
[74F244:US17]. System Clock has no phase relationship with any other VME signals. It can be 
disconnected irom the VME Bus by removing jumper [J.16:J900·15.16]. 

AC Fail is driven to the VME Bus by open collector driver [74ALS641,:uala). It is asserted while 
Power·Or.·Reset is active. It cannot be disconnected from the VME Bus. 

Si's~em Rese: is c~lve"1:::- the VME Sus by open collectcr driver (74,!,LS6411:UB1eJ It is ass€:"ted 
whenever Processor· Reset is active. It cannot be disconnected from the VI.iE Bus. 

The 2050 Board can be configured either as a P1·Bus Reset Master or Slave. 

As a P1·Bus Reset Master, the 2050 Board issues Reset [B.R!::SOL!:] to the VIAE Bus. Power· Or. 
Reset. Wa.tchdog Reset. and 68010 Reset will all assert P1·Bus Reset. Other P,·6us devices may also 
assert P1·Bus Reset. but this will have no effect on the on·board CPU and devices. 

As a P1 ·Bus Reset Slave. the 2050 Board receives Reset [5.RES1N1 from the VtAE St!s. but does not 
drive Reset to the VME Bus. The VME Bus Reset has the same effect as an on·board power·on·reset. 

System Fail is not used or generated by the 2050 Board. 

3.14.2. VME Arbiter and Requestor 

The VME Arbiter and Requestor functions are implemented in one state machine [74F374:UB12, 
U813. P9X4:U81" P16L8:UB14J. Out of the options possible within the VME Bus Spec, the arbiter 
implements the ONE ROR arqiter optiof\. ONE means that the arbiter monitors bus request level 3 
[Pl.BR3) only and accomphshes arbitration via the level 3 daisy chain [Pl .BG3IN. Pl.8G30UT). ROR or 
release on reQuest. means that the~rbiter only releases the bus when-a request from another master is, 
pending. 

When the CPU wants to access the VME Bus. either for a standard read/write cycle or for a 
interrupt acknowledge cycle. it asserts signal Bus Select [B.BSEL] via'PAL [P16L8:ualo). 

If the arbiter currently does -not own'VME Bus mastership. it requests bus mastership by asserting 
VME Bus request (Pl.BREO] and going through the normal VME Bus arbitration seque'nce. If the 
arbiter already owns bus mastership. it will keep the bus mastership until another VME Bus master 
requests it. 

3.14.3. VME Master Interface 

Once the 2050 Board obtains VME Bus mastership, the VME Master Interface allows the 2050 
Board to access VME Slaves on the VME Bus. The interface consists of address and address modifier 
latches [ALS374:U940. U941. U942, U9431 and drivers [ALS244.1:U90C. U901. U902, U903]; write data 
latches [ALS374 :U91 0, U911] and drivers [ALS2441 :U908. U909); read data buffers [ALS24 4:U90S. U909}: 
anc control signal driver [74F244:US17·0}. The VME Slave Device betng addressed will respond to the 
transfer by asserting either data transfer acknowledge [Pl .DTACK1 or bus error [Pl.BERR]. These two 
Signals pass through flow. through latch [74F373:ualS] and are QU:llified In PAL [P16Ln:us16] before 
reaching the 60010 CPU. 
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The VME Master interface supports complete backoff/rerun capability. This capability is utilized 
for VME accesses that take longer than 2 usee. In case of a VME access that is not completed within 
2 usee, the state of the VME interface is frozen and a CPU rerun cycle is performed. Dur~ng the rerun 
cycle. the CPU can give the on-board bus to the Ethernet interface or to the refresh logic to allow 
these devices to perform their functions. After these devices complete their activities. the rerun is 
terminated and the CPU continues with its VME access. This operation is transparent to the VME 
Bus. Notice that rerun cycles are also executed while the board is waiting for VME Bus mastership. 

The VME rerun operation in detail proceeds as follows. Starting with [C.S4] of a cycle, counter 
(74LS~93:U212] stnns counting with the falling edges of [C.400]. After eight Input transittons the 
counter asserts [B.C2]. This signal is inverted via [74F04 :U:! 2' .,] and reclocked in register 
r-.: =:7~ U2Q6; niei;b:' genera!i::; x(B.C3). Signal [8.CZj closes t:-.e [s::~C: .. ::7:'C~:] r;ow-througn latCh 
[7':;F~i3:U8'5]. If a [BERR. OTACK] arrives before the latch closes the CPU will complete the cyCle as 
normal and the rerun sequ~nce is aborted at that point. 

If the CPU has not received a [BERR. DTACK) at this point the rerun secuence co.,tinues.- After two 
addition",1 transitions of clock [C.400]. counter [74LS393:U212] asserts both [B.C~J and [B.C'), This 
event IS decoded in PAL [P16L8:ua14] asserting output [B.T03]. (B.r03) enters PAL [P16u3:ua10] 
which in turn generates [B_FREEZE) and initiates the actual rerun cycle to the CPU with signal 
(B.RE;:;U:.]. [B.FREEZE) causes the VME control signals. write data. anc accresses to be latched until 
the CPU resumes the cycle after completion of the rerun. 

The timeout counter [74LS393:U809] counts the number of bus reruns. Each assertion of [B.C2] 
increments the counter by one. When the counter reaches 128 it asserts timeout. 

3.14.4.68010 Cycle to VME Bus, Currently Busmaster 

68010 State O· 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

C.l00 

P.AS- --------________________________________________ __ 

P.OS- (R E AD) ------- - _____________________________________ __ 

P _ OS- (WRITE) ----------------________________ _ 

B. BSEl- ------------ ... -------_______________________ _ 

B.AEN-

B.tEN- -----------------------------------------------
Pi.AS- --------------------------------------
Pi.OTACK- ----------------------------------------------------------

• ..... ~_~_l._·,..,,..· 
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3.14.5. 58010 Cycle to VME Bus, Not Cu rrently Busmaste r 

68010 State 

C.lOO 

P.AS-

p.es- (READ) 

F .os- (WI\IiE) 

t. I><:r-'_ 
~ ............... 

B.REQ-

B.AEN-

S.BEN-

B.eEN-

Pl.DiACK-

o 1 2 3 ·4 5 6 7 e 9 10 11 12 13 14 15 

---- ----- -- --
---------------------.....;...-------
------------------------------
------- --- -----------------------
------------------------------------
------------------------

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

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

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

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

3. 1 4 .6. V M E S I a vel n t e rf ace 
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The VME Slave Interface allows the 2050 Board to be accessed by other VME Masters on the ViviE 
Bus. It uses the address comparator [LS2521 :U930] to match the four high·order address lines from 
the bus [P1.A20 .. A23) against the base address bits [X.AO .. A3] selected by switches (J.16:J900]. In 
addition. tile VME address modifiers 4 and 5 must be set. [P1 .AM4: 1, Pl.AMS = 1). the VME interrupt 
acknowledge must be not set (Pl.IACK = oJ, and the 2050 Board must not be bus master [B.AEN = OJ. If 
all these conditions are met and VME address strobe [X.ASJ and a VME data strobe [x.UOS OR X.LOS1 
is asserted then signal [X.OMA1 is asserted, indicatmg that a VME Slave Interface request IS pendi"ng. 

The rising edge of [X.OMA] sets the external DMA request flipflop [74F74:U203·1] posing an external 
DMA request [X.DMARE01 to the DVM A controller. In response, the DVMA controller requests the on· 
board bus from the CPU and executes an on·board cycle using the external DVMA address stored in 
regIster [ALS374:U·904, U90S. U906]. On a write cycle, the DVMA controller uses the data buffer 
(ALS244:U908. U909) to enable-data from the ViviE bus. On a read cycle, the data read from memory is 
stored in register (ALS374:U910. U911] before _it is drive~ t~ t~e _ V~E bus with data buffer 
[ALS2441 :U91 2. Ug1 3). 

At the end of the VME DVMA cycle the handshaking f1ipflops [74F74:U9311 are set with the trailing 
edge of [X.OMAEN]. If a bus error is present 01 this time, the bus error flipflop [74Fi4:U931·0] is set. 
asserting [X.BERR}_ Otherwise, the DTACK flipflop [74F74:U931.1J is set. asserting [X.OTACK}. Both 
[X.OTACK] and [X.BERR} are driven to the VME bus with open· collector driver [ALS64 11:U818]. Signal 
[X.OMA) stays asserted until the VME Master drops its data strobes. This in turn cl~ars the Bus Error 
and DT ACK flipflops [74F74:U931}. 
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3.14.7. VME Interrupt Handler 

The VME Interrupt Handler responds to Interrupts on the VME Bus. The 2050 Board does not 
generate any interrupts to the VME Bus. Jumper J800 can individually connect and disconnect all 
VME Interrupt leve!s. Priority decoder [74Ls148:uaOO] prioritiz.es the enabled VME interrupt requests 
and generates encoded interrupt lines [B.IPLO .. 2). These encoded interrupt lines together with the 
onbcard interrupt requests are combine'd in PROM [27S33A:U10S) which in turn drives the 68010 
interrupt lines [IPLO. IPL 1, IPL2]. 

When the 66010 recognizes an interru~t request. it issues function code 7 and sends out the 
i:;!er':.J:J: leve! being acknowledged on <lddress ·lines [A01 .. A03). The on·board/offboard interrupt 
5-2;-=::or [7.<;F1 51 :UZC:] de:::6ces · ..... ttether an ext~ma: ii,terrU;:it request is pencing a: the levei !he 

6SS10 acknowledges. The output of this selector [B.IRO). is sampied at state 4 in the 
onbcard/offboard interrupt flipflop [74F74:U20S·0]. Output [O.AUTOVJ is asserted if no offboard 
interr:.;pt re:;uest "'Jas pending or if address bit [t.. 1 9) is deasserted. indicating a non·interrtlpt cycle. 
OJt~u: lO.AUTOV) is deasserted if an onboard- interrupt recuest is pending at ihe levei being 
acknowledged and if address bit A 19 is asserted. indicating a valid interrupt cycle. 
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3.14.8.68010 Rerun Cycles 

Rerun cycles are executed on two conditions: VME Bus deadlock and long VME accesses. These 
two rerun conditions are recognized in PAL [P16L8:U1l101 whic~ generates [B.RERUN]. Signal 
[B.RERUN] is synchronized in flipflop [74F374:U206] before driving PAL [P16R4:U102] which in turn 
generates the recuired [O.BERR. P.HALT1 signals to cause a CPU rerun. . 

3.14.9. Rerun, VME Deadlock Case 

The concltion here is that the CPU is attempting to access the VME Bus whil~ another master on 
the \·I.~= Sus IS a!te!Tl;):I:1~ to acces~ thE:: 205Co Soard as a slave device. S;nce the VIviE Sus has no 
rerun ca;)zbJllly. the 63010 must yield to the VME Bus request te resolve the deadlock. The condition 
is present if [B.SEL] and [X.DMA) are simultaneously valid. 

o 2 3 4 5 6 7 8 9 10 11 12 13 1~ 15 

C.100 ---- ------
P.AS- ---------------------------------------
P.BR- --------------------------------------------------
B.6ROUT- -------------------------------------------------
B.RERUN- -----------------------------------------------
S.RERUN- -----------------------------------------------
S.BERR- ----------------------------------------------------
S.HALT- ----------------------------------------------
P.BERR- ----------------------------------------------------
P.HALT- ----------------------------------------------

3.14.10. Rerun, VME Rerun Case 

The VME Rerun case is initiated for VME cycles that are not completed within the short timeout 
time. including VME accesses waiting for VME Bus mastership. 

C" r .' ~'r __ .... _ ......... _ '_'" ,..,.....,·::,-·_::- ... ' ...... ' .. 1 
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SSOlG State 

C.100 

P.AS-

P.DS- (READ) 

P.OS- (WRITE) 

".OTACK

E.TO::

B.FREEZE

B.P.ERUN

S.RERUN

P.BERR-

Theory of Operations 

o 1 2 5 

----......: 

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

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

P.HALT- ------------------------------------____________ ~---------

47 



Sun·2 Model 50 Theory of Operations 

3.1S. Memory 

Reference: Base Board Schematics Page 11, 12, 13, 14, 15 

Reference: Expansion Board Schematics Page 21, 22, 23, 24, 25 

3.1S.1.lntroduction 

The description of the memory applies in the same way to the memory contained on the 2050 Base 
Board as to the memory on the 2051 Expansion Board. 

:~e r.1emory design consists of the following func~ions: 

• memory array (1/2/3/4M Bytes) 
• address multrplexor and driver 
• control signal criver 
• bank decoder and driver 
• data drivers 

The interconnection of these pieces is shown in the Figure 3·4. 
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P2.A02 .. 08 EJ F158 
P2.A10 .. A17 

Memory 

, 

~!MU. Adcress 
18·8 = 144 RAMs 

?2.RASO/1 

P2.WELIU :1 
; ---;. P2.A 1.18.19 

P2.CAS 

P2.DOO .. 1S 

P2.DI. P2.U 

P2.A20 .. 22 

---;. 

r-7 

~ 

~ 

F244 J\,/' ~ Address (8) 
~ 

l--~ 
RASO. RAS1 

F244' 
WEL, WEU 

,. 

F138 -'"V"v V" 
~ CAS (8) , 

'f' 
ALS244 -" /V"v ~ Data In (18) . 

l' 
ALS244 ,. Data Out (18) 

T Select 

F151 

Figure 3-4: Memory Interface 
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3 . 1 5 . 2. Me m 0 r yin t e rf ace 

The CPU interlaces to the memory via the P2.Bus. This means that all interface signals are 
aV<:lilable on the P2·connector [P96:P1 102]' allowing a memory expanSion board to be interfaced to 
the same bus. The following description applies equally to the memory on the CPU 60:lrd as well as 
to the expansion memory. 

3.15.3. Memory Organization 

Memory is organized-as 8 banks of 18 RAM chips each. mai<ing a total of 1~ chips. Each bank 
stores iE c:.:tc. bl:s anc 2 ;:;arrty bits. 

RAM chips can be either 64K or 255K Bits. With 64K RAMs .. each bank stores 128K Bytes plus 
parity. and all of memory Slores one Megal?yte. 

With 256K RAMs. each bank stores 512K Bytes plus parity. making total memory capacity four 
Megabytes. 

3.15.4. Memory RAM and Bank Decoding 

Due to the plpelmed RAS·CAS access. memory is CAS decoded because the translated address 
bits that select which bank of memory is accessed are only available in time for the CAS address 
strobe. For special cycles [a.sPEcIAL: 11. such as MMU updates, CAS is not asserted. 

Decoding for 64K and 256K RAM chips is as follows: 

I Decoding 

RAS Bank 
I f;';S A(!::ress 
I CAS Ac1dress 
I CAS Bank 

. 64K RAMs 

AOl 
-AC2 .'. AD9 
AlO .• A17 
A01.18.l9 

256K RAMs 

ADl 
AOZ •. ;'10 
A1L.AiS 
AOI.A20.A2l 

3.15.5. Memory Section Decoding 

To allow the memory to respond to arbitrary 1 megabyte sections within the 8 megabyte memory 
address space. memory select decoder [74F1S1 :U1200] decodes the three high·order address bits 
[P2.A20 .. A22] and reads from the select jumper [J16:J1200] whether the addressed 1 megabyte 
section of memory is enabled or not. If enabled, the Memory Select signai [M.SEL] enables CAS 
decoder [74F138:U1201] and read/write buffers [ALS244:U1210 .. U1214] via decoder [ALS138:U1202]. 

The first megabyte of memory is always enabled. The second megabyte of memory is enabled with 
jumper [J 120':' ·2J installed. The third and fourth megabyte are enabled os il poir if jumper [J, 201 :3·4] 

is installed. 
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3.15.6. Memory.Drivers 

The RAM signals are driven as follows: 

[RAS, WEL, WEU], and the Address Lines are driven by 74F244 drivers with 33 Ohm series 
termination. Each bank of memory has its own set of drivers for these signals. 

CAS is driven directly by the CAS decoder [74F138:U1201] with 33 Ohm series termination. Data to 
the RAMs is driv~n by [ALS244] drivers with 68 Ohm series resistors [R:Rl200·R1 217]. 
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3.16. Video 

Reference: Schematics Page 16. 17, 1S, 19 

3.16.1. Overview 

The video subsystem consists of the foliowang functions: 

• video memory (128K Byte) 
• video memory controller 
• data mult:plexor 
• r'~·811S interface 
• vIdeo sync controller 
• video shifter 

The ir-terCC:1nectlon o~ these pieces is shown in the Figure 3·5. 

Video Address 

LS590"2 

Processor Address 

- ALS374"2 

Prccesso~ Port 

,.-- ALS374-4 

P2.DatCl Control Register 

----
Request Logic 

P2.RD/'vVR 

P2WAlT 

(16) 

Video Memory 

4416-16 

-"' 

Multiplexor 

LS24S"S (64) 

Memory Controller 

Video Register 

LS374"S -

Figu re 3-5: Memory Interface 

c., t'" , J r .. -- _ ............. _,... t,... ..... 

(8) 
"-.. 

52 

Video Shifter 

F194"2 ~ 

Video Controller 

I t; Hsy 

Vsy 
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3.16.2. Video Memory and Addressing 

The 128 kilobyte video memory on the board, chips [4416:U1700·U1707, U1710·U1717], is dual 
ported for processor access and video refresh. The memory is organized as 16K Words of 64 bits 
each. Processor update cycles read 16 bits at a time or write 8 or 16 bits at a time. Video refresh 
cycles read 64·bits at a time. 

The address for processor cycles is stored in register [AlS574:U1632] for the row·address and in 
register [ALS574:U1633] for the column address. Register [ALS373:U1634] demultiplexes the 
multiplexed memory addresses. 

The address for video cycles comes from counters [74LS590,U1630, U1631] for row and column 
address, respectively. Notice that the organization of the 4416 RAM chips requires an 8·bit row 
address and a 6·bit column address. Address lines [V.AO] and [V.A7] are not used for column 
addressing. 

The video refresh counters are incremented every 640 nsec with the rising edge of [V.OE1·] except 
during states without display enable. They are reset to 0 with signal (V.RESET.]. 

3.16.3. Video Memory Controller 

The video memory controller state machine generates the timing for the video memory and other 
basic timing strobes for the video subsystem. It consists of PROMs [P5X8:U 1604, U 1605] and latches 
[74F374:U1606, U1607). The state machine is clocked with [v.C.40]. 

The memory controller has a total of 16 states, enumerated 0 through 15, that are continuously 
executed in sequence. Each state has a duration of 40 nsec, making the 16 state cycle repeat every 
640nsec. ' 

The memory controller can execute three basic types of cycles: Idle cycles, Processor update 
cycles, and Video relresh ·cycles. The memory controller executes an idle cycle or a processor 
update cycle between states 0 through 7 and a video refresh cycle between states 8 through 15. ' 

Idle Cycles are exetOfed oefween state 0 throu'gh 71f no request is pen-ding {V .SREO = 0]. During an 
. idle cycle, memory control signals are not asserted. 

Processor Update Cycles: Processor Update Cycles are executed befween states 0 and 7 if 
synchronous request is asserted [V.SREQ = 1] and if the register select bit is clear [V.BS19 = 0]. During 
a processor cycle, signals [V.PRA] and (V.PCA] enable the processor row and column address from. 
the processor address latches [F374:U1634] and [F374:U1635]. respectively, in time for [V.RAS] and 
[V.CAS], the row and column address strobe. 

Read Cycle: A read cycle is executed if no external write strobes (V.LOS, v.UOS] are pending in the 
request latch [ALS374:U1615]. The memory word addressed by bank selects [V.BSt) and [V.BS2] is 
enabled via the RAS decoder PAL [P16n4:u1616). The read data passes from the video RAM chips 
onto the internal data bus [V.BOO .. 15] through buffers [74LS245:U1730 .. U1737] and is latched in the 
data output register {ALS374:U1602, U160J] at the rising edge of si}Jnal (V.ACK]. 

Write Cycle: A write cycle is executed if a external write strobes [V.LOS, V.UDS) is pending in the 
request latch [ALS374:U1615]. Write cycles are similar to read cycles except that the flow of data 
reverses. Write data is output enabled f.-om the data input register (ALS374:U1600. U1601], passes 
through buffers [74LS245:U1730 .. U1737], and is then written into the nAM chips selected by active 
RAS strobe [V.RASO .. 3] ancl write enable strobes [v.wu, v.wL). The RAM Write Enable signal [v.wE-] is 
asserted starting at state 3 for e<lrly write-cycle timing. 

Sun Microsystems Inc CONFIDENTIAL 12 October 1984 
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\'ideo Refresh Cycle' Video refreSh cycles are executed during every memor! controll2r cycle 
bet;Jeen statE 8 and 15. During a video refresh cycle. signals [V.VRA) and [v.vct.J enable the video 
ro';,' ar.c CO!.Jmn address contained in registers [74F37~:U1640; and [7~F374.U'6':11 .. respectively. 
These re9isters are loaded from counters [74lS590:U1630j and (74lS590.U1631). Video memory cata 
is read out 64·blts In parallel and is latched at the end of state 15 In the video cata register 
[74lS3i4:U1720·U1727] with the trailing edge of [v.VCt.·}. In additIon to executing the video refresh 
cycle. the current memory controller .state is decoded in decoder [74F138:U1728} to enable 
consecutive bytes from the video data register onto video ou!;::;ut bus [V .00· V.07J via control lines 
[v.0£:0· .. \'.0::7.]. Starting with [V.OEO.] in state O. one byte from the Video c2.ta register is E::1abied 
every two states. The data on the video output bus is then loaded into the video shifters 
[74;:-19':·U~505. UHl06}. 

A prccesso~ cycle is executed if the synchronous reGuest [V.SREO] is active (the gener<:ltion of 
[V.SR:O] is cesGrI!:)ed below under request logic). During a p~ocessor cycle. Signals (V.P"lA] and 
[v.pct.] ena!:J!e the processor rO\N aild column address from the processor acdress latches 
(t.LS374.U1632) ane [t.LS374:U1633]. respectively, in time for [V.Rt.S] ane [v.Ct.S). the row ane column 
address strobe. 
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3.16.4. Video State Machine 

S;;(o=o 

s ~ He o 1 2 3 5 6 8 10 11 12 13 15 

V.DE o 1 2 3 4 6 7 

V.(-40 

V.RAS- -_ ... -- --_ ... --- -- -- ............ -- --_ ...... --- ... -- ...... -_ ........ _ ...... --------------
V.CAS- ------- ... ----------------------------------------------
V.VRA- -----------------------------------------------------------
V.VCA- ----------------------------------------------------------
\'.FRA- ---------------- ---_ ... ------- -- --- ------ -------_ ... -_ ... ---- ----
V.PCA- ---------------- ----------------------------------------
V.G- --------------------~-------------------------------------
v.w-

V.HClK --------------- ------------------------------------
V. EtlREQ 

$1\£0= 1 

S~ate (j 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

V.DE o 1 2 3 4 5 6 7 

v.c . .:o 

V.RAS- ------------ ---------------------------
V.CAS- ---------------- -------- ----------------
V.VRA-

V. VO.- --------------------------------------------------------
V. PRA- ----------------------------------------------------------
V.PCA- -------------------------------------------------------------
V.G- ---------------------------------------------------
V.w- -----------------------------------_ ...... --_ ......... --_ ... --_ ... -
\/.ACK-

'1.HClK --------------------------------------------------------------
v. U,P,EQ 
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3.16.5. Video Interface to P2·Bus 

3.16.6. P2-Bus Address Decoding 

56 

The video board responds to three types of accesses: direct reads. direct writes. and copy writes. 

For direct reads and direct writes. the video logic is selected if the four most significant P2 address 
bits [P2.A20 .. A23] are all ones. In that case. decoder (AlS138:U1621] produces signal [V.BSEl·]. which 
generates a video request via PAL [P16l8:U1620]. 

. . 
Copy writes occur if the copy comparator [LS2521:U 1623] matches P2 address bits [P2.A 17 .. P2.A22] 

with video base address bits [V.BASE1..6] and if copy mode is set [V.COPY: 1] in the control register. If 
all of these conditions are true then comparator [LS2521:U1623] generates [V.CSEl·] which generates 
a video request via PAL [P16l8:U1620]. 

PAL [P16l8:U1620] also decodes [P2.A17] in direct mode [V.BSEL: 1] to generate the read/write 
strobes for the video control register [AlS273:U1610, U1611]. 

3.16.7. P2-Bus Request Generation 

The video board implements buffered write cycles and unbuffered reads. Reads follow the 
traditional conventions of memory systems. When the processor reads from the video board, the 
video board performs the _de~ired access and returns the data read to the processor. Since the 
memory on the video board is dual· ported and asynchronous to the processor. the processor will 
have to wait until the read data is available. This is implemented by the video board asserting the 
[P2.WAIT] sig.nal until the read data is ready. 

. . 
Write cycles. on the other hand. are buffered. The video board provides a set of registers that store 

all information related to a write cycle, effectively implementing a l·deep FIFO. This means that on a 
write cycle the processor does not need to wait until the dual·ported video memory is available. 
Instead. the write cycle is automatically completed with the data stored in the registers. A second 
write, however, can only be initiated when the first wdte cycle has been completed. This is done by 
asserting the [P2.WAIT] signal ita write cycle. to the video board is attempted while a previous request 
is still in progress. . 

An interesting case occurs if a write cycle is immediately followed by a read cycle. In this case, the 
write cycle is still in progress while the new read cycle is pending. The design of the request logic 
assures that the read cycle is only begun after the write cycle has been completed. 

This read/write cycle handshaking is implemented in PAL [P16L8:U1620). A request is set when the 
video section is addressed in with a read or write cycle in direct mode [V.BSEL] or with a write cycle in 
copy mode [V.CSEL). Signal [BUSY], causing [P2.WAIT), is set while a request is in progress. 

The leading edge of the request signal [V.REO] clocks the demultiplexed processor address into the 
processor address register [ALS534:U1632. U1633]. It also clocks the low·order address bits [P2.A01, 
P2.A02) and the write enable bits [P2.WEL. P2.WEU] into register [AlS374:U1615]. 

IV.REO) is sampled with signal (V.ENREO) into flipflop [74F7·4:U1624.0]. The sampled signal is 
reclocked on the next clock edge of (V.C.40] into flipflop (74F74:U1624.11 and becomes signal 
[V snCO). ThIS Slqnal controls th~ memory state machine to p~rform either a CPU cycle [V .SREO: 1] or 
an Idle C)CIC (V snrQ: oJ. 

Sun Microsysterns Inc CONrlOENTIAL 1:! October 1984 
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3.16.8. P2-Bus Interface Timing 

READ CYCLE 

P2.RD- ----------------------------------------------
V.RDACK------------------------_____ ----------------------------

V.REQ- ------- -----------------------------------

V.ACK- ----------------------- --------------------------------

V.WAIT- ------- ------------------------------------

WRITE CYCLE 

P2.WR-

V.RDACK------------------------------------------------------------

V.REQ- ------- -----------------------------------

V.ACK- ----------------------- --------------------------------

V.WAIT- ----------- ------------------------------------

WRITE CYCLE FOLLOWED BY WRITE CYCLE 

P2.WR- ---------------------------------------------
V.RDACK------------------------------------------------------------

V.REQ

V.ACK-

V.WAIT-

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

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

WRITE CYCLE FOLLOWED BY READ CYCLE 

P2.WR-

P2.RO- --------"-------------------------
V.ROACK------------------------------------------___ ------------

V.REQ- --------------- ------------------------
V.ACK- -------------------------------------------------------------
V. WAIT- -----------_______________________ ------------------
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3.16.9. Video Controller 

The video controller generates the timl'lg for the video monitor. The following description a;:lplies 
to the "stanc::m:! Sun·2 video monitor". This video monitor has tt'E- iolloV.'tng a~tnbutes: 

V1Slble Dispiay 1152 pix~ls by gee lines 
Vl0eo Clock: 10 nsec laO MHz 
Hcrlzontal Cycle: 16.00 usee 62.: kHz 
Vertiea~ eyeie: 150eO usee 65.66 Hz 
Henzont.a1 tietrac~: ':.48 usee 
Vertlcal Retrace: 6DC usee 

VIces controller latch [741=374:U i B 1 2) latche~ the outputs a! horizontal anc venical decoo Ing 
P::;C:.'. 0:; th~ r!stng ed;;~ of (V.I-iCLK]. 

3.16.10. Horizon,tal State Machine 

Horizontal counter [74LS393'U1BiO] is ad':anced every ~O nsec wIth the falling edge of clock 
[V .HCLK]. HOrIZontal counter is reset wIth [V.HCLR) generated by video controller latch. 

Horizontal decode PROM [P9X 4'U 1 811) decodes horizontal counter inputs [V.HSO] through [V .HS6], 

plus venlcal blank [VSLt.NK] from t~e ve~lca! state macnrne. Ho~iz.ontal deCOde PriOM outputs are 
[V .HCLR, V.HSYNC. AND V.DISPEN). 

3.16.11. Horizontal State Machine Timing Diagram 

Signal State 

S TAT E + 1 0 0 0 0·0 0 0 0 0 0 1 1 1 1 1 1 2 2 :1 2 2 2 
012 3 456 7 890 2 3 456 789 0 1 2 345 

HCLK - - - - - - - - - - - - - - - - - - ---------------------------

DISFEN -------------------------------------------
HSYI,C --------------------------
flRESET 

3. 1 6. 1 2. Vert i c a 1St ate Mac h i n e 

Vertical counter [74lS393:U1813. U1814] is advanced on falling edge of horizontal sync [V.HSYNC]. 

Vertical counter is reset with [V.VClR] from video controller latch. 

Vertical decode PROM (P9X4:U1C1S) decodes vertical counter states [V.VSiATE1..7), the AND of 
[V.VSTATE8 .. 9]. and [V.VSTATE10). Venical decode PROM outputs are [V.VSYNC. V.CLR, V.VBlt.NK. AND 

V.RESeT]. The vertical decode PROM function IS defined in PROM A1S15. 

Sur l!·cro::·yster.1S Inc 
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3 . 1 6. 1 3 .. Vert i c a 1St at e Mac h in e Ti min 9 D i a g ram 

S'gna1 State 

SHTE+l 0 0 0 0 0 (j C 0 9 S S 9 9 9 9 9 9 9 9 9 9 9 9 9 9 S 9 S 
0 0 0 0 0 o 0 0 o 0 0 0 0 0 0 Q 0 0 1 1 1 1 1 3 ~ 3 3 ... '" 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 6 9 0 j 2 :3 4 e ... 5 e i 8 

- - - - - - - - - - - - - - - - - - - - - ---------------------------------
VSL~NK ----------------------------------.-----------------
VSYliC -------------------------------------
Vi\ESEi 

3.16.14. Video Interrupt Logic 

Intern.:pt flipflop (74F7 4:U1 803·') is set at the leading edge of [V.VBLANK) as long as in!errup~ 
enable [V.lNTEN] is enabled. 
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3.16.15. 'Video Clock and Shifter 

The' 00 Iv1Hz video clock [V .C. 101 that is generated by crysta: oscillator [K 11 141.:U' 800] IS bdfered 
by gate [74 F08:U 1 ses·o] and is then divided into a 50 MHz clock by flipflop [74Fl 1 2:U' 80 1 -0]. 

The video data [V.OO .. 7) is loaded into two 50 MHz shift register. [i4F194:U180S. U8l06}. one 
st1:!t1ng the odd and one the even, bits. res;:>ectlvely. A Pi)lr of odd and even bits [V.VIDO, V.VIO') 

tcge:her with 10 nanosecond clock [V.C.l0·] and 20 nanOSecond clock [V.C.20] is converted from TTL 
to EeL leve!s by converter [10H~2';::J18071 and drives the ,00 t.lH: shift register [10H'''1]. Sin:e both 
true and inverted data is loaded into. the shifter. differential output levels [VIDEO·. VIDEO.] are 
a .... 2:iable on its out;:Juts. T~e differentia: outouts are ter:rHnatec witt-, 390 Ohm res:S'ors p: R 1800. 

R.801] to [·SV] an.d are intended to drive dl.fterel1tial EeL termiOatec with an ImpedencE:: of iOG O~rrl. 

The timing is illustrated ir. the figure below. 

\:.C.l0 ----------------------------------------------------------------. 
V.C.lO ---- ------ --
v. C. ~o --------------------------------------------
V.ST.t.TEO ---------------------------------------------
V.DISPEN -- - --- -- -- - --- --- --- -- --- --------------------
V. LOAD -----------------------------------
V.LDEN ---------------- -------------------
V.LO -------------------------------
V. ELD 

V. ECLK -- -- .- -- -- -- -- .- -- -- -- -- -- -- -- ------------------
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pal t.ype pall 618 
pal:r:a.:!!e AlOl 
palid 1.24 84/07/31 

PALBEGIN 

·1 Input.s 

1 INPUT P. FCO 
2 IN?UT P.FC1 
3 INPUT P.FC2 
<4 IN'?'v"T SaOT-
S IN?tJT Q.AUTOV-
6 INPUT RD.PROM-
7 It-I'PUT Q.AS 
8 Ih'F"JT C. S7 
g INPUT PINg 
11 Hc'F"JT B. DT ACK 

10 G!D 
20 VCC 

I Out.put.s 

19 OUTPUT Q.MMU-
18 OUTPUT C. S7 AS 
17 Otrr?UT OE.PROM-
16 OUTPUT Q.SPECIAL-
16 OUTPUT Q. INTVEC-
14 OU7F'UT Q. VP A-
13 Ot.JTI'UT FC7-
12 OUTPUT SPwAIT-

ASSERT Q.MMU- S Funct10n code 3. MMU a.ccess. 
ENABLE ALWAYS 
OR / P.FC2 t P.rC1 t P.rCO t Q.AS 

J:::' - -:-"::- - C. ~7 I.S 
!:N )...E:":: J..l... A YS 
OR / C .S7 
OR I Q.AS 

ASSERT OE.PROK- I Boot and FC=6; Fetch 1nst. from EPROM. 
r:" .::...E ALWAYS 
OR P.FC2 t P.FC1 t I P.FCO t BOOT t Q.AS 
OR RD.PROK 

ASSERT 
ENABLE 
OR 
OR 

Q.SPECIAL- I Spec1al Cycle. Inh1bit CAS. 
ALWAYS 
P.rC1 t P.FCO 1 FC=7 or FC=3. INTA or ~u cycle. 
P.FC2 t P.FCl t / P.FCO a BOOT S BOOT cycle. 

• \.SSEJn Q. INTVEC- I VME interrupt acknovledge cycle . 
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ENABLE ALWAYS 
OR P.FC2 .t P.FCl .t P.FCO .t C.S7 .t I Q.AUTOV .t Q.J~ 

ASSERT Q.V?A- S Local interrupt ackno.lec1ge 
ENABLE ALWAYS 
OR P.FC2 .t P.FC1 .t P.FCO .t C.S7 .t Q.AUTOV ~ Q.AS 

ASSERT SPWAIT- S DTACK !o~ SPECIAL cycles. 
ENABLE ALWAYS 
OR P.FC2 .t P.FCl .t / P.FCO .t BOOT .t / C.S7 S Boot cycles 

S \'ME Vector OR P.FC2 .t P.rCI .t P.rCO .t / Q.AUTOV .t / B.CTACK 

cycle . 

OR . P.rC2 .t P.rC1 .t P.FCO.t Q.AUTOV S VPA cyclis. No DTACK. 

ASSERTrC7-
ENABLE ALWAYS 
OR P.FC2 .t P.FCI .t P.FCO 

TIMING: 
I 

NO-Cl..OCK 
12345678901234667890123466789012346678901234657890 

Q. !"JfJ
Q.AS 
P.FCO 
P.FC1 
P.FC2 
C.S7 
C.S7AS 
BOOT- . 
RD.PROM
OE.PROM
Q.S?ECIAL
Q.AUTOV
Q. INTVEC
Q. \7A
SPir'AIT
B.DTACK 
FC7-
PIN9 

PALEN':> 

------------------------
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pal ~1Pe pa1l6r" 
pa.lnue A102 
palld 1.15 84/07/30 

PALBEGIN 

2 IP-I'F"'UT Q.S?EC!AL-
3 :~"?UT CE.IO-
4 !N?UT Q.R/'J-
5 IN?i..'T S.O!".A-
6 Il-47UT POR1-
7 INPUT TC 20480-
8 INPUT S. RERUN-
9 INPUT TY?El 

1 CLOCK C-80-
10 GND 
11 OUTPUT-ENABLE OE-
20 VCC 

S Out.pu~s 

19 OUTPUT RD. 10-· 
18 OUTPUT WR.IO-
17 OUTPUT S.BERR-
16 OUTPUT S.HALT-
15 OUTPUT X.HALT-
14 OUTPUT INIT-
13 OUTPUT P .~.ALT-
12 OL'TPUT ?RESET-_. -

~UATIONS 

\/RITE Q.R/W' 
READ Q. R/\/-

ASSERT RO.10-
E..'\.t..E!...E J.':-'WAYS 
C? / s. D~.r. t C. S~::::J":" l; F.!:z..D 
OF. 1 S.:>~ ::. CE.:: t t.:::;.J 
OR 1 S. O!".A ~ TY?El t READ 
OR S.DMA t WRITE 

.C!-("'t~- \IlL 10-
.2Hr~!..E ALWAYS 
OR 1 S.DMA ~ WITE 
OR S.OMA a 1 CE.IO t 1 TYPE1 

ASSERT S.BERR-
OR S . RERUN 

ASSEitT S.HJJ..T-
OR S . RERUN 

~ DeUne \/RITE 
S OeUne READ 

S En a.b le dat.a bu!fers from IO.Dx->P.Dx 

~ ~J ~E.6:' cych 
,; riD !"ea.c. cycle 
I VME read cycle 
I DYMA loT1 ~e cycle 

S Enable da~a bu!fers from P.Dx->IO.Dx 

I MMU + I/O + VY.E loT1 ~e cycle 
~ READ S DYMA read cycle from P2-bus 

S Clocked out.put. Syncronlzed bus error 

S Clocked out.put. Syncron!Zed ta.l~. 



Oc~ 4 11:35 1984 AI03.pal Page 1 

pal t.ype pal1a18 
palnUe AI03 
pal1~ 1.16 84/07/31 

PAt.BEc:IN 

S Inpu~s 

1 Ih?UT Q. ERROR 
2 INPtTT Q. SPEC!AL-
3 INPUT C.SS 
4 H.Y .. rr Q. S7 
6 INPUT _.AS 
6 INPUT WR.?MAPOL-
7 IN?l1T Q.R/V-
8 INPl1T MOO 
g INPUT S.DMA-
11 INPUT S.BERR-
18 INPUT TIHEOUT-

10 (iNn 

20 VCC 

S Ou~put.s 

19 OUTPUT Q.BERRCT...K 
17 Ot.'TPUT Q.6ERR-
16 OUTPl1T Q.PARCLR-
16 OUTPl1T VR. STAT-
14 Ot.~UT VR.UPDATE-
13 ot.'TPl1T iiR.PMA?OX-
12 Ol1TPUT MOOl 

: WITE Q.R/V 

ASSERT Q.BERRCLK 
ENAELE ALVAYS 
"c? / ~.:e::RR 

OR S .D!'.A 
OR S.BERR 
OR / Q.AS 

ASSERT Q .BERR
ENABl..E ALVAYS 

I CO:!USilOg once '-' gone 

I Demorga:lze: . 
S Q.SERR a IS.O~~ a IS.BERR a Q.AS 

I Processor bus error 

OR Q.ERROR a C.SS a 1 Q.S7 a Q.AS a / Q.SPECIAL S Se~ only bt.~ CSS-QS7 
S Hold while Q.AS OR Q.BERR a Q.AS 

OR Q.BERR a 1 S.DMA a / Q.PARCLR 
OR S.BERR a C.S5 a Q.AS 
OR TIMEDl1T a C.SS a 1 Q.S7 a Q.AS 

ASSERT Q.PARCLR
£NABl..E Al}JAYS 
OR Q.BERR a 1 S.DMA a I Q.IS 

S Clear parerr at end of cycle 
I Rerun cycle 
I Handle ~lmeout on Q.SPECIAL 

I Pulse a~ end of Q.BERR 
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ASSERT WR. UP.DATE
ENABLE ALWAYS 
OR / Q.ERROR & C.S6 & / Q.S7 & j Q.SPECIAL 
OR WR.~A?OL & Q.SPECIAL & / Q.S7 

ASSERT ir'R. STAT
DiABLE ALWAYS 
OR / Q.ERRDR & C.S5 t / Q.S7 t / Q.SPECIAL 
OR ir'R . UPDJ.TE & / Q. SPECIAL 

ASSER7 ir'R.PMAPOX-
E.'i.A.3:...£ A:...'W AYS 
OR WR.P~~OL 1 Q.SPECIAL 
OR WR.UPDA7E t Q.SPECIAL 

ASSER7 MO:>l 
ENABLE 
OR 

ALWAYS 
/ !'!O:> & / WRITE 

S Wr strobe for pm~? nlbble 
S ... cont~lnlng acc/c~d blts 
S UpOa~e for norc~l cycles 
S Written by CPU 

S DE sta~ bl~6 to pea? entry 

I Turn-on qulckly 
S Turn-off 61o~ly 

I OE IO bus to p:ap entry 

STurn-on qu1ckly 
I Tur~-cf! slo~ly 

S Pea? page mo~1!le~ b1t 
S De-morganlze: HOD or ir'RITE 

S 
NO-CLOCK 

12345578901234557890i234567890i2~55789012~557890 

Q.AS 
C.S5 
I;.S7 
Q.EP.ROR 
Q.S?EC!AL
S.8ERR
S.DMA- .. 

TIME:OUT-

C; • SEP.RC:.K 
Q. BEP.R-.. 
Q.PARC1 .. R
WR.PMA.?OL
iriL UPDATE
WR .P!'.A?OX
\lR. STA.T-

MOD 
Q.R/ii
MODi 

PALEh":> 

----- .. 
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/* ThiS In!orma~lon proprletary ~ Sun Microsystems Inc */ 

/* ============--=============== 
* Author: Hodel-50 Group 
* Date March g. 1984 
* Prcm Name: AICS 
* PTo: Type: 1024 x 4. 
* Speed: 35 nsec. 
* Purpose: Interrupt level pr10rlty encQ~lng. VME has precedence. 

* 
• =--============--========= 

#1~c!~Oe ·/us~/loc.l/?l/pro=.c· 
Ide! ine ra.::ge Clo· •. x. h1gh) «lo.<=X)U(X<=h1gh» 

/* Det1ne lnputs ~ lK X 4 prom. */ 

Ide!' lne 
Ide!l.:!e 
#d e! iDe 
#de!iu 
#de!1De 
#deane 
#de!lne 
#de!lne 
'deane 
#de!l~e 

'd e1!ne 
#deane 
#de!'!ne 

cpu_intI (a.0) 
cpu_lnt2 (al) 
cpu_1nt.3 (a.2) 
cpu_1nt4 ! (a3) 
CpU_lDt,S ! (a.4) 
cpU_lnt,S ! (as) 
cpu_lnt7. (a.6) 
ne_lpl2 ! (a.7) 
ne_1pl1 !(a.8) 
-me_1plC ! (a9) 

vme lnt: -
ne 1nt,2 -ne lnt.3 

. ( ! vt:le _1?12 U 
( ! T:le _1p12 U 
( !ne _1p12 U 

#de!1Ile ne IntA , vme_lp12 U -'deUnt vme lnt,5 ( vme _lpl2 U -'de!l!:e me lnt.S ( me _lpl2 U -#de!1:!e ne Int,7 ( TIDe _lp12 .u -
/* Pe~!orm prlorlt.y encod1ng */ 
lntlevelO 
{ lnt level; 

level = 0; 
if (ne Int.1 /I cpu_ Int.O level = -11 (n. lntZ II cpu_lnt2) level = -if en. lnt3 II cpu_lnt3) leTel = -it (ne lntA II cpu_lntA) level = -1! Cvme lnt.S J J cpu_ 1n t,S) level = -11' (ne lnt.S II cpu""" lnt.S) level = - 1nt,7) level 1! Cne Int7 II cpu_ = 
ret.urn (level) ; 

} 

!vt:le_lpl1 
vi: .• _1pll 
vme_Ipl1 

!vmt_1pll 
!vme_1pl1 
me_lpl1 
nt_"pl1 

1 ; 
2; 
3; 
4; 
6; 
6· . -. I • 

U ne_lplO} 
U !T'IlIe 1p10) 
U ne)pIO) 
U.lne_lplC) 
U ",e_lpIO) 
U !vme_lpIO) 
U V1:Ie_lpIC) 

/* Lovest prIorlty */ 

/* Hlgbest. F~10rIt.y */ 
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/* Define Ou~pu~s */ 
.de!1Dt ipl2. 
_de!1ne lpll 
.define 11'10 

mainO 
{ 
pro:1024x4; 

pro1:begiIl 
Fro=(O.~O. !1plO) 
Fro=(O.~l. !1pll) 
~~c:(O#C:2, !1p:2) 
pro:: (0. <:3.1) 
protte~d; 

.~ite?ro=(·A105·.0); 
} 

(intlevelC) & OX04) 
(int1evelC) & Ox02) 
(intlevel() t OX01) /* lsb */ 
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palt,ype pal15lS 
p&lnue Al0S 
p&114 1.10 84/07/31 

PALEEGIN 

1 Ih'F'UT C.SS 
2 !N?~~ C.S7 
:3 rWu"7 C.S9 
4 .... - ..... .... ,:" ..... c::. :::Q-
6 Ih7U7 PINS 
6 Ih7l.i7 PINS 
7 lfo'?tJT Q .R/',J-
S Ih?~ P2.lr'A!7-
9 Ih'?1.TT P.AOl 
11 Ih'PU7 R .D!".AEN-

10 Gh"J 
20 vce 

I Out.put.s 

- Otrr?UT PIN19 
. - OUTPUT P na 8 
17 OtrrPUT PIN17 
1S OUTPUT PIN1S 
16 OUTPUT TO\r'AIT-
14 OtJT?trr IOIJA!T-
:3 OU1'?UT Q.BANKO 
:2 OL"7FUT Q.BANKl 

E.;~ATIONS 

: \r'RITE Q.R/lr' 

ASSERT TOWAIT
ENABLE JJ..lr' .... YS 
OR WRITE a P2,IJAIT 

S For ease of rea.ding 

S At. 10 MHz. 2 vait. I/O. 1 vait fr~e buffer. 
IOlr'AIT 10MHZ 
OR CE.IO a / C,S7 
OR / C.SS 

S At 12 MHz. 3 v&lt I/O. 2 _,it frame burrer. 
IOiiAIT I2MHZ 
OR CE.IO a / C.S9 
OR / C.S7 

ASSERT IOiiAIT
ENABLE ALWAYS 
IO\:.iAIT 10MHZ . -
ASSERT Q. BANKO 

S Initia.l prod~ct at 10 mhz 

S Select fIrst r~ bank 
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ENABI..E JJ..VAYS I De-morganlze: / P.AOl or R.DMAEN 
OR p.A01 t I R.DMAEN 

ASSERT Q. BANKl 
ENABLE JJ..VAYS 

I Select Seco:~ Ram B&uk 
I Oe-aorganlze: P.AOl or R.DMAEN 

OR / P.AOl t I R.DMAEN 

TIMING: 
I 
Q.R/V-
P2. ""'.:7-
TOiiAI!-

C.S5 
C.S7 
C.S9 
C:::.IO
IOWAIT-

P.AOl 
R. Dl't',Di
Q.BAA'KO 
Q.BANKl 

PINS 
PINe 
PIN19 
P!N18 
P!N17 
PIN16 

NO-CLOCK . 
12345678901234567890123468789012346678901234667890 

-. 

xx:x::x:x:::::r::x:o::xx:x:r:::c::xnx:x::x::::::::::::....:..:...:..::::::x:u:x::ot::X:::::::::c:n::x:x 
xx:::::rrxx::::c:::rx:::::::x::nx:x:x:::c::x:::: * * : : : * : : : :::::::::x::::x::::::::::::::::::x:x 
11111111111111111111111111111111111111111111111111 
11711111117111111111111111111111111111111?111711?? 
?111?111111111111111?111111111?1?1111?111111111111 
??1111??1??111???111???11111111?1??11?1?1????1?1f1 
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,* Th1s 1D!orma~lo~ propr1e~ary ~ SU~ K1crosys~.ms Ine -, 

,- ================================ 
- Au~bor: Kodel-SO Group 
- Da~e Karch g. 1984 
- Prom Name: A1604 and A160S' 
• Pro: Type: 32 x S . 
.. S?ee~: 35 nsee. 
• Purpose: V1deo Kemory S~a~. Maeb1nes 
* Tll:.!ng: 
.. Tbe v1deo s~a~e machl~es pertorm an op~1onal rea4 or .T1~e access 
• ~ ~be frame bu~!er memory follove~ by a v1deo update rea4 cycle. 
.. The baSic memory cycle consists of 16 sta~es: ~he s~ate macb1ne 
• 1s clocked every 40 Dsec an~. bence, repea~s every 640 Dsec . 

.. XRE~=O (No CP~ rea~/.Tlte access) -"------------------------------------------------------------------------
o 1 2 3 5 7 8 10 11 12 13 14 16 · ------------------------------------------------------------------------

- Clock 
• VOE\ 
.. RAS\ 

• RASO\ 
• CAS\ 
• G\ 
• .=:\ 
.. OEVR.A\ 
• OEVCA \ 
• O::?P.A\ 

", - .. PErCA\ 
.. HCLK 

• 0lP.E=
.. LOA:> 
.. L.I>O 
.. LDl 
• 

-------------------------------------------------------
-----~-------~-- --------------------------------........ --..,.",..,."..----

.. X?~;=! (~J reac/.T1te access) 

.. ------------------------------------------------------------------------
• S~ate o 1 2 3 4 6 7 8 10 11 12 13 14 16 · ------------------------------------------------------------------------
• Clock 
• VOE\ 
.. RAS\ 

~ L.:AS\ 

• Ci\ 
.\1\ 

• OEV"'nJ. \ 
• 'OEVCA\ 
• OE?RA\ 
• OE?CA\ 
• AO< 
• HC'....Y. 

-------- ----00000000111111112222222233333333444444~4SSSSSSSSS666556577177777 
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• DiREQ 
• LOAD 
.. LDO 

• LDl .. 
• ==========--======~============ 

'1nclud.e ·lusr/loca.l/pl/prom ."c· 
#~e!1ne range(lo •• x.hlgh) «lov<=X)U(%<=blgh» 

/* De!lne inputs to 32 % e proms */ 

#derine stateO (aO) 
#derine stat.l (a.l) 
#def1ne sta.t,2 (&2) 
'Oe!ine state3 (&3) 
'd.ef1ne XTeq (a~) 

,define nstatt nnstate() 
n!lstate 0 
{ 1nt state.%stat.; 

• 

state = (CVD (stat.eO) *d.O+cvb (state 1) *d.1 +evb (state2) *d2+cVD (st.ate3) *(3) ; 
xstate = ({stat.e + 1) S 16); 
return(%state); 

} 

#d e Un e ras ({D"eq U range (2. nst& tt • 6) )JL r&nge_CtO ,_ nsta t.e , H) ) 
#d.eHnt cas ({req urenge-(-5.nstatt.B}) t-I \ -

_____ (r_~!l~~(13,nst&te,15) II (nstate = 0» ) 
#deUnt g -- ----(-(D"eq -U r:;I!.set5_.Jl~;.a~~8)-) tI-'range(13,nstat.e,16» 
#deUne .t ___ .JJD"eq .u r?-~ge (3, nsta~t_.,...1_Q»)) _ 

.. - --.--
#def1ne pra. ra!lge( O.nsta.te, 3) 
#deUu pea range( 4,nstatt. 7) 
'deUne rra range( 8.nstate.l1) 
#deUDe Tea. ra.nge(12.nstate.16) 

.deUne aet (req u (nst.ate=9» 
#d.tUU hcn: rangt(O,nstatt.l) 
#deUnt load ({nsta,te I 2) =1,) 

'deane enreq (nstat8 == 0) 

1Ia,1:l () 

prombegln 
promeO.dO, (nstate~d.O» 
prolll(O,d.l, (nstate&cl1» 
P:-OlD (0, «:2, (nst.a te~d 2» 
pro=(O.d3. (nst.~t.ead3» 

pros (0. d.4. 'pra.) 
prom (0, d5. ! pca.) 
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prom (0. ~8, ! 1Ta) . 
prom (0, (57, ! yca) 

prom (1. dO, ! ras) 
prom (1, e11 , ! cas) 
prom (1 , 42, I g) 
prom (1 • d3, I ve) 
prom (1, dot, hclk) 
prom(l,d6, load) 
prom C1 , de, enrec; 
proc C1 ,c17, ack) 
promaDe!; 

~Tlteprom(·A1604·.0); 
~T1te?rom(·A1606·,1); 

} 
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pa1type pal18r" 
palnUt 1.1818 
pa11d 1.8 84/07/30 

PA1..BEGIN 

I Inputs 

2 INPUT V.BS1 
3 1H?"u'" V. BS2 

" 1N?'JT V. LOS-
E :h"?".:r V. tJ:)S-
6 1h1'"l.11' V. RAS-
7 1N?'JT V. \lE-
8 INPUT V.RCO-
9 Ih'?"VT V. S7Ar~ 
12 1~'?l1T V. DISPEN-

1 CLOCK CL.K 
10 Gh":> 
11 Otl"!'PUT - EJiABl.£ OE 
20 VCC 

S Outputs 
19 OUTPUT V. \lU-
18 OUT?UT V. \lL.-
17 OUTPUT V.RASO-
16 OUTPUT V.aASl-
16 OUTPUT V.aAS2-
14 OUTPUT V.RAS3-
13 OUTPUT V.CEN-

EQUATIONS 

VIDEO CYCLE V.STAr~ 

CPU CYCl..£ / V. ST Ar:.a 
S Cycle 1s for Y1~eo 
S Cycle 1s for CPU 

S Equat10ns ~ generate all v1deo RAM RAS strobes 

ASSERT V. aASO- S P.AS ba.nk 0 
OR V.RAS t / V. BS2 t / V.851 .t CPU CYCLE I CPU cycle to this bank 
OR V.RAS .t VIDEO CYCLE I VIdeo cycle run all ba.nks .. 

ASSERT V. aAS1- S aAS bank 1 
OR V.RAS t / V.BS2 t V.BS1 & CPU CYCLE 
OR V.RAS .t VIDEO_CYCLE 

ASSERT V.aAS2- S &AS ba.nk 2 
OR V.RAS.t V.BS2 t / V.BSl & CPU_CYCLE 
OR V.RAS & V!OEO CYCLE 

ASSERT V.RAS3- S &AS bank 3 
OR V.RAE & V.BS2 & V.BSl.t CPU CYC~ 
OR V.RAS t VIDEO CYCLE 
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p~lt.1Pe p~11818 

palnut\ A1620 
p~114 1.11 84/08/01 

PALBEGIN 

S Input.s 

1 INPUT V.BS::"-
2 Ih"?UT V. CS::..-
3 INPUT ?2.RD-
4 IN?"'",,'"!" ?2. \IElJ-
6 :J..'?tr: P2. W'EL-
6 Ih'?'JT V. V"I..-
7 IN?t1T P2.A17 
8 INPUT V.VU-
9 Ih7t..'T V.ACK 
11 INPUT Q.AS 

10 GJ\'D 
20 VCC 

19 OUTPUT V. RD-
18 OUTPUT V.ROC-
17 OUTPUT V. VLC 
16 OUTPUT V.WC 
16 OUTPUT V.REQ-
14 OUTPUT V.RDACK-
13 OUTPUT V.WAIT-
12 OUTPUT V~ 

ASSERT V.RD
tNAB!..E A!-'WAYS 
OR V.ESEL ~ P2.RD ~ .1 P2.A17 

ASSERT V.RDC
ENABLE ALWAYS 
OR V.BS~ t P2.RD ~ P2.A17 

ASSERT V. VUC 
ENABLE 
OR 
OR 
OR 
OR 

A!-WAYS 
/ V.BS::" 
/ Q.AS 
1 P2.A17 
/ P2. \r"EU 

ASSERT V. VLC 
ENABLE A:.-'WA YS 
OR / V.ESE!.. 
OR / Q.AS 
OR / P2.A17 

S N}~ OK. va gen bo~h V.REQ and V.REQ-

S E~able frame buffer read data to P2 

S Enable control reg read data to P2 

S Wrlt.e ~?per byt.e control reg 
S O.-morga~lz.: V.BSEL t AS ~ A17 ~ WEU 

S WrIte lo~er byte con~rol r-eg 
S De-morgan~ze: V.BS~ ~ AS t A17 ~ VEL 
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OR I P2.WEL 

ASSER7 V.REQ- I Frame bu!~er request 
ENABLE ALWAYS 
OR V.BSEL t Q.AS t / P2.A17 t P2.RD & / V.ACK & I V.ROACK 
OR V.BSEL t Q.AS t / P2.A17 t P2.VEU & I V.ACK 
OR V.BSEL & Q.AS & / P2.A17 & P2.WEL & I V.ACK 
OR V . CSEL & Q. AS & P2. \lEU & I V. AC<: 
OR V.CSEL t Q.AS a P2.VEL a I V.AC<: 
OR V.REQ a I V.AC<: I Hold til act 

ASSERT V. RDACK
£NABU: ALVA YS 
OR V.ACK t I V.\f~ t / V.W 
OR P2 . aD tV. ftDAC<: 

ASSERT V. WAIj
ENAE:..E ALVA YS 

S Used to bold ~eassertlon of V.VAIT 

S Set at en~ 0: read req 
S Hold t1ll RD gone 

I Inh!b1 t DTAC<: 

DR V.BSEL a P2.ftD & / P2.A17 t / V.RDACK S Set 021 R.D 
OR V.VAIT a P2.RD t / V.RDACK S Hold until V.ROACh 

S Set at en~ of .~!te 
S Hold till V.ACK 

DR I P2.vr-L & / P2 .• ~ t V.ftEQ 
OR V.VAIT & V.R~ t / V.ACK 

ASSERT VP-EQ 
ENABLE JJ,.VAYS 
DR V.REQ-

I Inverter 

TIMING: 
S 

NO-C"",OCK 
12345678901234567Sg01234S5789012346 

P2.RD
P2.WEl..- . 
P2.VElJ
Q.AS 
V.R~

VR~ 
V.ACK 
V.WAIT
V .P~ACl<
V.Wl..
V.\JU
V.BS::;"
V .CSEl..-

?2.A17 
V.RD
V.RDC-... - ,.. 

~. live 

---------- -

. -- ---- ----------
---- ---- -------------------------
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'1nclude ·/usr/local/pl/prom.c· 
'def!ne range(lo~.X.h1gh) «lov<=x)&&(x<=h1gh» 

I. Thls information proprietary to SUD M1crosystems Inc .1 

/- ======:===-:==== ----=:==---=== 
• Au~bor: Model-50 Group 
• Da~e Karch 9. 1984 
• Prom Name: Al811 
• Pro: Type: 612 X 4. 
• Spee~: 65 nsec. 
• Purpose: Vldeo hor1zontal state machlne. 
• T1ming: 
• 
• 1 Ho;1zoDtal sta~e = 84 pixel; 1 p1xel = 10 Dsec. 
• 
• 
• 

Range 
[S~a.t.e) 

Lngth 
[Sta.~e) 

Lngth T1me 
[Pixel) [usee) · -----------------------------------------------------------------

• ••• 1162 
• cycle 

x 900 D!spla.y 
00 .. 24 

'II •• 

25 1800 
• v1sible 
• inv1sble 
• frontporch 
• hSync 
• ba.ckporch 
• 'II •• 1024 X 
• cyele 
• vlsible 
• invlsble 

- -:!: -frontporch 
• tsy::c 
• backpcrcb 

00 .. 17 
18 .. 24 

18 .. 19 
20 ... 24 

18 
7 
0 
2 
S 

1024 D1splay 'II •• 

1162 
448 

0 
128 

- .320 

00 .. 24 25 1800 
OO .. lS '---18-"'-1162 
16 .• 24 .. -. 7 - 448 

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

16 . -. 16- - - - '1- - . &4-·-
17 .. 1S 
19 .. 24 

2 . 
-6 

128 
-38-4 

16.00 
11.52 
4.48 

0 
1.28 

· .. 3.20 

16.00 
11.62 
4.48 
0.64---' 
1.28 
3.~ ... 

HFTeq = e2.6 KHz 

HFreq = 62.5 KHz 

* ------------------------------------------------------------
-I 

1* Detiu Inputs. 'III 

1n~ reS_1152:900; 

~c!e!lt18 bO (1.0) 
'define h1 (1.1) 
'''tUne b2 Ca2) .. - .. aDe 1:3 CIo3) .. 
aJeUu b4 Ca.') 
.c1eUne 1:5 (as) 
'define b8 (&.6) 

::de!1ne b1 (a.7) 
#def1ne yblank CaB) 

#define s~a~. (ev~(bO)-~O + cvb(hl).dl + cvb(h2)-d2 + cvb(h3).d3 + \ 

cvb'b~)-44 + evb(h6)-d6 + evb(b5).d& + Cyb(b7)-d7 ) 
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'de!1ne nstate «state + 1) S 25) 

cUspen 0 
{ lnt d1spen: 

} 

1t (res 1152x900) { 
d1spen = (!vblank &t rang8(O,ns~at',17»; 

} else { 
dls?en = (!vblant &l range(O,nstate,15»; 

} 

ret.l:nC<:lspen); 

bSj12c 0 
{ 1nt. b~}"llc; 

} 

1f (reS_1152x900) { 
bsync = range(16,nst&te,19); 

} else { 
hs~c = rangeC17,nstate,18); 

} 

'de!lne breset (nst.ate -- 0) 
#deflne vclock (nstate -- 21) 

maln 0 
{ 

proc5!2:r:4; 

res 1152x900 = 1; 
prombegln 
prom(O,dO, bsync(» 
pro~(O,e1, dlspenC» 
prolli (0, d2 ,--! dlspen 0) 
pro~(0.d3. breset.) 
pro::end; 

res 1152r9CO = 0; 
procbeg1ll 
prom O. dO, bsync 0) 
pro:(l,dl, dlspen(» 
prom(l,d2,!d1spen(» 
prom(l,d3. breset) 
procend; 

vrltepromC 8 A1811 a ,O); 
~1~~-~olD(·A1811 1C24 8 ,1); 
}. -
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static char. sccS_ld = -1.10 84/08/20·; 

'Include -/usr/local/pl/proa.c • 
• deflne rangeClov,z,hlgh) «lov<=Z)&aCZ<=hlgh» 

,* Thls Information proprietary to Sun Mlcrosysteas Inc *' 
,. =============== ======= 

• Author: Model-60 Group 
• Date: March 9, 1984 
• Prom Name: A1816 
• Prom Type: 612 Z 4. 
• Speed: 66 nsec. 
• Purpose: Video vertical state aachlnl 
• 
• 1 states = 1 line = 18.00 usec (62.60 KHz) 
• • • 

Range 
[Lines] 

Length Time 
[LiDes] [usec] · ------------------------------------------------------------• ••• 1162%900 Display ••• 

• cycle 000 .. 938 937 
• vis1ble 000 .. 899 900 
• tnT1sble 900 .. 938 37 
• frontporch 0 
• vsync 900 .. 909 10 
• bactporcb 910 .. 938 27 
• ••• 1024xl024 Display ••• 
• cycle 000 .. 1080 1081 
• visible 000 .. 1023 1024 
.luvlsble 1024 .. 1060 37 
• froDtporcb 0 
• ·vsync 1024 .. 1033 10 
• backporcb 1034 .. 1060 27 

14992 
14400 

692 
o 

180 
432 

18978 
18384 

692 
o 

160 
432 

88.70 Hz 

68.91 Hz 

· ~-----------------------------------------------------------
*' 

tnt reS_1162%900; 

,* DefiDe Inputs to prom ., 
'deUne vO 0 
'define vi (a1) 
.define 1"2 (&2) 
'define Y3 (&3) 
· I/o ~._ :! ':! '14 (a4) ' .. ~ 

IdU1n. v6 (&6) 
'cSeUu v8 (&8) 
'daUne Y7 (a7) 
'defiu Y8 (&8) 
'deUu yg (&8) 
l~eUllt v10 (aO) 
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cvb(v4)*44 + cvb(vG)*45 + cvb(ve)*4e + cvb(YT)*d7 + \ 
cvb(YS)*48 + cvb(yg)*49 + cvb(vl0)*410), 

vsyncO 
{ 1nt ysyne; 

) 

1f (res 1162:900) { 
vsync = range(900.11nt.909); 

) els. { 
vsyne = rangt(1024.11n •• l033); 

} 

return (vsyne) ; 

vb 1 ani: 0 
{ int. vblank; 

} 

1t (res 1152:900) { 
vblank = (11ne >= 900); 

) else { 
vblank = (11ne >= 1024); 

} 

rreset.O 
{ 1llt. rreset.; 

) 

{ 

1f (res 1162x900) { 
rreset. = (11ne >= 936); 

} else { 
vreset = (lIne >= 1060); 

) 

ret.ur: (vreset.) ; 

pro:S12x4; 

r!s 1162%900 = 1; 
prc:beg1ll 
pro:(C.dO. vsync(» 
prom(O,dl. !vreset(» 
promCO.d2. vblank(» 
pTom(0.~3, vreset(» 
pro:l8nd; 

res 1152X900 = 0; 
prombl>[in 
,~..:'m(l,dO, YSJ1lcO) 
prom(l,dl,lvreset.(» 
pTom(1.~2, vblank(») 
promCl.d3. vreset.(» 
promend; 

\7!t.epromC a A1S16 a ,O); 
\Tlt.epromC a A1S,6_1C24 a ,1); 
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pa.ltyp. pa.116r8 
t)&lna.me A214 
p.l1d 1.3e 84/08/25 

PALBEG!N 

S IDpt:ts 

2 IN?tJ! S.RREQ-
3 !N?U7 S.E?~-

" !h"?tiT S.X?'~-
5 Ilt"?UT S.EHO:...D 
e :r.?.:7 ?BG-
7 I NPt:j S.ASIN 
8 !~?,J-r S.ERR-
9 IN?'J7 Q.S7 

1 C .... OCK eLK 
10 G!\'D 
11 OU7?t,'T-ENAELE OE-
20 V,.,.. 

"'-

S Outputs 

19 OUTPtJ'T R . Dt'.AEN-
18 OUTF'UT E.DMAEN-
17 OUTPUT X. Dt'.AEN-
16 OUTPUT E.CUl-
16 OUTF'UT S. DMA-
14 OUTPUT S.ASOFF-
13 OUTPUT P!N13-
12 mrrpUT S.ER-

~UATIONS 

IDLE I R.DMAEN t I E.DMAEN t I X.D~~EN 

S NOD-contigous DVMA 
G~'Tl P.BG t / S.ASIN t IDLE t S.BR t I S.ERR 

S Sacc-to-Back DVt'~ (Last sta~. OD current DMAEN cycle) 
GRANT 2 P.SG t S.ASIN t S.ASOFF t S.DMA & S.BR t I S.ERR 

ASSERT S.BR-
OR I P.BG & S.RREQ S Set 
OR / P.SG & S.ER~ t S.EHOLD S Set 
OR I P.BG & S.XR.EQ S Set 
_." S . BR & S. RP.EQ S Hold. PeDding 
OR S.BR & S.£HOLD t / R.DMAEN S Hold. Pending 

S.RREQ 
S.EHOLD 

OR S .BR & S .X?..EQ S Hold. PendlIlg S.~ 
OR S.BR & R.Dt'~EN t I S.ASIN S Hold vh11e F..DMAEN 
OR S . BF. & S. Dl".A t I R.Dl"..AEN t / Q.S7 S Hold vhlle E.Dl"~ &nd 

ASS~T R. DMAEN- S Refresb ~vm& 
OR S. RP.,EQ & GRANTl 
OR S . R?.E.Q .t GPJ.N'!'2 

IF. .DMAE..l.l 

X .D~..AE.N 
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OR 
OR 
OR 

R.DMAEN a S.DMA a I S.ASOFF 
R.D~~ a S.DHA a / S.ASIN 
S.DKA a / S.ASOFF a I E.DKAEN a I X.DKAEH S 08&1 v1th S.DKA on POR 

ASSERT 
OR 

E.D!fu:N- S Ethernet dna 

OR 
OR 
OR 

ASSERT 
OR 
OR 
OR 
OR 

S.EREQ l S.EHOLD l I S.RP.EQ & GRANT1 
S.EREQ l S.£HOLD & / S.RREQ & GRANT2 
E.DMAEN l S.DKA l I S.ASOFF 
E.DMAEN l S.DKA l I S:ASIN 

X.Dl'tAEN-
S.X?!:; l / S .P.REQ l I S . ERE:Q & GRANT 1 
S.XR~ t I S . F.P-E; .t / 5 . E?~ l GP.AJ-rr2 
X.D~~ & S.DMA & I S.ASOF'F 
X.D~_~ t S.DMA t I S.ASIN 

ASSERT S.DMA- S R.D~~ or E.DMA£S or X.DMAEN 
OR S .RREQ t GRAh"!1 S Refresh tt:rnons 
OR S.RREQ l GRA~"!2 

OR S.ERE~ t S.EHOLD t I S.RREQ l GRA.~1 S Ethernet turnons 
C~ S.E?~; t S.E~~LD & I S.RRE; t GPJ~72 

CPO S.XREQ t I S.RREQ t I S.E?oE; t GRANT1 S VME turnons 
OR S,XREQ t I S.R~ t I S.EREQ t GRANT2 
OR S.DMA t I S.ASOfF 
OR S.DMA t I S.ASIN 

ASSERT'S . ASOF'F-
OR R.DMAEN & S.ASIN 
OR· . -···S-:DKA l Q.S7 t S.ASIN 
OR S.E:RR 

S Asse"t E.~_R to clear Ethe"net request f11pflop. 
ASSER':' E.CLR-
OR S.ERE~ t E.D~ & / S.ASIN 

TH!!NG: 
S 1122334455557788990011223344556677889900112233445566778899001122 
C~K 

P.5G
S.ER
S.RR~

S.EREQ
S.::HOL:> 
S.XR~-

S.ASOfF
S.AS!N 
~.S7 
X.DM..&..EN
E.DMAEJi
R.DKA.E:H-

S.DMA
E.CLR
S. E:R..~
OE-

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---------------------------------
1---- ----------

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

? ---

??1--------------------___ ------_____ -----------------------
111-------------- ------------------ -------------------- -----111----

111----

1------------------ ---------------------- -------------------
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PIN13-

PA~~ 

TTY???????????????????????????????????????????????????TTY??????? 
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pal ~1Pe pal una 
pal name Aaoo 
pal1~ 1.11 84/07/30 

PALB£GIN 

I Inputs 

1 n'?U7 R.O!,.AE.N-
2 IN?'.:7 £ . D~'}.£.l.l-
3 n.'?'..t!' X. OMAEN-
-4 :!-.'?"w": ;.R/'J-
6 IN?"VT S.OMA-
! IN?'","7 S.ASOFF-
7 Ih7J7 S.ASON-
8 IN?U"7 £.11.0 
~ n~'?",,"7 X .1.1'S-
11 I~'?" ... 'T X. UDS-

10 G~,,:) 

20 vce 

I Outputs 

19 OUTPt.:7 £. \IE 
18 otn:?trr £.0£-
17 Otl'TPi..'T P.rCO 
16 OUT?trT P.rC1 
16 OUT?t..7 P.FC2 
H Ot.'TPL"T P .AS-
13 Ct,r:7t~ P.UDS-
12 Ot1!?L"T ?L.DS-

: .'RITE Q. Pol" 

ASSERT 
£NAE~E 
OR 
OR 
OR 
OR 

E..WE 
~WAYS 

I E.DMAEN 
I S.ASON 
S.ASOFF 
WRITE 

ASSERT E.OE
ENABLE. JJ..'WA,(S 
OR E.O~.AE.N • I S.ASOFF • WRITE 

I Funct10n codes 
S R.DMAEN: 
S £ . D!'.A.EN : 
I X.DMAEN: 

AS~E:P.T P. FCO 
0iA3:...E S . O~.A 

for OV!1A cycles: 
FC=7. CPU space. 
FC=5. Superv1sor data. 
FC=5. Superv1sor data. 

I Refresh O~~ eDable 
I Ethernet OMA enable 
I VKE (eXte~nal) OMA enable 
I Ru~ or \IT 1 t.e 

S Demorgan1ze: 
I E.O~~ ~ S.ASON t / S.ASOFF • / WRITE 
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OR NEVER 

ASS::F.7 P.FC.l 
ENAB!..E S.DKA 
OR / R.DMAE.N 

ASSERT ?FC2 
ENAB1..E S.DKA 
OR h"E:\'ER 

ASS::F.! P.AS- S Ad~ress strobe ter DVKA cycles 
ESAS:"':: S.DKA 
OR S.ASON t / S.ASOFF 

ASSERT P.UDS- S Dat.a st.robes ter D~~ cycles 
DiAB1..E S .DKA c. 

OR E.DMAEN t / E.AO t S.ASON t / S.ASOFF 
OR X.OMAEN t X.UDS t S.ASON t / S.ASOFF 

ASSER7 P .LDS-
ENABi..E 
OR 
OR 

TIMING: 
S 
Q.Rr.
S.ASON
S.ASOf'F
E.D!".J.EN
E.VE 
E.O£-

R.DMAEN
S.D!".A
P.rCO 
P.FCl 
P.FC2 
P.,\5-

t.AO 
X.OHA£N
X.UDS
X.LOS
P.UDS
P.LDS-

S .D~.A 
E. Dl"'_A.EN & S. ASON .t / S. ASOFF 
X.DMAEN t X.LOS t S.ASON & / S.ASOFF 

NO-CLOCK 
12345678901234567890123466789012345678901234567890 

--------------------------------x:x:::::*::::::x:x 
xxxx::x:::::::xx:x 

--------------------------------XLL::*:**::,:XXX%~ 
------ ------ ------ --X:**::"XX::::XXXX - -

--------- -------- ------ -----------xx:x:*x*,*xxxXXX%% - - ------- ------- ----------XXXXXXXXXXXXLXXXXX -
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pa.lt.ype pal16r4 
p&l:lUle A607 
p~lld 1.18 84/08/01 

PALBEGIN 

S Input.s 

2 Ih1'UT W'R. DC?-
3 I1-.7UT C-1S0 
~ ni?",;",T C-320 
5 nt'?:JT C. S9 
6 Ih1't..-:- P. AO 1 
7 n~7~ RD. DC?-
8 INPUT C. S6 
9 Ih'?UT C-80-

1 CLOCK C"TJe 
11 OUT?tJT-ENAELE OE-

20 VCC 

I OU~Ftl~S 

19 OL'T?tJT MAS-
18 OUTPv"T D.START-
17 OL'TPtJ'T D. Eh'D-
15 OUTPUT T150-
15 OUTPUT T240-
14 OUT?tJ'T WAIT-
13 OUTPUT MDS-
12 .Ot11?t.rr P2 .... AIT-

~UATIONS 

I Wrlt.e st.~obe fro= I/O decoders 

I Address st.robe t.o DES cbIp 

ASS~R! ~~S- S-DC? ~ddr st.robe. Unclocked. 
DtAELE Al.WA YS 
OR P.A01 t VR.Dc? ~ / C.S9 

.t.SSER! D .STAR'I- I DC? da.t.a st.robe. Unclocked. 
ENABLE ALWAYS 
OR / P.AOl tRD.DC? t / C.S9 
OR / P.AOl & w~.DCP t / C.S9 & C.S6 
OR D.START t / T240 

ASSERT D.END- I DC? da.t.a st.robe. Clocked. 
OR O.S!ART & / T240 

ASSERT T150- S Int.ernal clocke~ edge 
OR D.END & C.S9 & / C-320 & C-160 
OR 7160 t / T240 

ASSERT 7240- I Int.ernal clocked edge 
OR 1"160 
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ASSERT WAIT- I Clocked 
OR D.START ~ RO.DC? a / D.ENO a I T160 ~ / T240 
OR D.START a RO.DC? a I C.S9 a / T160 ~ / T240 
OR D.START a RO.DC? a C-320 a I T160 ~ / T240 
OR D.START ~ RD.OCP ~ I C-160 ~ I T160 ~ / T240 
OR D.START ~ WR.DCP ~ / T240 

ASSE.'I\T MDS- S Ac~ual data strobe ~ Chip 
ENABLE ALWAYS 
OR D.START 
OR D .Eh'D 
OR MDS ~ / C-80 • 

ASSERT P2.WAIT- S Open-collec~r WA!T 
ENAB~ WAIT 
OR 

TI!'!ING: 
I 
CLK 
C-80-
C-HlO 
C-320 
C.S6 
C.S9 
P.AOl 
MAS-
WR .DCP
RD.DC?
WAIT
P2.WAIT
ILSTART
D.P."D
MDS
T160-
T240-
OE-

PALEND 

WAIT 

11223344556677889900112233445556778899C01122334~5565778899001122 

????????? 
?????????=============~xx~xc:axa:a:~XXL:~~·C •. O:O:~=~~~~~~~~~~~11~X~:X'~:~xr:xx~cr.~ 
???????? ----------------- ----------
????????-?----------- ------------------------------.......... -------
??????7? ------------ ----------------------- -------------
??7---------------- ---------------------------- ---------
??777---------------- ---------------------------- -------
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pa.l~1Pe p&11518 
palname A8l0 
palld 1.42 84/10/04 

PALBE:GIN 

S I::puts 

1 IN?".;"T RD .P1-
2 Ih"?UT VR .P1-
3 I N?tr. B. AEN-

" !~"?:."! E. 7::3-
6 IN?~T X. Ol".A-
6 Ih"?UT P. P.ES::7-
7 INPUT X.OMAEN-
8 Ih1'UT Pl. WRITE-
S INPUT C.S4-
11 IN?UT Q. Ih'TVEC-
13 INP'JT P.R/'J-

10 GJ.."':> 
20 vce 

1 9 OU"I'FUT \'ME. OilEN-
18 O~7PUT B.BSEL-
17 OUTPUT B.RERUN-
16 OUTPUT B.FR£EZE-
15 OUTPUT VME.OOE-
14 0~7P'JT XHO~-

12 OUTPUT VME.OIE-

ASSERT B. BSEl.
ENASU: JaJ....AYS 
OR RD.P1 t I X.OMAEN 
OR VR . P1 t I X. OMAEN 
OR Q • INTV'"'":.C & I X. OMA!N 
OR B.eSEl. & C.S4 
OR B.SSE:!.. t B.FR~ZE 

ASSERT a. rREEZE
DiABLE ALVAYS 

I Read cycle 
I Vr1 t.. cycle 
S VM! 1n~errupt ackno.ledge cycle 
S Hold during read-modlfY-~Tlte cycles 
S Hol~ dur1ng any rerun condi~1cn 

OR B.RERUN t I X.OMAEN t I P.RESET S Se~ 
OR B.F?~E a I C.S4 a I P.REStT S Ho14 S~a.rtl~g on RERUN turn-cf! 
OR a.FREEZE t I RO.P1 t I VR.Pl t I Q.lhiVEC a I P.RES£! 
OR a.FREEZE t X.Dl"~ t I P.RESET 

ASSERT B. RERUN
DiABt.:: ALWAYS 
OR B.T03 
OR' RO.P1 t X.DMA t / )(HOLD 
OR VR . P 1 a X. DMA t / )(HOLD 

S 2.6 usee sbor~ ~lmeou~ 
S Bus deadlock 
I Bus dt&dlock 
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OR 
OR 

Q. INTVEC a X. DMA a I XHOLD 
B.RERUN a c.s" 

ASSERT XHO!..I>
ENABLE ALWAYS 
OR X.DMAEN 
OR XP.:JLD t X .DMA 
OR XHOLD a B. FREEZE 

ASS£?7 YXE.DWEN
E:.~ABLE ALWAYS 

S Bus dea.dloct 
S Hold unt1l CPU accepts Rerun. 

S Set 
S Hol~ till end of XD~\ 
S Or Hold t1ll rerun cycle 

OR C . S4 & I X. DMA & lB. FREEZE & I 'B. BSEl. 
OR C.S4 t I X.D~~ t X?:~D 

OR C.S4 t X.D~~ 

ASSER7 VME.DOE
£NAB:"':: ALWAYS 

S Enable output ~ata to VMZ 

OR B.AEN t I X.D~~ t I P.R/W- & C.S4 S Set on CPU .T1te. 
OR B.AEN t PI.WRITE t B.fR~iE S Hold dur1ng CPU rerun 
OR X .DMA t I P1. \/RITE S DVMA read 

ASSERT YME.DIE
ENAB!..E ALWAYS 
OR RD.P1 
OR Q. I!''TVEC 

S Enable 1np~t data from VME 

OR X.DMAEN & I P.R/W-

TIMING: NO-CLOCK 
S 1234667890123456789012345678901234557 

P.RES~- ------------------------------------
B.T03- ----------------- -------------------

B.BSEL- -------
B.FR~7E

B. REP.:JN
R1).Pl-
IJR .Pl-
Q. !NTVEC
C.S4-

XHOLD
X.DMA-

B.A.EN
X.DMAEN
PI.1JRITE
P.R/W-

\'ME . D\r'EN
VME.DOE
VME.DIE-

PALEND 

--- -------

------ ---------- ~--- ---
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I_ Th1s lnfo!'1Dat10n propr1etary to S':ln Klc:-osystems, Inc .1 

la ================= 
• Author: Hodel-SO Group 
• Date Harch 9, 1984 
• Prom Name: AS11 
* PTom Type: 1024 % 4. 
• Speed: 2S nsec. 
• Purpose: VME-Sus Arb1te:- and Haster funet10ns 
a Ti::ing: 
• The a:-b1t:-atlon state mach1ne supports the CPU as e1tbe:- tbe Arb1ter, 
a & ~e:-. eus Master, 0:- Bot~. The sta~. mach1ne supports ove:-lapped 
• data transfers and bus arb1tratlon. If ve are tbe bus arb1ter ~d 
.. no one ~a:ts the bus and tbe bus 1s not busy tben ve v111 valt 1~ 
- e~s Master Sta~. under the ass':lmptlon tbat the next bus transfe:- .111 
• be from tbe CPU to the VME-Bus. L1kev1se, If are th. current bus 
• master, ve v111 rema1n 1n B-:ls Master State unt11 someone specif1cally 
.. req~ests the b~s. These steps remove a:-blt:-atlon ove:-head on C?J ~ 
.. VME accesses and do not slo. bus arbitration on requests by otber 
• bus masters. 
• 
• 
• 
• 

The arbl tration 
IDLE 

state mach1ne has 9 potentlal states. These states are: 

• 
• 
• 
• 
• 
• 
• 
* 

BUSR~ 

VAITFORBUS 
VAITREQ 
BUS GRANT 
MASTER_RErC 
!".AS TEP. 
MASTER NB 
MASTER G 

Bus ln use bl &no~ber master 
Ve are issuing a bus request 
Ne%t bus cycle 1s ours. Valt for deassert10n of AS. 
·Ne%t bus-cycle 1s: ours. Hold -bus request one mo:-e state. 
Ve are 1ssulng a bus grant out. 
_Vejus~ became ~us master ,after assert1ng bus request. 
Ve are bus master asserting bus busy. 
Ve are b,us master no;. __ a~_se:-t1ng bus busy. 
·~e~·-'trrJ:~us -master:.~sser.t1ng· bus grant out. 

• ======================================== 

#1~clude a/usr/local/pl/prom.c· 
#deflne :-ange(lo_,%,hlgt) «10v<=x)~(:<=b1gh» 

/. Oe!lne 1nputs to lK % 4 Prom. al 
#de!1ne bgout ! (aO) 
#Oe!1u bbout ! (al) 
#define br-out I (a2) 
#def1ne aen !(a3) 
#de!1ne bbln I (a.t) 
#d.f::le bra I (a6) 
.~er1ne as ! (8.6) 
#deflne sel I (a7) 
#def1ne Dga ' I (a8) 
;to etine arD 1(1.9) 

/- Define Bus Busy. ·DD1~· sup?,essed ex~er-nally 1f ·bbou~· assert.~. -I 
/- Preve:~s transit10n fro: ~~TER to ~JSGRAh7 ~ IDLE on o~r o.~ ·bbou~· . • j 
#der1ne busy (bb1n I I bbo~t) 
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/_ Def1ne But Req. -br1n- suppressed e~ernally if -brout- asserted. -/ 
/_ Prevents trans1t10n from BUS~ to ~JU)tER to KASTER_G on our own -brout-. */ 
.def1ne breq (br1D II bront) 

/- Define potentlal stat.es -/ 

.define IDLE (Ibgout at Ibbout .U Ibrout ~ !aen) 

.de!!.ne BUSREQ (Ibgout ~ Ibbont aa bront ~ laeD) 

.define WAITFOPJ3US (Ibgont. at bbout. a& 'brout .t& laen) 

.d. flu WAI~ (Ibgout. U bbout .ta brollt. .t.t laen) 
#de!l!18 !'IASTER_REQ (!bgout at bbon't a& brout &a .. en) 
#C:e~!:le ~J .. S,~. (!bgou: U bbo01: tt ! b:-o t: t. .tJ: I.e::) 

.l1e!lne MASn::R NS (!l>gout &a !bbout. at !brout. U aen) 

.deane ~.A.STER G ( l>gout U !l>l>out at Ibrout. &a aen) 

.deUne BUSGF.ANT ( bgout U !bbout I:t Ibrout .ta ! aen) 

/- DeUne state tra.:sltlons -/ 

n IDLE 0 -{ 1 .. • 
__ w 

\"al~e; 

value = 
value 1= 
'f'alue 1= 
n.lue 1= 
'f'alue 1= 
'f'alue 1= 
value 1= 
va.1ue t= 
return(value); 

) 

D BUSP.EQO 
{- lIl"C n.lue; 

} 

value = 
-val ue 1= 
value 1= 
'f'alue 1= 
va.lue 1= 
value 1= 
value 1= 
'f'alue 1= 
return(va.lue); 

11_ \lAITFORSUS 0 

} 

value ; 
'f'alue = 
value 1= 
value 1= 
va.lue 1= 
value 1= 
value 1= 
ret.urn (value) ; 

arb 
arl> 
arl> 
arb 

tarb 
larl> 
!arb 
'arb 

tI: IDLE aa (busy at !sel); 
at IDLE at (!busy U !se1 aa !breq aa as); 
U BUSGRANT U (busy U !sel); 
U BUSGRANT &a (!busy at !breq); /* E..'"":"or */ 
aa IDLE aa (Isel at Ibg1n); 
U !'lASTER aa (! sel aa ! l>gin aa bre q) ; 
tI: !'IASTER_NB at (!sel a& IbglIl); 
aa BUSGRAN'! .t& (Isel aa Ibg1n); 

arb U IDLE at (busy at sell; 
arb -&:1: B'JSREQ· U -'(busy)";: - . 
arb &l: B'JSGRAhi &a (busy &a sell; 

larb ~ IDLE a& (busy at sel ~ bg1n); 
larb &a IDLE aa (sel aa !bgln); 
!arb .ta B'JSREQ &t (~~sy); 
tarb tI: B'JSREQ aa (lbg1n); 
I arb && BUSGRANT && (sel &a ! bgin) ; 

arb &a IDLE aa (f b~sy aa se 1 &a as); 
arb at WAITF'ORBUS U (as); 
arb ~ WAITREQ &a (as); 

tarb &a IDLE tt (!busy U sel U as 1:& bgln); 
I arb U WAITF'ORBUS U (8.5); 
t arb U WAITREQ .u (as); 
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II WAITREQO 
{- lnt nlue; 

} 

Yalu. = 
Yalue 1= 
retun (v .. lue) ; 

n KASlt.R _ REQ 0 
{- lnt nlue; 

} 

II -{ 

} 

v .. lue = 
va.l U8 1= 
ret.urn (va.l ue) ; 

!'.AS'TERO 
lnt. value; 

va.lue = 
value 1= 
va.lue 1= 
value = 
value = 
va.lue = 
value = 
",alu. = 
value = 
value = 
value = 
value = 
value = 
value = 
value = 
value = 
return (value) ; 

r. !' .ASTER Pte 0 
{- 1nt value; 

; 

value = 
",alue 1= 
return (va.lue) ; 

n MASTER GO 
C ~~t value; 

} 

value = 
value 1= 
value 1= 
value 1= 
return (value) ; 

D S"JSGRAh'T 0 
{- lIlt. value; 

value = 
va.111e 1= 
value 1= 

arb &:.t BUSREQ &:.t (I busy &:.t as); 
l&rb .t& BUS~ .t& (!busy .u as a:a: bg1n); 

arb tt BUSREQ A:.t (I busy .u 'as); 
I arb t.t B'JS~ .t& (I busy U I as U bgln); 

arb tt IDLE tt (!sel tt !busy tt !breq tt las); 
a.rb tt IDLE .tt (sel &.t !busy &.t !as); 
a.rb &.t WA!TF'ORB'JS &.t (' as) ; 
arb U WAIT'REQ a:.t (! as) ; 
a.~b &: ~.AS~~~_R~; 
a.rb U KAS'TER U (s.l U !br'q); 
arb U ~.ASTE:R a:.t '(sel U breq .tt !as); 
a.rb tt KASTER &.t (!sel &.t !breq); 

!a.rb U IDLE .tt (sel &.t !busy tt las ~ bgln); 
I arb U WAITFORBUS &.t (! as) ; 
I arb U VAITREQ .t& (I as) ; 
'arb U KASTER ~; 
larb U MAST£R"":&.t (sel &.t !breq); 
I arb U KASTER U (sel U breq tt I as) ; 
!arb tt KASTER U (lsel &.t !breq); 
!arb tt I".ASl~~ &.t (bglr.); 

larb tt ~.ASTEF..tt (sel .t.t !bgln U breq a:t as); 
'a.rb U MASTER_NS .tt (sel U !bgln); 

arb U MASTER &.t (sel t.t breq tt as); 
a.rb a:.t MASTER_G a:.t (sel); 

I arb U I".AS'!'ER_NS a:.t (sel .u bgln); 
larb t.t MASTER_G &:.t (sel); 

a.rb tt IDLE.tt (fsel .tt !busy tt br.~); 
a.rb U MASTER &.t (! se 1 U br'q) ; 
lorD U KASTER C U (!sel); 
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} 

ya.11:Ie t= 
ya.llle t= 
Ya.lllt 1= 
yallle 1= 
value 1= 
ret'aMl (va.lue) ; 

,. Def1ne nev outputs ., 

arb .tot BUSGRAHT U (! busy at breq); 
Jarb .tot IDLE .t.t (Isel at bg1n); 
! arb &:& tI.Asn:R _HEat (I sel at bg1n); 
I a.rb .t.t KASTER G .t.t (ls81); 
I arb .t.t BUSGRAHT .t.t (bgl n) ; 

.CSe!1t1e n_bgout 
#de!!!!. n ":lbo'llt. 
#~e!!.:le n bro';':. 
#dera. n aet 

(n KAS7ER GO II n BUSGRAHT 0) 
(tI-WAITF'ORB'JS() II-n VAI'I'REQO ,-, n K.a.S'rER REQO II n KASTE:RO) 
(Il - B:':S?,~ 0 I I tI VA:TP.::Q 0 fit _!,,_'.?ER _ RE: ~)) -
(n )!ASn::R _REQ 0 Tin _P'.AS!'ER 0 " :UoUSTER _h'E 0 I I 11_ MASTER _ G OJ 

ma1nO 
{ 

prO!%l1024x4; 

prombegln 

pro!%l(O.~O.ln_bgout.) 

prOC(C.~l.!n_bbout) 
prom(O.d2.ln_brout) 
pro:(O.d3.!n_aen) 

promenCS; 

VT1teprom(·A811~.O); 
} 
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pa.l type pa.116l8 
pa.lna.me AS14 
pa.11d 1.10 84/10/04 

PALBEGIN 

S Inputs 

1 I ~"F't" "T B.C1 
2 IN?tJT B.C3-
3 INF' ... "T Q.RAS 
4 He'?""" tL X3SY-
6 I~,?"IJT B. B30~"'T-
6 INPl,'7 B .BROvi"-
1 INPU7 Pl.BRO-
8 INPUT Pl. BR 1-
9 Ih'?"J! Pl.BR2-
11 INPUT P1.BR3-
16 IN?t.'T B.BR!N-
17 !N?"",'T Pl.SYS?-

10 G~-.:l 

20 VCC 

19 OUTPUT B.T03-
18 N07USED 
16 CUT?trr B. SYSR 
14 NOTJSED 
13 Ol>'T?tJT B.EBSY-
12 OUTPUT B.ER-

ASSERT B. T03-
EKAB!..E ALwAYS 
OR B.C3 t B.Cl 

ASSERT E. SYSR 
ENAELE Al..WA YS 
OR Pi.SYSR-

ASSERT B.BBSY-
ENABLE ALWAYS 
OR B.XESY t / B.BBOUT 

ASSERT B.BR-
ENABLE ALWAYS 
OR Pi.BRO .t / B.BROUT 
OR Pl. BRI & / B.EROUT 
Oii Pl.BR2 1 / B.BRnl>'T 
OR Pi .BR3 1 / B.BROUT 
OR B.BRIN 1 / B.XESY 

S Inverter 

S Hold to correct RC delay 
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TIMING: 
I 
B.Cl 
B.C3-
B.T03-

Pl . SYSR
B.SYSR 
B.XBSY
B.330trr
B.E3SY-

B.ER
B.ERO-:JT
B.ERIN
Q.US 
P!.BRO
Pi .EiU
Pl.BR2-
Pl .B&3-

NO-CLOCK 
12346e789012346e789012346e7890123~5e78901234657890 
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pal type pall618 . 
palna.me AB16 
palld 1.9 84/10/08 

PA.l..BEGIN 

" Inp-ct.s 

1 IN?U7 Q.A.S 
2 I""?trr P. LDS-
3 Ih"?L"T P. UDS-
.( I~?,-,,. B. BER?:N-
5 INPL~ B.DTACKIN-
6 Ih'?'.:T B. A!:N-
7 INP'Jr B. B::N-
8 Ih"Pt,,'T B. F"REZZE:-
9 INPUT e.S6 
11 Ih7U"T B.BSEL-
14 IN?U"T B. B30t.'T-

10 Gh":> 
20 vee 

S Output.s 

19 OUTPt.rr Pl.AEN-
. 18 CUTPt.TI' B. AS-

17 OUTPUT B.LDS-
16 OUTPl1T B. tJDS-
15 UUTPt.'T B.DTACK 
13 OUTPUT B . DEN-
12 OUTPUT B.BERR-

~UATIONS 

: XEN B.A£N ~ B.BEN a B.DEN 

ASSERT B.AS
ENAS:..E: IJ..VAYS 
OR X£N a B.BS~ & e.S6 & Q.AS & / 
OR XEN ~ B.AS a B.FREEZE 
OR XEN a B.AS a Q.AS 
OR XEN & B.AS a I B.SBOUT a B.LDS 
OR X£N a B.AS a I B.BBOUT a B.UDS 

ASSERT a. UDS
ENABl.£ IJ..VAYS 

a.fRC"'I:"ZE 
S Ho14 betveen C.S4 and C.S6 
S a!t.er FR~ZE deassert.lot 

I Add 2 481ay on last vme cycle 
I Add 2 4elay on last vme cycle 

OR X!:N a B. AS & B. BSEl.. a Q. AS a P. t1I)S a / B. f"R.EE.ZE 
OR XEN a B.ODS & a.FREEZE 
OR XEN a B.UOS & Q.AS a P.UDS I Hold betve.n C.S4 Lnd C.S6 

ASSEP.T a .1J)S
E:NABL.E: ALVA YS 
OR XEK & B.AS a B.BS~ & Q.AS a P.LDS a ~ B.fR~~~E 
OR XEN a B.LDS a a.FREEZE 
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OR XEN & a.LDS ~ Q.AS & P.LDS 

ASSERT a. DEfi
ENABr.I AJ..VA YS 
OR B.AEN & B.BEN & a.BSEL ~ C.S6 ~ Q.AS 

S Hold for rerun cycle 

& / a.OTACKIN ~ / a.BEnRIH ~ / B.FP~t 
OR XEN t B. FRtE:ZE 
OR XEN t B.AS 
OR XEN t B.LDS 
OR XEN t B.UDS 

ASSERT B.DTACK 
:::;.'.E:2 )':"''rlJ.. YS 
OR / B.OTACKIN 
OR / B.DEN 
OR B.FREZZE 
OR / C.S6 

ASSERT B .BERR
ENABl..E ALVA YS 
OR S.EERRIN t B.OEN & / B.FRF~ZE & C.S6 

ASSE3T Pl.AEJI
ENA.SLE ALVA YS 
OR B.AEN t B.BBOUT 
OR B.AEN t B.DEN t a.FREEZE 
OR B.AtN t B.LDS ~ P.LDS 
OR a.AEN & a.UDS & P.UDS 

TIMING: NO-CLOCK 
S 1234567890123456789012 
B.BSotrr-
B.. BEN-
B.A.EN-
P1.A£N-
C.S;6 
Q.AS 
a.AS-

a.F"R.:.ZZE
a.BSE!..
B.DTACKIN
B.DEN
a.DrACK 
B.BERRIN
B.BERR-

P.tmS
a.uos
P.LDS
B.LDS-

-

IOemo:-g2ll1ze: 
S OTACK!H D~ I ;R~~E ~ CS6 

I Orf at P.DS + 1 pal 
S orf &t P.DS + 1 p&l 
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