
Nu Machine System Diagnostic Unit 

General Description 

224:2829-0001 

Distributed by LMI 6033 W. Century Blvd. Los Angeles CA 90045 
USA 



Information furnished in this document i., believed to be accurate and reliable. However, 
no responsibility is assumed by Texas Instruments Incorporated for its use; nor for any 
infringements of patents or other rights of third parties which may result from its use. 
No license is granted by implication or otherwise under any patent or patent rights of 
Texas Instruments Incorporated . Texas Instruments Incorporated reserves the right to 
change product specifications at any time. 

Nu Machine and NuBus a.re trademarks of Texas Instruments Incorporated. 

Multibustm is a trademark of Intel Corp. 

Copyright © 1084 Texu Instruments All rights reserved. 



Preface 

This manual provides detailed information about the Texas 
Instruments Nu Machine(TM)* System Diagnostic Unit (SOU). 
It is primarily directed to the system programmer and 
provides some information for the installation personnel. 

Information in this manual is divided into the following 
sections: 

Section 

1. General--Contafns physical and functional descriptions 
that acquaint the user with the hardware components 
and capabilities of the Nu Machine SOU. 

2. lnstallation~-Outl ines procedures for unpacking the Nu 
Machine SOU from its shipping container, installing 
the board in the Nu Machine chassis, and performing 
diagnostics. 

3. Operation--Oescribes the board and front panel light
emitting diodes (LEDs), the back control panel rotary 
switch, and the reset switch and signals. 

4. Programming--Presents information for use by 
programmers on the function of the SOU and defines the 
Multibus(R)** address space and NuBus(TM)* address 
space reserved for SOU use. 

Appendix 

A. Pl Pin Assignments--Shows the standard NuBus pin 
assignments on Pl. 

B. P2 Pin Assignments--Shows the Multibus pin assignments 
on P2. 

C. P3 Pin Assignments--Shows the input/output (l/O) pin 
assignments on P3. 

* Nu Machine and NuBus are trademarks of Texas Instruments 
Incorporated. 

** Multibus is a registered trademark of Intel Corporation. 
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0. Serial Port Pin Assignments--Shows the remote and 
local serial port pin assignments. 

E. Hultibus Compliance Levels--Oescribes the Multibus 
attr i but ·es supported by the SOU. 

Reference Documents 

The following documents contain additional information 
related to SOU design. These documents cover NuBus and 
Multibus specifications, detailed programming and 
implementation information on some components, and interface 
requirements for SOU 1/0. · 

fv 
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NuBus Specification 

iAPX 86, 88 User's Manual (Intel) 

Intel Component Data Catalog 

Motorola Microprocessor~ Manual 

Multibus Specification (Intel) 
or IEEE Standard Microcomputer System 
Bus Specification (IEEE Std 796-1983) 

AP-28A ( I nte 1 ) 

EIA-RS-232C 

QIC-02 Interface Specification 
(Rev. 0, 9/23/82) 

Nu Generation Computer System 
Architecture Specification 

Nu Machine Diagnostic User Manual 
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Nu Machine Installation Manual 

Nu Machine SOU Operating System 
User Manual 

Nu Machine SOU Operating System 
Implementation Description 

Nu Machine SOU Operating System 
Driver Design Guide 

Nu Machine SOU Development System, 
User Guide 

Nu Machine SDU Development System, 
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Notation 

2242812-0 J Ol 

2242813-0 01 

2242815-0 1 1 

2242816-0 01 

The rollowing notational conventions have been used 
throughout this document. 

Ones and Zeros 
Signal or bit names that end with an asterisk(*) are ctive 
low. Names that do not end wtth an asterisk(*) are ac t live 
high. Low means logic O; high means logic 1. 

Reset 
The four SOU reset functions are: 

CD NuBus RESET* 

CD Multibus INIT* 

CD an SOU reset signal 

CD a tape controller reset signal 

Each of these signals will be rererred to by its complete 
name, such as NuBus RESET*, unless the context makes it 
clear which of the preceding reset signals is intended. 

Numbers 
Bit O or a byte is the least significant bit, and bit 7 is 
the most significant bit. Byte numbering is similar to bit 

· numbering. For example, in a 16-bit halfword, bit 7 of byte 
0 is adjacent to bit O of byte 1. Words are 32 bits. 

The hexadecimal symbol (Ox) precedes each hexadecimal number 
throughout this document. A bit represented by X within a 
hexadecimal number can range in value from OxO to OxF. 

2242829-0001 V 



vi 2242829-0001 



Contents 

1 GENERAL DESCRIPTION. . • • • • • • . • • • • • . • . . • • • • . • • • • • • • • . 1-1 
1 • 1 Gener a 1 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1 - 1 
1.2 Purpose of Equipment.......................... 1-1 

· 1.3 Equipment Description ••••.•••... ~............. 1-3 

1.4 
1.5 

1.3.l 8088 and Related Hardware. ~........... 1-4 
1.3.2 Configuration ROM..................... 1-5 
1.3.3 Internal Multibus..................... 1-5 
1.3.4 NuBus and Multibus Interface.......... 1-5 
1.3.5 Front/Back Control Panel 

1.3 .6 
1. 3. 7 
1. 3. 8 
1.3.9 
1.3.10 

Inter-face . . · ... · ...............•.....•.. 
Serial Conmunfcations •••••.••••••••••• 
1/4-Inch Tape Interface ••••••••••••••• 
Power Supply Interface ....•.•••••..••• 
AC Shutdown ........ ~ .........•...••••• 
Thermal Sensors ............•.•...•.••. 

Specifications ••••.••..•.••.•••••••••••••••••• 
Functional Description •••••••.•.••.••••••••••• 
1.5.1 Bus Conversion ••.....••.•••• .•••••••••• 

1.5.1.1 NuBus-to-Multibus 

1-5 
1-5 
1-5 
1-5 
1-6 
1-6 
1-6 
1-7 
1-7 

Conversion................... 1-7 

1. 5. 2 

1.5.3 
l. 5. 4 
1. 5. 5 
1. 5. 6 
1.5.7 
1. 5. 8 
1. 5. 9 
1.5.10 

1.5.1.2 Multfbus-to-NuBus 
Conversion .•.••.••••••••••••• 

1.5.1.3 Interrupt Translation .••••••• 
NuBus Central Features .••..••••••••••• 
1.5.2.1 System Clock ..•.•.••••••••••. 
1.5.2.2 Time-Out Recovery •.•••••••••• 
Nonvolatile Features •....•.••••••••••• 
1/4-Inch Tape Interface ••••••••••••••• 
Interval Timer ....................... . 
Debug/Diagnostic Facilities ••••••••••• 
System Status Display •••••••••.••••••• 
Serial Ports ......................... . 
Power Supply Interface ....•.••.•••.••• 
System Bootstrap ••.•••••••.••••• · •••••• 

1-8 
1-8 
1-9 
1-9 
1-9 
1-9 
1-9 
1-9 
1-9 

1-10 
1-10 
1-10 
1-10 

2 INSTALLATION ...•.••.••••••••••••••••.••.••••••••••• 2-1 
2. 1 Genera 1 . . . . . . . . . • . • . • . . . . . • . • • . . . • . • • • • • • • • • • • 2-1 
2.2 Unpacking/Packing the SOU Board............... 2-1 
2.3 SOU Installation Procedures................... 2-2 

3 OPERATION •.••.••••••••••.••••••.••••...••.••••••••• 3-1 
3. 1 Genera 1 . . . . . . . . • • . . . . . . . . . . . . . . . . . • . • . . • . • . .. • • 3-1 
3.2 Fault Indication LED.......................... 3-1 

2242829-0001 Vi i 



4 

A 

3.3 Front Panel LEDs.............................. 3-1 
3. 4 Back Pane 1 Rotary Switch. • . . • • • • . • • . . • • • • • • • . . . 3-1 
3.5 Reset Pushbutton and Signals............... . .. 3-1 
3 O 6 s.e 1 r-0 i agnostics• •• e O e • • • O C O • • 0 • • • • • e O • 0 • 0 • O & • 3-2 

PROGRAHM I NG •••••••••••••••••••••••••••••••••••••••• 
4.1 General .•.••••••••••.••....•••••••••.•••••••.• 
4.2 Multibus Address Space Derinition ••••••••••••• 

4. 2 • 1 SOU ROM ••••••••••••••••••••••••••••••• 
4. 2. 2 SOU RAM • •.••••••••••.••••••••••••••••• 
4.2.3 Address Map ..•.............•.......... 
4.2.4 Front Panel LEDs •••••.••••• c••·•••···· . 
4.2.5 Back Panel sw;tch ••.•••••••••••••••••• 
4.2.6 Control-Status Register 1 •••••••••.••• 
4.2.7 Control-Status Reg;ster 0 ••••••••••.•• 
4.2.8 A/0 Converter ••••••••••••.••••••••..•• 
4. 2 • 9 CMOS TOO Chi p ••••••. · ••••••••••••••.••• 
4.2.10 RS-232C Serial Ports .••.•••••••••.•••• 
4.2.11 Programmable Interval Timers .••••.•.•• 
4.2.12 Time-Out Register ••.•••••.••••••••.••• 
4.2.13 1/4-Inch Tape Interface ••••••••••••••• 
4.2.14 Bus Integrity Registers ••••••••••••••• 
4.2.15 Interrupt Controllers ••••••••••••••••• 
4.2.1.6 Multibus Interrupt Register ••••••••••• 
4. 2 • 1 7 CMOS RAM •••••••••••••••••••••••••••••• 

4. 3 NuBu~ Address Spac.e Def in it f on ••••••••••..•••. 
4.3.1 Multibus Memory Space ••••.••••••••.••• 
4.3.2 Multibus 1/0 Space •••••••••••••••••••• 
4.3.3 Configuration Space ••••••••••••••••••• 

4.4 Software Development •••••••••••••••••••••••••• 

Pl PIN ASSIGNMENTS ••••.•••••••••••••••••••••••••••• 

4-1 
4-1 
4-1 
4-3 
4-3 
4-3 
4-5 
4-6 
4-7 
4-9 

4-11 
4-12 
4-12 
4-13 
4-14 
4-14 
4-15 
4-18 
4-21 
4-23 
4-24 
4-25 
4-25 
4-25 
4-26 

A-1 

B P2 PIN ASSIGNMENTS................................. B-1 

C P3 PIN ASSIGNMENTS................................. C-1 

D SERIAL PORT PIN ASSIGNMENTS........................ 0-1 

E MULTIBUS COMPLIANCE LEVELS......................... E-1 

Vi i j 2242829-0001 



Figures 

Figure 1-1. Nu Machine System Diagnostic Unit 
Board................................... 1-2 

Figure 1-2. SOU Block Diagram and System 
I nter-f'aces. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3 

Figure 4-1. Address Map Format...................... 4-4 

Figure 4-2. Translation De¥inition •••••••••••••••••• 4-5 

Figure 4-3. LED Reg i ster . ........................... · 4-6 

Figure 4-4. Switch R·eg i ster . .•.••........... . • ....... 4-7 

Figure 4-5. CSRl Read Format . .......... . ............. 4-8 

Figure 4-6. CSRl Write Format . .......••••••••••••.•• 4-8 

Figure 4-7. Control-Status Register 0 •••••..•.•••••• 4-10 

Figure 4-8. Integrity Register 0 • •••.•••••.••.•••••• 4-16 

Figure 4-9. Integrity Register 1 • • • • • • • • • • • • • • • • • • • • 4-16 

Figure 4-10. Integrity Register 2 • •.•••.••••••••••••. 4-17 

Figure 4-11. Integrity Register 3 . ~ • • . . • . . . • . . . • . . . . . 4-17 

Figure 4-12. Integrity Register 4 • ••••••••••••••••.•• 4-18 

2242829-0001 ix 



Figure 4-13. Integrity Register 5 •••••.••.••••••••••• 4-18 

Figure 4-14. 0xlClE0 Read Format •. · ..•..•••••••••••••• 4-22 

Figure 4-15 • . CMOS RAM Address Space •••••••••••••••••• 4-23 

Figure 4-16. SOU NuBus Addresses ••••••••••••••••••••• 4-24 

X 2242829-0001 



Tables 

Table 1-1. SOU Board Specfrfcatfons................. 1-6 

Table 2-1. Requfred SOU Cables...................... 2-4 

Table 3-1. Selr-Ofagnostics Results................. 3-3 

Table 4-1. Multibus Address Space................... 4-1 

Table 4-2. SOU Register Space Oerinition............ 4-2 

Table 4-3. ROM Address Allocation................... 4-3 

Table 4-4. 1C084 Bit Patterns....................... 4-7 

Table 4-5. A/0 Converter Addresses ••••••••••••••.••• 4-12 

Table 4-6. Multibus Addresses to Serial Port 
Registers................................ 4-13 

Table 4-7. PIT Address Map .....•.••.•.....••..•••••• 4-14 

Table 4-8. Integrfty Regfsters .•.•••.•.••.••••••.••. 4-15 

Table 4-9. PICO Interrupt Functions •..•.•.•..•.••••. 4-19 

Table 4-10. PICl Interrupt Functfons ••..•..••••••.••. 4-20 

Table 4-11. PIC2 Interrupt Functions ...••••.••••••••• 4-21 

Table 4-12. PIC Addresses •..........•............•••. 4-21 

2242829-0001 xi 



Table 4-13. Interrupt Addressing •••••••••.••••.•.•••• 4-22 

Table A-1. NuBus Pin Assignments ...••..••••••.••••• ~ A-1 

Table B-1. SOU Multibus Pin Assignments............. B-1 

Tab 1 e C-1 • P3 Row A . •••.•••••••••••••• ., • • • • • • • • • . • • • C-1 

Table C-2. P3 Row 6 .....• .,....... . .................. C-2 

Table C-3. P3 Row C................................. C-3 

Table D-1. Remote Serial Port Pin Assignments....... 0-1 

Table D-2. Local Serial Port Pin Assignments........ 0-2 

Xi i 2242829-0001 



1 GENERAL DESCRIPTION 

1.1 General 

This manual provides unpacking, installation, testing, and 
operating information for the Texas Instruments Nu Machine 
(TM)* System Diagnostic Unit (SOU) board (see Figure 1-1). 
This section contains functional and physical descriptions 
to acquaint the user wfth the hardware components and 
capabilities of the Nu Machine SOU. 

1.2 Purpose of Equfpment 

The SOU provides many one-per-system functions and smart 
front-end and diagnostic capabilities. Since these 
functions are concentrated on the SOU, rather than on 
separate central processfng unit (CPU) cards, the system is 
able to support multiple processors without conflict. The 
SOU Monitor, the PROM-resident portion of the SOU Operating 
System, provides a flexible system-boot environment. 

* Nu Machfne is a trademark of Texas Instruments 
Incorporated. 
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Figure 1-1. Nu Machine System Diagnostic Unit Board. 

1-2 2242829-0001 



1.3 Equipment Description 

The SOU is an 8088-based, single printed wiring board (PWB) 
microprocessor system with additional special purpose 
hardware to interf'ace to the NuBus (TM)* architecture and 
provide required system utilities. Figure 1-2 shows the 
major hardware subsections and interf'aces with other Nu 
Machine system components. The following paragraphs 
describe the major SOU components. 

EXTERNAL MULTIBUS 

r--- -------------7 110 
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Ffgure 1-2. SOU Block Diagram and System Interf'aces. 

* NuBus is a trademark of' Texas Instruments Incorporated. 
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1.3.1 8088 and Related Hardware 
The 8088 microprocessor system is the heart of the SOU. It 
consists of the following: 

~ -8088 microprocessor -- The 8088 specifications and 
interface are described in the Intel Component Data 
Catalog. 

~ Reset circuits -- The board-level SOU reset signal 
initializes internal registers to the power-up state 
and also resets the on-board 8088. The SOU reset 
signal is driven active by any of the fol lowing: 

1. The operator pressing the back panel reset button. 
A resistor capacitor (RC) circuit then holds the 
SOU reset signal low for about 3 milliseconds. 

2. The power supply generating an active 5 volts de 
out-of-tolerance signal. If the SOU sends a high 
or low margin signal to the power supply, the de 
out-of-tolerance signal is ignored. 

3. The remote serial port detecting a line break 
character while the back panel switch is at O, 2, 
39 or 4 

4. The on-board deadman timer triggering while the 
back panel switch is at 2. The timer triggers if 
the switch panel register9 Multibus CR)* address 
0x1C0849 is not read once every one-half second. 

~ Clock generation circuits -- The 8088 clock is derived 
from a 14.7456 megahertz crystal giving the 8088 an 
errective clock rate or 4.9152 megahertz. 

~ Multibus time-out logic -- The Multibus time-out logic 
generates a READY signal to the 8088 as well as a 
time-out interrupt if an operation takes more than 3 
milliseconds to complete. 

~ 64K bytes of ROM 

~ Programmable interrupt controllers -- Three 
programmable interrupt controllers (PICs) provide a 
flexible interface between the 8088 and devices 

* Multibus is a registered trademark of Intel Corporation. 
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requiring real-time servicing. The three PICs (PICO, 
PICl, and PIC2) are configured as a master PIC (PICO) 
and two slave PICs (PICl and PIC2) as described in the 
8259A data sheet. Paragraph 4.2.15, Interrupt 
Controllers, details the operation of the 8259A. 

$ 64K bytes of dynamic RAM 

$ Multibus interface logic 

1.3.2 Conffguratfon ROH 
The SOU has a 2K-byte configuration ROM and a configuration 
register residing on the NuBus. The contents and format of 
the configuration ROM are described in the Nu Generation 
Computer System Architecture Specification. The 
configuration register implements only the on-board LED bit. 

1.3.3 Internal Hultfbus 
The SOU is built around an internal Multibus. The I/0/Data 
Bus and CMOS/Data Bus, extensions of the internal Multibus, 
reduce drive requirements for the various buses. The 
external Multibus is also an extension of the internal 
Multibus. The buffers between the internal Multibus and 
external Multibus provide isolation and meet the loading 
requirements of the Multibus. (The relationship between the 
internal Multibus, external Multibus, and the SOU board is 
explained in Paragraph 4.2.7, Control-Status Register O. 
Multibus attributes supported by the SOU are discussed in 
Appendix E, Multibus Compliance Levels.) 

1.3.4 NuBus and Hultfbus Interface 
The SOU interfaces to and enables two-way conversions 
between the NuBus and Multibus. 

1.3.5 Front/Back Control Panel Interface 
Three lines from the SOU drive the front panel LEDs. Four 
lines into the SOU indi.cate the mode selector position on 
the back panel rotary switch. A single input from the back 
control panel resets the SOU. 

1.3.6 Serial Conmunfcatfons 
Two asynchronous RS-2,32C ports support data rates to 19.2K 
baud. 

1.3.7 1/4-Inch Tape Interface 
A QIC-02 streaming tape drive interface provides system 
backup capability and diagnostic loading media. 

1.3.8 Power Supply Interface 
Two signal lines from the power supply to the SOU indicate 
the 5 volts and ac power status. A 1 ine from the SOU to the 

2242829-0001 1-5 



SOU GENERAL DESCRIPTION 
GENERAL DESCRIPTION 

power supply enables the SOU to margin the +5 volt supply 
above and below nominal. 

1.3.9 AC Shutdown 
A line from the SOU to the ac distribution box enables the 
SOU to shut off the ac power in emergency situations. 

1.3.10 Thermal Sensors 
Five inputs from the optional external thermal sensors to an 
analog-to-digital converter are provided. 

1.4 Specft=fcatfons 

Table 1-1 lists the physical, electrical, and environmental 
specifications for the SOU board. 

Table 1-1. 

CHARACTERISTIC 

Ambient Temperature: 
Operating 
Storage 

Ambient Humidity: 
Operating 
Storage 

Altitude: 
Operating 
Storage 

Shock: 
Operating 
Storage 

Vibration: 
Operating 
Storage 

Power 

Current: 
+5 V 
+12 V 
-12 V 

1-6 

SOU Board Specifications 

SPECIFICATION 

10 to 35 degrees C 
-40 to 65 degrees C 

15 to 801. (noncondensing) 
5 to 951. (noncondensing) 

-300 to 3,000 meters (-990 to 10,000 feet) 
-300 to 12,000 meters (-990 to 40,000 feet) 

15g for 11 ms 
25g for 11 ms 

.5g rms, random 

.75g rms, random 

48 W 

9 A 
150 mA 
120 mA 
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1.5 Functional Descrfptfon 

The following paragraphs describe the function of the major 
Nu Machine SOU components. 

1.5.1 Bus Conversion 
The NuBus/Multibus converter resides on the SOU. Bus 
conversion in both directions is done by hardware mapping 
logic and does not require 8088 microprocessor intervention. 
The two buses run independently until one bus accesses the 
other. Under certain circumstances. a NuBus card can 
attempt to access the Multibus at the same time that a 
Multibus card is accessing the NuBus. The SOU prevents a 
lockup by giving the NuBus a "Try Again Later" response and 
allowing the Multibus cycle to complete. The following two 
paragraphs describe the conversions in more detail. 

1.5.1.1 NuBus-to-Multfbus Conversion The Multibus memory 
space and 1/0 space (as described in Paragraphs 4.3.1 and 
4.3.2, respectively) are completely contatned within the SOU 
NuBus slot space. Thus, there is a direct correlation 
between NuBus addresses and the accessed Multibus addresses. 

The Multibus memory space can be accessed with byte, 
halfword, and word operations. Byte and halfword operations 
on the NuBus are translated into byte and halfword 
operations on the Multibus. Word operations on the NuBus 
are translated into two halfword operations on the Multibus 
with the lower halfword transfer occurring first. 

The Multibus 1/0 space can be accessed in one of two 
different address ranges. In one range, byte, halfword, or 
word transTers can access the Multibus I/0 space but only 
the low byte of each NuBus word is valid data. In the other 
range, byte, halfword, and word transfers are all supported 
across the interface. 

When a NuBus access of either the Multibus memory or I/0 
space occurs, the fol lowing sequence of events occurs: 

1. START* on the NuBus accesses the Multibus. 

2. The SOU bus translation logic initiates arbitration for 
the Multibus. 

3. The SOU bus translation logic acquires the Multibus. 

4. The Multibus operation (or operations for 32 bits) 
occurs as per the Multibus Specification. 

2242829-0001 1-7 
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5. The SOU returns XACK* on the Multibus. 

6. The SOU does an ACK cycle on the NuBus. 

The SOU detects bus locks on the NuBus and asserts the 
Multibus signal LOCK* if a NuBus-to-Mult i bus translation is 
in progress. Thus, indivisible transfers are supported 
across the bus interface. 

1.5.1.2 Hultfbus-to-NuBus Conversion Hultibus-to-NuBus 
conversions are similar in sequence to NuBus-to-Multibus 
conversions. The following sequence of events occur: 

l. The address map is initialized (see Paragraph 4.2.3) to 
point to the desired NuBus page. 

2. Multibus master initiates Mult i bus transfer (upper ten 
bits of Multibus address select map entry). 

3. Valid bit (bit 23) of map entry indicates a NuBus 
access. 

4 . The SOU bus translation logic initiates arbitration for 
the NuBus. 

5. The SOU acquires NuBus mastership. 

6. The NuBus operation is initiated by a START cycle as 
expl~ined in the NuBus Specification. 

7. The addressed slave on the NuBus responds with an ACK*. 

8. The SOU bus translation logic generates XACK* on the 
Multibus. 

If the Multibus signal LOCK* is active when a Multibus-to
NuBus conversion is performed, the NuBus is locked until 
LOCK* is inactive. 

1.5.1.3 lnterrupt Translation The SOU can translate 
Multibus interrupts into NuBus interrupts. The SDU's 8088 
microprocessor receives all Multibus interrupts in a non
bus-vectored fashion (explained in the Multibus 
Specification). When programmed, the 8088 can respond to 
Multibus interrupts by writing to an arbitrary NuBus address 
(or addresses). Since NuBus interrupts are specifically 
addressed writes with the least significant bit set to 1, 
the Multibus interrupt can be translated into a NuBus 
interrupt. 
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The SOU can also translate NuBus interrupts into Multibus 
non-bus-vectored interrupts. On the SOU, the Multibus 
address space is contained within the NuBus address space. 
The Multibus interrupt register, which lies in this Multibus 
address space, can drive any of the eight Multibus interrupt 
lines active. Therefore, NuBus writes to the Multibus 
interrupt register which have the least significant bit set 
to 1 are translated into Multibus interrupts. 

1.5.2 NuBus Central Features 

1.5.2.1 System Clock The SOU is the source of the 75 
percent duty cycle, 10 megahertz system clock (CLK*), to 
which all bus operations are synchronized. Under software 
control, the system clock rate can be increased or decreased 
by 7 percent for diagnostic purposes. 

1.5.2.2 Time-Out Recovery The SOU optionally provides 
NuBus time-out recovery by monitoring the time between the 
START* and ACK* control signals. If more than the 
programmed number of clock cycles (up to 256) occur, the SOU 
asserts the ACK* signal with the appropriate THO and THI 
code for a time-out. 

1.5.3 Nonvolatile Features 
The SOU contains 2K bytes of battery backed-up CMOS RAM. 
This memory is used to store the system configuration 
information in a nonvolatile manner. The SOU also provides 
a battery backed-up time-of~day clock. 

1.5.4 1/4-Inch Tape Interface 
The SOU contains a 1/4-inch streaming tape drive interface. 
This feature provides low-cost transportable media for the 
Nu Machine. Since this interface is on the SOU, only the 
SOU, power supply, and tape drive must be functioning 
properly to load the diagnostic routines from the 1/4-inch 
tape drive. 

1.5.5 Interval Timer 
The SOU contains a programmable timer for·generating 
periodic events to specific CPUs. The timer can be used for 
many important system functions, such as process scheduling. 

1.5.6 Debug/Diagnostic Facilities 
The SOU provides the NuBus system operator with several 
diagnostic tools. The SOU Monitor of the SOU Operating 
System allows a terminal on either serial port to read and 
write bus locations and to initiate and execute SOU 
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self-diagnostics. The NuBus diagnostic hardware verifies bus 
integrity. 

1.5.7 System Status Ofsplay 
On power-up, the SOU first runs a self - test, then a bus 
test, and finally individual board tests. The SOU uses the 
front panel LEDs to summarize the results of the tests; the 
detailed results can be read using the system console. An 
LED on each board is automatically turned on at power-up and 
is turned off by the SOU after the board-specific diagnostic 
passes. 

1.5.8 Serial Ports 
The SOU contains two serial communications ports, either of 
which can be used as the smart front panel/remote 
diagnostics port, depending on the position of the 
diagnostic rotary switch. Otherwise, they are both 
available as general-purpose serial ports. 

1.5.9 Power Supply Interface 
The interface to the power supply includes several lines in 
addition to the actual current-carrying cables. These lines 
are ACPF, DCOT, MARGIN, and ACOFF. The SOU provides the 
system interface to these lines. ACPF (ac power fail) is 
generated by the power supply. The SOU then posts events to 
the installed CPUs so that they can take appropriate action. 
DCOT (de out of tolerance) indicates that the +5 volt supply 
is out of tolerance +/-5 percent. When this signal is 
active, the SOU generates a system reset. MARGIN is the SOU 
signal by which the +5 volt supply margin ·can be increased 
or decreased by 7 percent. ACOFF is a signal from the SOU 
to the ac distribution box by which the SOU can shut off the 
ac power. 

1.5.10 System Bootstrap 
The SOU Monitor of the SOU Operating System boots 
automatically upon power-up. The SOU then determines the 
location of the system console, either serial port or high 
resolution display, from the position of the rotary switch. 
This allows the system to be manually reset, reinitialized, 
or rebooted via SOU Monitor control. Refer to the Nu 
Machine SOU Operating System User Manual for the command 
descriptions. 

The SOU can fully and automatically boot the Nu Machine 
Operating System when the rotary switch is properly set. 
The rotary switch positions are explained in both the Nu 
Machine Rack Module, General Description and the Nu Machine 
Office Module, General Description. 
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2 INSTALLATION 

2.1 General 

This section provides information and procedures for 
unpacking the SOU from its shipping container and installing 
it in a Nu Machine (TM)* system chassis. When the SOU is 
shipped in a chassis as part of a complete system, refer to 
the Nu Machine Unpacking and Inventory Guide for unpacking 
procedures. 

This section covers installation details of the SOU board 
only. The procedures assume that the user has a fundamental 
knowledge of basic hand tools and cabling techniques, but 
they do not require a detailed understanding of computer 
hardware or software. 

2 .-2 Unpack f ng/Pack f ng the SOU Board 

Upon receipt of the container, inspect it to ensure that no 
damage has occurred. If any damage is found, note the 
damage on the bill of lading and file claim against the 
carrier, if applicable. Photograph any damages to the 
equipment container. 

CAUTION 

The Nu Machine systems contain stattc-sensftive 
electronic components. To avoid damage to these 
components. ensure that you are well grounded 
before removing or handling the printed circuit 
boards. 

Use a stat i c-contro 1 ,system cons t sting of a 
static-control floor or table mat and a statfc
control wrist strap. These are comnerctally 
available. If you do not have a static-control 
system. you can discharge any accumulated static 
charge by touching a grounded object prior to 
handling a board. 

* Nu Machine is a trademark of Texas Instruments 
Incorporated. 
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It fs frnperatfve that you do not place the printed 
cf rcu ft board on top of' 1 ts sh 1 pp 1 ng bag ·. The 
conductive external surrace of this bag will short 
the SOU board's energized pins on contact, 
resulting fn a corrupted CMOS RAH • . Always store 
or transport a printed cfrcuft board inside Its 
protective package. 

Arter completion or the preliminary inspection, perrorm the 
rollowing steps to remove the board rrom its container and 
prepare the computer ror installation. 

NOTE 

Do not discard any packing materials until 
unpacking, inspection, and inventory are complete. 

1. Remove the top cushion pad or other packing material. 

2. Obtain the packing list. Inventory the items received 
against the packing list. 

3. Pack all shipping materials into the original shipping 
container and store the container ror reshipment or the 
unit. 

• 4. Inspect the SOU board and components ror signs or 
damage that may have occurred during shipment. Ir 
damage has occurred, notiry the carrier immediately. 

To repack the unit, reverse the above procedure using the 
original packing material. 

2.3 SOU Installation Procedures 

The Following paragraphs describe the preparation and 
installation or the Nu Machine SOU board. 

2-2 

WARNING 

Ensure that the chassis ac power cord is 
disconnected rrom ac power during installation. 
Failure to observe this precaution could result fn 
severe electrical shock. 
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1. Select the chassis slot for the SOU board. The SOU 
board must be installed in either slot 13, 14,or 15, 
whichever is the highest priority NuBus {TM)* slot in 
the chassis. Since the SOU generates clock signals 
for both the NuBus and Multibus {R)** interfaces, the 
selected slot must have a NuBus in the Pl position 
and, if the system is equipped with Multibus, a 
Multibus in the P2 position. 

2. Install a 1 high by 1 wide connector plate assembly 
{TI P/N 2235471-0001) to provide the jack for the P3 
board connector to plug into. Lower the 1/0 back 
panel to access the back chassis framework. Push the 
connector plate assembly into the selected chassis 
slot hole directly below the motherboard. Secure the 
assembly to the back chassis framework with screws. 

3. Returning to the front of the chassis, slide the board 
into the selected chassis slot. Hold the board so 
that the inserter/ejector tabs on the front corners of 
the board are pushed out and the board components are 
to the right. When the board is fully inserted, the 
inserter/ejector tabs will snap over the board's 
locking pins to prevent it from vibrating out of the 
chassis. 

4. For standard Nu Machine systems, instal 1 the Multibus 
priority jumper {Tl P/N 2220779-0001) on pin A31 and 
pin B31 in P2 slot 15. Note that the SOU slot 
position can affect the jumper setting. As a rule, 
install the jumper on the first slot (either 14 or 15) 
which is the Multibus master. If the jumper is not 
installed iri the correct slot, the Multibus cannot be 
enabled. 

5. An SOU paddle board (TI P/N 2235465-0001) must be 
mounted on the P3 connector plate assembly which was 
installed in the step 2 above. To connect the SOU 
paddle board to the other system components, the SOU 
cables in Table 2-1 are required. Note that the cable 
length and part number can vary depending on the Nu 
Machine system. Consult your local sales 
representative for exact ordering information. Refer 

* NuBus is a trademark of Texas Instruments Incorporated. 

** Multibus is a registered trademark of Intel Corporation. 
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2-4 

to the Chassis Section or the Nu Machine Installation 
Manual ror the SOU paddle board and interrace cable 
installation procedures. 

Table 2-1. Required SOU Cables 

CABLE NAME Tl PART NUMBER 

SOU Front Panel 
SOU Rear Panel 
SOU Serial Interrace 
SOU Power Supply 
SOU Ac Power Control 

2235232 
2235233 
2235416 
2235418 
2235419 
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3 OPERATION 

3.1 General 

This section describes SOU operation after installation in 
the chassis with appropriate peripherals and mass storage 
devices. 

3.2 Fault Indfcation LEO 

The SOU card has a red LEO mounted on its front edge. This 
LEO should come on at power-up and go out at the successful 
completion of the SOU configuration ROM diagnostic. 

3.3 Front Panel LEDs 

There are three LEDs on the front panel that indicate the 
results of the SOU self-diagnostics. The green RUN LED, 
when lit, indicates that the processor has resumed execution 
after the self-diagnostics are successfully completed. The 
red ATTN LED goes out when the self-diagnostics are 
successfully completed. The red SET-UP LED goes out if the 
battery-powered SOU CMOS RAM is correctly initialized. A 
full explanation of self-diagnostics is given in Paragraph 
3.6. . 

3.4 Back Panel Rotary Swftch 

The back panel rotary switch has five mode selector 
positions labeled O through 4. Each switch position selects 
a preprogrammed boot sequence device, system console, and 
data rates for the serial ports. If the battery-powered 
CMOS RAM is not set up, then default boot parameters must be 
used. Refer to either the Nu Machine (TM)* Rack Module, 
General Description or the Nu Machine Office Module, General 
Description for mode selector position information. 

3.5 Reset Pushbutton and Signals 

A reset pushbutton is located on the back panel of the 
chassis. This pushbutton resets the board~level SOU reset 

* Nu Machine is a trademark of Texas Instruments 
Incorporated. 
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signal which initializes internal registers to the power-up 
state and also resets the on-board 8088. 

NuBus (TM)* RESET* and Multibus (R)** INIT*, standard reset 
signals, are generated by the sou· but do not reset any SOU 
runctions. These signals are driven active at SOU power-up 
and by explicitly resetting them through the SOU monitor. 
Setting the NuBus reset bit and the Multibus reset bit in 
control-status register 1 (CSRI} wi 11 be discussed in 
Paragraph 4.2.6. 

Tape RESET* is the reset signal ror the 1/4-inch tape 
interface. This signal is only driven active through the 
SOU Monitor. Setting the tape reset bit in CSRl will be 
discussed in Paragraph 4.2.6. 

3.6 Self-Diagnostics 

The SOU automatically perrorms selr-diagnostics at power-up. 
Manually resetting the system via the INIT command runs the 
same selr-diagnostics. Besides the rollowing self
diagnostics description, additional inrormation can be found 
in the Nu Machine Diagnostic User Manual. 

At reset, the SOU Monitor turns on all three rror.t panel 
LEDs (ATTN, SET:...up and RUN) and then tests the on-board RAM. 
The monitor halts ir the RAM test rails and leaves all LEDs 
lighted. Ir the RAM test passes, the monitor tests the: 

d> Programmable interrupt controller (PIC) 

d> Bus time-out register (BTO) 

d> Interrupt register 

d> Map RAM 

d> CMOS RAM CRC 

Table 3-1 depicts the results of the self-test diagnostics 
indicated by the front panel LEDs. When the ATTN and SET-UP 
LEDs are out and the RUN LED is on, a>> prompt will appear 

* NuBus is a trademark of Texas Instruments Incorporated. 

** Multibus is a registered trademark of Intel Corporation. 
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on the SOU monitor console device indicating that the SOU 
and its operatins system are operational. 

If the ATTN LED remains on, the power-up self-test was not 
successfully completed. In this case, refer to the 
troubleshooting flow chart in either Nu Machine · Rack Module, - --
Field Theory and Maintenance or Nu Machine Office Module, 
Field Theory and Maintenance for help. 

If the SET-UP LED remains on, the battery-powered SOU RAM 
Refer to the section on was not correctly initialized. 

system power-up in either the 
General Description or the Nu 
Description for help. 

Nu Machine Rack Module, 
Machine Office Module, General 

LEDs ON 

- A 1 1 
SET-UP only 
None 
RUN only 

2242829-0001 

Table 3-1. Self-Diagnostics Results 

CMOS RAM CRC PASSED 

No 
No 
Yes 
Yes 

ALL OTHER TESTS PASSED 

No 
Yes 

No 
Yes 
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4 PROGRAMMING 

4.1 General 

This section describes the SOU Multibus(R)* and NuBus (TM)** 
address spaces. Ir the programmer wishes to alter the 8088 
sortware or investigate 8088 capabilities, begin by 
rererring to the Nu Machine** SOU Development System User 
Guide. 

4.2 Multibus Address Space Deffnftfon 

The Multibus is a non-multiplexed, asynchronous bus which 
supports 8-bit and 16-bit data transfers. Multibus 
addresses are twenty bits long, providing one megabyte of 
address space. Multibus operation is exp l ained in the IEEE 
Standard Microcomputer System Bus Specification (IEEE Std 
796-1983). 

Table 4-1 is a partial breakdown of the Multibus address 
space reserved for SOU use. The low 64K bytes of the SOU 
address space are RAM and the high 64K bytes are ROM. 

FUNCTION 

SOU RAM 

Table 4-1. Multibus Address Space 

COMMENTS 

64K bytes 

SOU Register Space 

ADDRESS RANGE 

0x00000-0x0FFFF 

0xl0000-OxlFFFF Sparsely implemented, 
multifunction area 

SOU ROM 0xF0000-0xFFFFF '64K bytes, byte 
addressable 

The SOU register space (0xl0000-0xlFFFF) contains the 
various control registers and special functions implemented 

* Multibus i s a registered trademark of Intel Corporation. 

** NuBus and Nu Machine are trademarks of Texas Instruments 
Incorporated. 
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on the SOU. Table 4-2 details the addresses and related 
functions in the SOU register space. 

Table 4-2. SOU Register Space Definition 

FUNCTION 

Address map 

Front panel LEOs/ac 
shutdown 

Back panel switch 

CSRl 

CSRO 

A/0 converter 

CMOS TOD chip 

Remote serial port 

Local serial port 

Interval timer #1 

Interval timer #0 

Time-out register 

1/4-;nch tape ;nterrace 

Bus integrity registers 

Interrupt controller #0 

Interrupt controller #1 

Interrupt controller #2 

Multibus interrupt 
register 

CMOS RAM 

4-2 

ADDRESS RANGE 

Oxl8000-0x18FFF 

OxlC080 

Ox1C084 

OxlC088 

OxlC08C 

OxlClOO-OxlCllC 

OxlC120,0xlC124 

OxlClSO.OxlC154 

OxlC158,0xlC15C 

OxlC160-dxlC16C 

OxlC170-0xlC17C 

Ox1C180 

OxlClAO and 
OxlC600-0xlC7FF 

OxlCIA8-0xlC1BC 

OxlC1CO,OxlC1C4 

OxlC1C8.0xlC1CC 

OxlC100,0xlC104 

OxlClEO-OxlCIFC 

OxlEOOO-OxlFFFC 

COHHENTS 

1024-entry page map 

Read only 

See CSR deSCo 

See CSR desc. 

Read only 

See Ml46818 desc. 

See Intel 8251A desc. 

See Intel 8251A desc. 

See Intel 8253 desc. 

See Intel 8253 desc. 

NuBus time-out preset 

See Cf12her Ta12e Manual 

See Intel 8259A desc. 

See Intel 8259A desc. 

See Intel 8259A desc. 

8-bit addressable latch 

2K byte RAM, low byte only 
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The fol lowing paragraphs describe each address space and 
corresponding memory-mapped function in detail. 

4.2.1 SOU ROH 
The Multibus addresses from OxFOOOO to OxFFFFF access the 
SOU ROM. This ROM contains the SOU Monitor of the SOU 
Operating System and certain drivers associated with SOU 
functions. Refer to the SOU Operating System User Manual for 
detailed SOU ROM information. The ROM consists of up to 
four 27128 EPROMS and Multibus interface logic. Each 27128 
contains 16K bytes of information. Table 4-3 relates ROM 
address ranges to board locations. The SOU ROM can only be 
accessed in bytes; 16-bit accesses will not provide 
meaningful data. 

Table 4-3. ROM Address Allocation 

ROH NUMBER 

1 
2 
3 
4 

ADDRESS RANGE 

OxFOOOO-OxF3FFF 
OxF4000-0xF7FFF 
OxF8000-0xFBFFF 
OxFCOOO-OxFFFFF 

REFERENCE LOCATION 

U43 
U6 
U42 
us 

The 27128s have a 200 nanosecond access time but the actual 
SOU ROM response time is between 300 and 400 nanoseconds due 
to logic and synchronization delays. 

4.2.2 SOU RAH 
The SOU RAM is accessed by the Multibus addresses OxOOOOO 
through OxOFFFF. The RAM consists of eight 4164 64K byte by 
1-bit dynamic RAMs, an 8203 dynamic RAM controller, Multibus 
interface logic, a PAL state machine, and termination 
resistors. The PAL state machine and the interface logic 
translate a 16-bit operation into two byte operations (low 
byte first); so the RAM supports Multibus transfers of both 
sizes. The 8203 automatically refreshes the ORAMs. The bus 
cycle time to read or write the RAM is between approximately 
500 and 750 nanoseconds. However, ff a refresh cycle is in 
progress, the cycle wfl l be delayed as required. Some areas 
of the SOU RAM are reserved for the SOU Monitor. The SOU 
Operating System Implementation Description details RAM 
allocation. 

4.2.3 Address Map 
Conversion of Multibus cycles into NuBus cycles requires 
mapping 20-bit addresses into 32-bit addresses. The SOU 
translates an arbitrary Multibus address into a NuBus 
address ~sing a 24-bit by 1024-word stati~ RAM array. 
Figure 4-1 depicts the format of this array. 
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The array is accessed by Multibus addresses 0xl8000 through 
0xl8FFF. Each map entry consists or Four bytes; the most 
signiricant byte is unimplemented. 

Bits 0 through 21 are used as page pointers in the NuBus 
address space during Multibus-to-NuBus translation. Bit 22 
is unused. Bit 23, the valid bit, is set when a map entry 
contains a valid page (1024 bytes) pointer and cleared when 
the entry does not contain a valid page pointer. 

The address map is readable and writable over the NuBus. 
Only byte transactions are perf'ormed; 16-bit operations are 
not supported. 

The address map contains underined data at power-up. Valid 
bits in the map may or may not be set. All map entries must 
be set to a known assigned value prior to setting bit 1 in 
CSR0 For the NuBus interrace. Failure to do so will result 
in spurious accesses to the NuBus during transrers to valid 
Multibus addresses. 

Multibus Address 

Ox 18XX(x x 11) Ox 18XX(x x 10) I Ox 18XX(x x01) I Ox 18XX(x x00) 

reserved vjxj 22-Bit PFN 

I Unused 
Valid Bit 

NOTE: 
PFN = Page Frame Number 

F1gure 4-1. Address Map Format. 

"Figure 4-2 shows how Multibus addresses are translated into 
NuBus addresses using the map. The upper 10 bits or the 
Multibus address select one or the 1024 map entries. If' the 
valid bit is set in the selected map entry, the Multibus 
operation is translated into a NuBus operation. The lower 
22 bits of' the selected map entry are used as the most 
signiFicant bits of' the NuBus address. The lower 10 bits of' 
the NuBus address are the same as the lower 10 bits of' the 
Multibus address. 
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MULTIBUS ADDRESS 

◄----- 20 Bits-~---

Upper Lower 
10 Bits 10 Bits 

PFN 

22-Bit PFN Field 10 

32-BIT NuBUS ADDRESS 

PFN -· Page Frame Number 
PTE ~ Page Table Entry 

Figure 4-2. Translation Definition. 

Each map entry corresponds to a fixed page of Multibus 
addresses. For example, the map entry at locations 0xl84C8, 
0x184C9, and 0x184CA always corresponds to Multibus 
addresses 0x4C800 through 0x4CBFF. Care should be taken so 
that implemented Multibus addresses do not have the valid 
bit set in the corresponding map entry. 

4.2.4 Front Panel LEDs 
Multibus address 0x1C080 accesses the register for the front 
panel LEDs. This is a write only register; reading the 
register results in undefined data. 

Thfs register is one byte wfde but only four bits are 
meaningful. Bits 0, 1, and 2 each correspond to a different 
front panel LEO. The LEO bits drive the front panel when 
they are 0. , Thus, writing 1 to a particular bit position 
turns the corresponding LEO off. Btt 7, the ac shutdown btt, 
turns the power off when it ts 1. Thus, writing 0x80 to 
address 0xlC080 will cause the ac power to go orr. 

Thfs register is cleared at power-up or SOU reset, enabling 
ac power and driving all three LEDs on. Figure 4-3 shows 
each bit position function for this register. 
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7 6 5 4 3 2 1 0 

I I 

Figure 4-3. LED Register. 

4.2.5 Back Panel Switch 

RUN LED 
SETUPLED 
ATTNLEO 
Reserved 
Reserved 
Reserved 
Reserved 
AC Shutdown 

The status of the back panel switch positions and the 
current NuBus slot position of the SOU are determined by 
reading Multibus address OxlC084. This register can only be 
read; writing to this location has no effect. 

The lower four bits (bits Oto · 3) convey the position of the 
back panel rotary switch. Table 4-4 shows the relationship 
between the five switch positions and bits Oto 3 of 
OxlC084. The upper four bits (bits 4 to 7) correspond to 
the NuBus slot identification lines IDO to 103. Figure 4-4 
shows the switch register's bft positions and functions. 

The back panel switch positions select both software and 
hardware options. The software options are described in 
both the Nu Machine Rack Module, General Description and the 
Nu Machine Office Module, General Description. Switch 
positions 0, 2, 3, and 4 enable the remote serial port to 
generate the SOU reset signal when it receives a break 
character; switch position 1 disables this function. Switch 
position 2 enables the on-board deadman timer; all other 
switch positions disable this function. Refer to Paragraph 
1.3.1, 8088 and Related Hardware, for more information on 
the deadman timer. 
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Table 4-4. 1C084 Bit Patterns 

SWITCH POSITION SWITCH3 SWITCHZ SWITCHl 

0 1 1 1 
1 1 1 1 
2 1 1 0 
3 1 0 1 
4 0 1 1 

7 6 5 4 3 2 1 0 

I I 

Figure 4-4. Switch Register. 

4.2.6 Control-Status Register 1 

PROGRAMMING 

SWITCH0 

1 
0 
1 
1 
1 

SWITCHO 
SWITCH1 
SWITCH2 
SWITCH3 
IDO 
1D1 
1D2 
ID3 

Multibus address OxlC088 accesses a multipurpose control and 
status register. This register is both readable and 
writable, but the data read is not always the same as the 
data written. This register is cleared at power-up and at 
SOU reset. Figures 4-5 and 4-6 show each bit position 
function in CSRl for both reads and writes. 
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7 6 5 4 3 2 1 

I 
0 

I READY {from ¼" tape) 
SOU NuBus Reset 
SOU Multibus Reset 
RESET (to ¼ " tape) 
REQUEST (to ¼" tape) 
ENDCONV 
ONLINE {to ¼" tape) 
TPXPT (from ¼" tape) 

Ffgure 4-5. CSRl Read Format. 

7 6 5 4 3 2 1 

I 
0 

I . NuBus BUS . Reset 
NuBus SYSTEM Reset 
Multibus INIT 
RESET (to ¼" tape) 
REQUEST (to ¼" tape) 
Unused 
ONLINE {to ¼" tape) 
Unused 

Ffgure 4-6. CSRI Write Format. 

Bits o. 3. 4. 6. and 7. when read, convey the status or some 
1/4-inch tape interrace control lines. Bits 3, 4, and 6, 
when written. drive corresponding bits on the tape 
interrace. These bits are all active high. 

The ~-02 Interrace Specification explains the meaning or 
these tape interrace control lines. Note that all SOU tape 
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control and status bits are inverted rrom the corresponding 
bits shown in the Q.!J;_-02 Specirication. For example, 
writing 1 to CSRl bit 6 will cause the QIC-02 signal ONLINE* 
to go active (low}. If CSRl is read and bit 7 is 1, an 
exception condition exists and the signal EXCEPTION* from 
the tape is active (low}. 

Writing 1 to bit O drives the signal NuBus RESET* active for 
a single bus cycle. 

Writing 1 to bit 1 drives NuBus RESET* active; it remains 
active until O is written to this bit. When read, this bit 
conveys the state of bit 1 but not necessarily the state of 
NuBus RESET*. 

Bit 2 is similar to bit l, except that it drives Multibus 
INIT* active. Reading this bit does not necessarily convey 
the state of INIT*. 

Bit 5 is a status flag from the SOU analog-to-digital (A/0} 
converter which, when active high, indicates that the A/0 
converter has completed a conversion and the A/0 output is 
valid. Bits 5 and 7 are not connected on the register 
output; writing data to them has no effect. 

4.2.7 Control-Status Register 0 
Multibus address 0xlC08C is a second multipurpose control 
and status register. This register is readable and 
writable, and the read data indicates the state of each 
written bit. This register is cleared at power-up and at 
SOU reset. Figure 4-7 summarizes each bit's function in 
CSR0. 
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7 6 5 4 

Notes: 

1) Clocksel1 
0 
0 
1 
1 

2) Voltsel1 
0 
0 
1 
1 

3 2 

Clocksel0 
0 
1 
0 
1 

Voltsel0 
0 
1 
0 
1 

1 

I 
0 

I 

Bus Clock 
10MHz 
9MHz 
11 MHz 

Multibus Enable 
Converter Enable 
Time-out Enable 
Clocksel0 
Clocksel1 
Voltsel0 
Voltsel1 
Integrity Enable 

Off-board source 

+ 5 V de status 
Normal 
Margin high 
Margin low 
Transition 

Figure 4-7. Control-Status Register 0. 

Bit 0 of CSR0 is the Multibus enable bit. When this bit is 
1, the interrace between the SOU internal Multibus and the 
external Multibus is enabled. Under these conditions, the 
internal Multibus and external Multibus are effectively one 
Multibus, and the interface is transparent for all address, 
data, control, interrupt, and arbitration lines. 

When this bit is 0, the internal Multibus and external 
Multibus become separated. At this point, activity on the 
one has no effect on the other. The SOU continues to drive 
the external Multibus timing signals (CCLK* and BCLK*), 
although all other interface connections are severed, until 
the Multibus priority input is forced on. Attempts to 
access the external Multibus when this interface is disabled 
result in Multibus time-outs; the target slave is not 
affected and no transfer acknowledge occurs. 

Bit 1 of CSR0 is the converter enable bit. This bit enables 
conversions in both directions between the Multibus and 
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NuBus. When this bit is o. the SOU is effectively isolated 
from the NuBus. Attempts to access the NuBus when this bit 
is o result in Multibus time-outs; no NuBus transaction can 
be initiated. 

Note that CSR0 is cleared at power-up and at SOU reset. 
Therefore, the bus interfaces previously discussed are both 
disabled and must be explicitly enabled. 

Bit 2 of CSR0 enables the SOU to generate NuBus time-outs. 
The time-out period depends on the value in the time-out 
register. If this bit is 0, time-outs on the NuBus must be 
generated by some other system component. Refer to 
Paragraph 4.2.12, Time-Out Register, for more details. 

Bits 3 and 4 of CSR0 select the rate at which the SOU drives 
the NuBus clock. Figure 4-7 shows the clock rate selected 
by the various bit patterns. At power-up or - SOU reset the 
normal 10 megahertz clock rate is selected. The 9 megahertz 
and 11 megahertz clock rates are for diagnostic purposes 
only and should not be used in normal operation. These 
clock rates are intended to stress the system and 
demonstrate operational tolerances. If both bit 3 and bit 4 
are high, an off-board clock source, if connected, is 
selected. 

Bi~s 5 and 6 of CSR0 select the voltage level of the 
system's +5 volts de supply. Figure 4-7 shows the voltage 
level selected by each bit pattern. Note that when the 
voltage is changed from a marginal to normal value, both 
bits 5 and 6 should be in a transition state of 1 for no 
less than 500 milliseconds before clearing them. This 
period allows the power supply to return to its normal 
output without enabling the de out-of-tolerance signal. 
Failure to go through this transition state can result in 
spurious SOU resets. 

Bit 7 of CSR0 enables SOU diagnostic registers to drive and 
sense the level of NuBus lines. Paragraph 4.2.14, Bus 
Integrity Registers, details the relationship between the 
integrity registers and particular NuBus signals. When bit 
7 of CSR0 is 1, the contents of the integrity registers are 
statically and unconditionally enabled onto the NuBus. 
Therefore, this bit should only be turned on when the NuBus 
is in a diagnostic state and, preferably, with NuBus RESET* 
active. 

4.2.8 A/0 Converter 
The SOU board has an 8-channel A/0 converter which could be 
used for sensing levels of external thermal sensors. The 
reference inputs to the A/0 are GND and +5. Thus, 0x00 
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indicates that the selected channel is connected to ground 
or a very low voltage. OxFF indicates that the channel is 
connected to a +5 or higher voltage. 

To select a channel and read the digitized value: 

$ Arbitrary data is written to the Multibus address or 
the desired channel. This initiates the analog signal 
digitization corresponding to that channel. 

~ When the signal ENOCONV (bit 5 or CSRl) goes active 
(high), the digitized data is available From the A/D. 

$ The digital value is retrieved From the A/0 by reading 
any valid A/D address. 

Table 4-5 shows the relationship between Muftibus addresses 
and A/0 channels. Note that A/0 channel selection occurs on 
write cycles only, and any A/0 address can be used to read 
the data. 

Table 4-5. A/0 Converter Addresses 

MULTIBUS ADDRESS A/0 CHANNEL 1/0 PINS 

OxlClOO 0 P003 Al2 
OxlC104 1 P003 B9 
OxlC108 2 P003 B10 
OxlClOC 3 P003 811 
OxlCllO 4 Ground 
Ox1Cll4 5 P003 813 
Ox1Cll8 6 P003 B14 
OxlCllC 7 +5 volts de 

4.2.9 CHOS TOO Chfp 
The SOU battery-powered time-or-day chip is a Motorola 
MC146818. The MC146818 data sheet gives a complete chip 
description and programming inrormation. The MC146818 can 
be viewed as an array with 64 byte registers with addresses 
From Oto 63. The First 14 bytes (0 to 13) have special 
purposes, while the remaining 50 bytes are general purpose. 
Data transrer to this chip requires two bus transactions: 
writing the register's address to Multibus address OxlC124, 
then reading/writing data From/to Multibus address Ox1Cl20. 

4.2.10 RS-232C Serial Ports 
The SOU has two RS-232C serial communications ports: the 
remote serial port and the local serial port. Each serial 
port consists or an 8251A programmable communications 
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interface (PCI} and interface logic for rece1v1ng and 
driving RS-232C levels. Both ports operate in asynchronous 
mode only. The remote serial port drives the SOU reset 
signal active if a break character is detected on the 
received data input while the back panel switch is in 
position o. 2. 3. or 4. Each serial port is connected to a 
25-pin, 0-shell connector on the Nu Machine back 1/0 panel. 
The remote port is connected to a male connector; the local 
port is connected to a female connector. Refer to either 
the Nu Machine Rack Module. General Description or the Nu 
Machine Office Module, General Description for details on 
the SOU paddle card and its interface cable to the serial 
ports. 

Appendix D shows the relationship between 0-shell pin 
assignments and 8251A signals. Two Multibus addresses are 
associated with each port: l) a command register for 
initialization, setting control parameters. and reading 
status, and 2) a data register for reading/writing 
received/transmitted data. The 8251A data sheet gives 
detailed programming information. Table 4-6 shows the 
Multibus addresses for accessing serial port registers. 

Table 4-6. Multibus Addresses to Serial Port Registers 

MULTIBUS ADDRESS 

Ox1Cl50 

Ox1Cl54 

OxlC158 

OxlClSC 

DESCRIPTION 

Remote serial port data register 

Remote serial port command/status register 

Local serial port data register 

Local serial port command/status register 

4.2.11 Progranmable Interval Tfmers 
Two Intel 8253 Programmable Interval Timers (PITs) are used 
on the SOU: PITO and PITl. Each PIT has three timers on it 
each with an input clock rate of 1.2288 megahertz. The 8253 
data sheet gives detailed programming information. Table 
4-7 shows the relationship of Multibus addresses to PIT 
registers and each PIT's function. 

2242829-0001 4-13 



SOU GENERAL DESCRIPTION 
PROGRAMMING 

Table 4-7. 

MULTIBUS REGISTER 
ADDRESS DEFINITION 

0xlC160 PITl counter #0 
0x1C164 PITI counter #1 
0xlC168 PITl counter #2 
0x1Cl6C PITI mode 

0x1Cl70 PIT0 counter #0 
0x1C174 PIT0 counter #1 
0x1C178 PIT0 counter #2 
0xlC17C PIT0 mode 

PIT Address Map 

COUNTER 
FUNCTION 

Periodic interrupt #0 
Periodic interrupt #1 
Periodic interrupt #2 
None 

Remote serial port rate generator 
Local serjal port rate generator 
Unused 
None 

PITs operating as periodic interrupts go to interrupt 
controller #1 at interrupt levels 4, 5. and 6 (refer to 
Paragraph 4.2.15, Interrupt Controllers). PITs operating as 
rate generators drive the receive and transmit clocks or the 
serial ports. Note that the rate generator PITs must be 
programmed in the square wave rate generator mode. 

The serial data rate is determined by both PIT0 and the 
8251A programming. For example, suppose a 9600 baud rate is 
required, and the 8251A is in 16X mode. Since clock input 
is 16 times the data rate, the 8251A should have a clock 
rate of 153600 (16 X 9600) hertz, and the PIT should be 
programmed to divide the input clock rate (1-.2288 megahertz) 
by 8 (1228800/8 = 153600). 

4.2.12 Tfme-Out Register 
Multibus address 0xlC180 accesses the NuBus time-out 
register on the SOU. This register is both readable and 
writable. Setting this register to 0 establishes the 
maximum NuBus time-out period of 25.6 microseconds. Shorter 
time-out periods (from Oto 25.6 microseconds) are achieved 
by writing numbers greater than 0 into this register. For 
example, ff 0x80 is written into the time-out register, the 
NuBus time-out is set to 12.8 microseconds. This register 
is cleared at power-up and on SOU resets. Note that NuBus 
time-outs are only enabled by setting the time-out bit (bit 
2) in CSR0. 

4.2.13 1/4-lnch Tape Interface 
The SOU 1/4-inch tape interface is memory-mapped in Multibus 
address space. The tape fnterrace state machine translates 
reads of Multibus address 0xlClA0 into tape status reads. 
Writes to this address are translated into command transfers 
to the tape drive. Multfbus addresses in the range from 
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Ox1C600 to Ox1C7FF are translated into string data transfers 
to or from the tape drive. Only byte transfers are 
supported. 

The tape interface control signals RESET*, ONLINE*, and 
REQUEST* are determined by bits in CSRl. Paragraph 4.2.6, 
CSRl, relates these control signals and bit positions. The 
control signal XFER* is driven by a PAL state machine, which 
translates Multibus control lines into XFER* and vice versa. 
The status lines EXCEPTION* and READY* can be sensed by 
reading CSRl or received as interrupts on PICO. The signals 
DIRC* and ACK* from the tape are used strictly by the tape 
interface state machine. 

For a complete description of the SOU 1/4-inch tape 
interface, refer to the ~-02 Interface Specification Rev. 
D (9/23/82). 

4.2.14 Bus Integrity Registers 
The SOU can statically drive NuBus signal lines and then 
read the status of these lines to determine if any NuBus 
signals are shorted high, low, or together. The bus 
integrity registers statically and unconditionally drive the 
NuBus if the integrity enable bit (bit 7) in CSRO is 1. 
Therefore, the integrity logic should only be activated if 
the NuBus is quiescent, preferably with the SOU holding 
NuBus RESET* active. The integrity logic is in six Multibus 
address space registers. Each of these registers is readable 
and writable. If the NuBus signal lines are not shorted, 
the data read should be the data written. Table 4-8 shows 
which Multibus address accesses which integrity register. 

Table 4-8. Integrity Registers 

HULTIBUS ADDRESS 

Ox1C1A8 
OxlClAC 
OxlClBO 
OxlC184 
OxlC188 
OxlClBC 

REGISTER NUHBER 

0 
1 
2 
3 
4 
5 

Figures 4-8 through 4-13 show the relationship between NuBus 
signal names and bit positions for each of the integrity 
registers. 

2242829-0001 4-15 



SOU GENERAL DESCRIPTION 
PROGRAMMING 

7 6 5 4 3 2 1 

I 
0 

I ADOO* 
ADO1* 
ADO2* 
ADO3* 
ADO4* 
ADO5* 
ADO6* 
ADO?* 

Ffgure 4-8. Integrity Register 0. 

7 6 5 4 3 2 1 

I 
0 

I ADOS* 
ADO9* 
AD1O* 
AD11* 
AD12* 
AD13* 
AD14* 
AD15* 

Ffgure 4-9. Integrity Register 1. 
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0 

I AO16* 
AD17* 
AD18* 
AD19* 
AD20* 
AD21* 
AD22* 
AD23* 

Figure 4-10. Integrity Register 2. 

6 5 4 3 2 1 

I 
0 

I AD24* 
AD25* 
AD26* 
AD27* 
AD28* 
AD29* 
AD30* 
AD31* 

Figure 4-11. Integrity Register 3. 

2242829-0001 4-17 



SOU GENERAL DESCRIPTION 
PROGRAMMING 

7 6 5 4 3 2 1 

I 
0 

1 ARBO* 
ARB1* 
ARB2* 
ARB3* 
RQST* 
ACK* 
START* 
SPV* 

Figure 4-12. Integrity Register 4. 

7 6 s · 4 3 2 1 

. I 
0 

I SP* 
TMO* 
TM1* 
Unused 
Unused 
Unused 
Unused 
Unused 

Figure 4-13. Integrity Register 5. 

4.2.15 Interrupt Controllers 
The SOU has three 8259A programmable interrupt controllers 
(PICs) which generate interrupts to the 8088. Two or them 
operate in the slave mode (PICl, PIC2) and the third (PICO) 
operates in the master mode. Detailed programming 
inrormation is in the 8259A data sheet. The interrupts are 
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individually maskable, and the priority is also 
programmable. The interrupt requests can also be programmed 
to sense either edges (low-to-high transitions) or high 
levels on the PIC inputs. Table 4-9 through Table 4-11 
relate each PIC interrupt number to its interrupt function. 

Table 4-9. PICO Interrupt Functions 

INTERRUPT # SIGNAL DESCRIPTION 

0 MULTITO* Multibus time-out 
l TIMEOUT* NuBus time-out 
2 TPXPT* 1/4-inch tape EXCEPTION* input 
3 TPRDY* 1/4-inch tape READY* input 
4 ACLOINT* Ac power fail from power supply 
5 RSVD* Reserved 
6 PIC21NT* Interrupt from slave PIC2 
7 PIClINT* Interrupt from slave PICl 

The MULTITO signal indicates that a Multibus time-out has 
occurred. Multibus time-outs are generated if the 8088 does 
not access a bus for longer than 3 milliseconds. Thus, 
MULTITO will go active if the 8088 executes a halt 
instruction or if the 8088 is denied Multibus access for 
longer than the time-out period. Note that Multibus time
outs do not cause any transfer acknowledge on the Multibus. 
The Multibus does not support error acknowledgment. 

The SOU generates a NuBus time-out when the time-out enable 
bit in CSRO is 1 and either: 1) A START* cycle occurs on the 
NuBus and an ACK* cycle has not occurred for longer than the 
programmed time-out period, or 2) RQST* has been active but 
a START* has not occurred for longer than the programmed 
time-out period. In the first situation, the SOU generates 
an ACK* with a bus time-out code on the TMx* lines. In the 
second case, the SOU generates an idle cycle to reinitiate 
arbitration. A time-out interrupt indicates one of these 
cases. 

The TPXPT interrupt indicates an exception condition from 
the 1/4-inch tape controller. This interrupt is asserted at 
the high-to-low transition of the EXCEPTION* signal from the 
tape controller. Refer to the Q..U;,-02 Interface 
Specification for implications of activity on this line. 

TPROY is similar to TPXPT except that it indicates that the 
READY* signal on the 1/4-inch tape interface has made a 
high-to-low transition. 
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ACLOINT indicates that the ac power to the +5 volt power 
supply is below a specified level. This interrupt is 
asserted whenever the power supply ACLO line goes from the 
low-to-high state. 

The slave interrupt controllers, PICl and PIC2 are cascaded 
through the master interrupt controller PICO. The slave 
interrupt controllers generate PIClINT and PIC2INT 
interrupts to the master. These interrupts indicate that 
there is an active input on one or more of the respective 
interrupt lines. 

INTERRUPT 

0 
1 
2 
3 
4 
5 
6 
7 

Table 4-10. PICl Interrupt Functions 

# SIGNAL 

RXRDYO* 
TXROYO* 
RXROYl* 
TXROYl* 
PITINTO* 
PITINTl* 
PITINT2* 
Spare 

DESCRIPTION 

Remote serial port receive ready 
Remote serial port transmit ready 
Local serial port receive ready 
Local serial port transmit ready 
Periodic interrupt 0 
Periodic interrupt 1 
Periodic interrupt 2 

RXROYO is a signal from the remote serial port indicating 
that a character is in the receive buffer and ready for 
processing. This signal is connected directly to pin 14 of 
the 8251A associated with the remote serial port. 

TXROYO is a signal from the remote serial port fndfcating 
that . the transmitter is ready to accept a data character. 
This signal is connected directly to pin 15 of the 8251A 
associated with the remote serial port. 

RXROYl and TXROYl are similar to RXROYO and TXROYO except 
that they pertain to the local serial port rather than the 
remote serial port. 

PITINTO, PITINTl, and PITINT2 are all interrupt inputs from 
PITl. These general system timers can generate interrupts 
from once every 1.62 microseconds to once every 53 
milliseconds. Paragraph 4.2.11, Prograrrmable Interval 
Timers, gives more information on the interrupt timer. 
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Table 4-11. PIC2 Interrupt Functions 

INTERRUPT # SIGNAL DESCRIPTION 

0 LOCAL INTO* Multibus interrupt 0 
1 LOCALINTl* Multibus interrupt 1 
2 LOCALINT2* Multibus interrupt 2 
3 LOCALINT3* Multibus interrupt 3 
4 LOCALINT4* Multibus interrupt 4 
5 LOCALINT5* Multibus interrupt 5 
6 LOCALINT6* Multibus interrupt 6 
7 LOCALINT7* Multibus interrupt 7 

The inputs to PIC2 are driven by a three-state buffer. The 
inputs to the buffer are th~ Multibus interrupt lines INTO* -
through INT7*. The buffer is activated only when the 
Multibus enable bit (bit 0) of CSRO is 1. 

The PICs are programmed by writing initialization command 
words (ICWs) and operation control words (OCWs), as 
required, into the PIC. Details on these control words and 
the programming sequence are in the 8259A data sheet. Note 
in the data sheet a signal, AO, which differentiates between 
the first ICW (or OCW) and subsequent control words. In the 
SOU implementation, the signal AO is driven by Multibus 
address bit #2 (MAOOR02). Table 4-12 relates Multibus 
addresses and each PIC's control word locations. 

Table 4-12. PIC Addresses 

MULTIBUS ADDRESS FUNCTION CONTROLLER NUMBER 

OxlClCO I CW 1, OCW 1 PICO 
OxlClC4 ICW2-ICW4,0CW2-0CW3 PICO 

OxlClC8 I CW 1, OCW 1 PICl 
OxlClCC ICW2-ICW4,0CW2-0CW3 PICl 

OxlClOO I CW 1, OCW 1 PIC2 
Ox1C1D4 ICW2-ICW4,0CW2-0CW3 PIC2 

4.2.16 Hultfbus Interrupt Regfster 
The Multibus has eight interrupt lines (INTO* to INT7*). 
The SOU can sense any of these lines through PIC2 as 
described in the preceding paragraph and can drive any of 
these lines. Each interrupt has·a corresponding Multibus 
address as Table 4-13 shows. 
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Table 4-13. Interrupt Addressing 

HULTIBUS ADDRESS MULTIBUS INTERRUPT LEVEL 

OxlClEO 0 
OxlClE4 1 
OxlC1E8 2 
OxlClEC 3 
OxlClFO 4 
Ox1Clf4 5 
OxlClFS 6 
OxlClFC 7 

Each Multibus interrupt line can be driven active by writing 
a byte to the corresponding Multibus address with the · least 
signiricant data bit set to 1. The interrupt can be cleared 
by writing Oto the least signiricant bit at the same 
location. The status or the interrupt register can be 
determined by reading address OxlClEO. Each bit or thfs 
register corresponds to a particular Multibus interrupt bit. 
For example, ir OxOO is written to OxlClEO through OxlClFO, 
OxOl is written to Ox1ClF4, and OxOO is written to OxlClFS 
and OxlClFC, Multibus interrupt 5 wfl 1 be active and reading 
OxlClEO will produce Ox20. This interrupt can be cleared by 
writing OxOO to Ox1ClF4. Figure 4-14 shows the Format or 
OxlClEO when ft is read. 

7 6 5 4 3 2 1 

I 
0 

I Ox 1C1EO bit 0 
0 x 1 C1 E4 bit 0 
0 x 1 C1 EB bit 0 
Ox 1C1EC bit 0 
0 x 1 C 1 FO bit 0 
Ox 1C1F4 bit O 
Ox 1C1F8 bit 0 
Ox 1C1FC bit O 

Figure 4-14. OxlClEO Read Format. 
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The SOU battery backed up CMOS RAM is accessed by Multibus 
addresses OxlEOOO through OxlFFFC. Only every rourth byte 
address is a valid RAM address. Thus, byte O of the CMOS 
RAM is at Multibus address OxlEOOO, byte 1 is at OxlE004, 
and so forth. A total of 2048 byte locations are provided. 
Figure 4-15 illustrates the CMOS address space. The battery 
backed up RAM is used to retain system setup and 
configuration information through power-down cycles. The 
SOU Operating System User Manual describes the data format 
stored in the CMOS RAM. 

Ox1FFFF 

CMOS 
RAM 

·------1 

Ox1FFFC 

Ox1E004 

Ox1E003 ..,... .......... ..- ................. ;.;.;.,;,;,;.;.;.;.;......,;,;...,. ................. ....._ ___ __. OxtEOOO 

Byte 3 j Byte 2 I Byte 1 Byte 0 

Figure 4-15. CMOS RAM Address Space. 
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4.3 NuBus Address Space Oerfnftion 

The SOU is a NuBus slave. All valid SOU addresses are 
between NuBus address OxF(IO}OOOOOO and OxF(IO)FFFFFF, where 
ID is the SOU hexadecimal slot identirication number. The 
valid apdress spaces contained within the SOU's NuBus 
address space consist of three major blocks: Multibus memory 
space, Multibus 1/0 space, and configuration space. Figure 
4-16 shows the breakdown of the SOU's NuBus addresses. 

0xF(ID)0FFFFF 

1 
Ffgure 

4-24 

MULTIBUS VO SPACE 
(byte. halfword , word access) 

MULTIBUS MEMORY SPACE 

I I I 

CONF . 
ROM 

0xF(ID)FFFFFC 

0xF(ID)FFE000 
CONF REG. 0xF(ID)FFDFFC 

MULTIBUS 
VO 
SPACE 
(byte only) 

0xF(ID)14FFFF 

0xF(ID)140000 
0xF( ID) 13FFFC 

0xF(ID)100000 
0xF( ID)0FFFFC 

J O>F(ID)OOOOOO 

4-16. sou NuBus Addresses. 
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NuBus addresses OxF(ID)OOOOOO through OxF(IO)OFFFFF directly 
access the Multibus memory space. The addressing is 
contiguous (no holes). Byte. halfword. and word transfers 
are supported across the interface. The NuBus address of a 
Multibus facility is simply the facility's Multibus address 
appended to OxF(l0)0 ••. (with ADO* and AOl* adjusted to 
indicate transfer size). Thus. SOU facilities on the 

·Multibus are all available through the NuBus and have the 
same operational characteristics (for example, byte access 
and holes) when viewed through the bus converter as on the 
Multibus. Note that for any accesses through the NuBus-to
Multibus interface. the converter enable bit (bit 1) of CSRO 
must be set to 1--otherwise NuBus time-outs occur. 

4.3.2 Hultfbus 1/0 Space 
Two different mappings access the Multibus 1/0 space from 
the NuBus. NuBus addresses OxF(IO)lOOOOO through 
OxF(l0)13FFFC are translated into Multibus 1/0 operations 
with only the low byte of each NuBus word mapped into a 
Multibus 1/0 port. Thus, the entire Multibus 1/0 address 
space is accessible in bytes from the NuBus. Byte, 
halfword. or word transfers can access the Multibus 1/0 
space in this address range but only the low byte of each 
NuBus word is valid data. Read operations to this space are 
mapped into Multibus IORC* operations and writes to this 
space are mapped into IOWC* operations. 

NuBus addresses OxF(ID)l40000 through OxF(ID)l4FFFF are 
mapped into Multibus 1/0 operations, as in Multibus memory 
space mapping, with all byte, halfword. and word transfers 
supported across the interface. This permits efficient data 
transfers to 1/0 locations which support 16-bit operations. 
Word transrers on the NuBus are translated into two 16-bit 
Multibus operations. Read operations to this space are 
mapped into Multibus IORC* operations and writes to this 
space are mapped into IOWC* operations. 

4.3.3 Configuration Space 
The configuration space on the SOU is made up of a 
configuration · register and a configuration ROM. The 
configuration register's standard layout does not provide a 
reset or enable bit since the SOU performs system boot and 
is enabled at power-up. Bit 2 is the LED bit. Writing 1 to 
this bit turns the SOU LED on; writing Oto this bit turns 
it off. This bit is turned on at power-up or SOU reset. The 
configuration register is at address OxF(ID)FFDFFC. 

The 2K-byte configuration ROM is justified to the low byte 
of each NuBus word. The configuration ROM addresses are 
OxF(IO)FFEOOO to OxF(IO)FFFFFC. The conriguration ROM 
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contains board-dependent information and start-up 
diagnostics. The Nu Generation Computer System Architecture 
Specification details the contents of this ROM. 

4 . 4 Software Development 

Both object and source licenses for the SOU Development 
System are available, as well as the SOU Operating System 
source. Contact your local sales representativ~ for further 
information. 

Software development information can be located in the 
following documents: 

TITLE 

Nu Machine SOU Operating System 
User Manual 

Nu Machine SOU Operating System 
Implementation Description 

Nu Machine SOU Operating System Driver 
Design Guide 

Nu Machine SOU Development System, 
User Guide 

Nu Machine SOU Development System, 
Assembler Reference Manual 

4-26 
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Appendix A Pl PIN ASSIGNMENTS 

The Pl connector detailed in Table A-1 has standard NuBus 
pin assignments. Signal line characteristics for the NuBus 
are described in the NuBus Specification. 

Table A-1. NuBus Pin Assignments 

PIN/ROW A B C 

1 -12 -12 RESET* 
2 GND GND GND 
3 SPV* GND +5 
4 SP* +5 +5 
5 TMl* +5 TMO* 
6 ADl* +5 ADO* 
7 A03* +5 AD2* 
8 ADS* -5 A04* 
9 A07* -5 A06* 

10 A09* -5 AD8* 
1 1 ADl l * ·-s ADlO* 
12 AD13* GND AD12* 
13 ADlS* GND A014* 
14 AD17* GNO A016* 
15 A019* GND A018* 
16 AD21* GNO AD20* 
17 A023* GND AD22* 
18 A025* GND AD24* 
19 A027* GND AD26* 
20 AD29* GND A028* 
21 AD31* GNO AD30* 
22 GND GND GND 
23 GNO GNO RSVO* 
24 ARBl* -5 ARBO* 
25 ARB3* -5 ARB2* 
26 101* -5 100* 
27 103* -5 102* 
28 ACK* +5 START* 
29 +5 +5 +5 
30 RQST* GND +5 
31 GNO GNO GNO 
32 +12 +12 CLK* 

2242829-0001 A-1 



A-2 22A2829-0001 



Appendix B P2 PIN ASSIGNMENTS -

The Multibus pin assignments are mapped . into a DIN 
connector. Table B-1 shows the Multibus pin assignments on 
the P2 connector as they appear on the SOU. Multibus signal 
line characteristics are described in the Multibus 
Specirication. 

Table B-1. SOU Multibus Pin Assignments 

PIN/ROW A B C 

1 A017* A016* AD15* 
2 DATO* GN0 A014* 
3 0AT2* GND DATl* 
4 0AT4* GN0 0AT3* 
5 DAT6* +5 OATS* 
6 OATS* +5 DAT7* 
7 DATA* +5 0AT9* 
8 DATC* +5 DATB* 
9 DATE* +5 DATO* 

10 ADR0* +5 DATF* 
1 1 ADR2* -5 ADRl* 
12 AOR4* GND ADR3* 
13 ADR6* RSV0* ADR5* 
14 ADR8* RSVD* ADR7* 
15 A0RA* -12 ADR9* 
16 ADRC* GN0 ADRB* 
17 AORF* GND ADRD* 
18 INTO* GN0 ADRF* 
19 INT2* GND INTl* 
20 INT4* +12 INT3* 
21 INT6* RSVD* INTS* 
22 INTA* RSVD* INT7* 
23 CCLK* GND A013* 
24 CBRQ* +5 AD12* 
25 BHEN* +5 ADl 1 * 
26 AACK* +5 ADl0* 
27 XACK* +5 INH2* 
28 IORC* +5 INHl* 
29 MR0C* GND IOWC* 
30 BUSY* GND MWTC* 
31 BPRN* GND BREQ* 
32 BCLK* INIT* BPRO* 
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Appendfx C P3 PIN ASSIGNMENTS 

The P3 pin assignments are used ror 1/0. Tables C-1 through 
C-3 describe the signals on this connector. 

PIN/ROW 

AOl 
A02 
A03 
A04 
AOS 
A06 
A07 
A08 
A09 
AlO 
A 1 1 
Al2 
Al3 
Al4 
Al5 
Al6 
Al7 
Al8 
Al9 
A20 
A21 
A22 
A23 
A24 
A25 
A26 
A27 
A28 
A29 
A30 
A31 
A32 

SIGNAL 

TPDATO* 
TPDAT2* 
TPOAT4* 
TPDAT6* 
TPOIR* 
TPACK* 
TPRDY* 
Open 
SWITCHO 
SWITCH2 
RSVD 
ADCCHO 
LEDO 
LED2 
GNO 
Open 
TXOO 
OTRO 
CTSO 
TXDl 
DTRl 
CTSl 
GNO 
Open 
ACPF 
OCOT 
Open 
MARG2 
Open 
PWROFF 
GNO 
Open 
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Table c-1. P3 Row A 

DESCRIPTION 

1/4-inch tape data bit O 
1/4-inch tape · data bit 2 
1/4-inch tape data bit 4 
1/4-inch tape data bit 6 
1/4-inch tape DIRC* control line 
1/4-inch tape ACK* control line 
1/4-inch tape READY* control line 

Back panel switch bit 0 
Back panel switch bit 2 
Reserved 
A/D channel O 
RUN LED on front panel 
ATTN LED on front panel 
Logic ground 

Remote serial port transmit data 
Remote serial port data terminal ready 
Remote serial port clear to send 
Local serial port transmit data 
Local serial port data terminal ready 
Local serial port clear to send 
Logic ground 

Ac powerfail signal from power supply 
De out-of-tolerance from power supply 

Margin control to power supply 

Ac shutdown to ac distribution box 
Logic ground 
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SOU GENERAL DESCRIPTION 
P3 PIN ASSIGNMENTS 

Table C-2 .. P3 Row 8 

PIN/ROW SIGNAL DESCRIPTION 

601 TPXPT* 1/4-fnch Tape EXCEPTION* control 1 i ne 
802 GND Logic ground 
803 GNO Logic ground 
B04 Open 
BOS Open 
B06 Open 
B07 BFTPRST* 1/4-inch tape RESET* control 11 ne 
B08 Open 
B09 ADCCHl A/0 channel 1 
810 ADCCH2 A/0 channel 2 
B 11 ADCCH3 A/0 channel 3 
812 GND Logic ground 
813 ADCCH5 A/0 channel 5 
814 ADCCHG A/0 channel 6 
B15 ADCCH7 A/0 channel 7 
B16 GNO Logic ground 
817 Open 
B18 Open 
B19 GND Logic ground 
B20 Open 
B21 Open 
B22 Open 
B23 GNO Logic ground 
824 Open 
B25 Open 
826 Open 
B27 Open 
828 Open , 

B29 Open 
830 GND Logic ground 
831 GND Logic ground 
B32 Open 
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SOU GENERAL DESCRIPTION 
P3 PIN ASSIGNMENTS 

Table C-3. P3 Row C 

PIN/ROW 

COl 
CO2 
C03 
C04 
cos 
C06 
C07 
cos 
C09 
ClO 
C 11 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
C20 
C21 
C2 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 
C31 
C32 

SIGNAL 

TPOATl* 
TPOAT3* 
TPDATS* 
TPDAT7* 
BFTPXFER* 
BFTPRQST* 
BFTPONLINE* 
Open 
SWITCHl 
SWITCH3 
RSVO 
EXTRST* 
LEOl 
RSVO 
RSVD 
Open 
RTSO 
RXDO 
DSRO 
RTSl 
RXOl 
DSRl 
GND 
Open 
Open 
Open 
Open 
Open 
Open 
Open 
Open 
Open 

DESCRIPTION 

1/4-inch tape data bit 1 
1/4-inch tape data bit 3 
1/4-inch tape data bit 5 
1/4-inch tape data bit 7 
1/4-inch tape XFER* control line 
1/4-inch tape REQUEST* control line 
1/4-inch tape ONLINE* control line 

Back panel switch bit 1 
Back panel switch bit 3 
Reserved 
Back panel reset switch 
SETUP LED on front panel 
Reserved 
Reserved 

Remote serial port request to send 
Remote serial port received data 
Remote serial port data set ready 
Local serial port request to send 
Local serial port received data 
Local serial port data set ready 
Logic ground 

The 1/4-inch tape interface signal line characteristics are 
described in the Q.1£-02 Interface Specification. The back 
control panel switch inputs to the SOU are all pulled up to 
+5 volts through lK ohm resistors on the SOU. These signals 
are typically either open or shorted to ground by the 
external switch. The A/0 channel inputs are high impedance 
inputs to an A/0 converter. Locations for resistors in 
parallel with the A/Dare provided on-board to facilitate 
voltage divider or controlled current circuitry. 

The front panel LED outputs are driven by a 745241 buffer. 
The LEDs turn on when these signal lines are driven low. 

2242829-0001 C-3 



SOU GENERAL DESCRIPTION 
P3 PIN ASSIGNMENTS 

The LEDs should be connected to +5 volts through a current 
limiting resistor. 

The serial port signal 1 ines are al 1 at standard RS-232C 
levels. The ac powerfail, de out-of-tolerance, and margin 
signals are all determined by the power supply. 

Normally, ac powerrail is logic 0. With ac removal, the 
powerfail signal goes to logic lat least 3 milliseconds 
before loss of de output. On ac turn-on, this signal 
remains high until the output is in regulation. 

Normally, de out-of-tolerance is logic O. When the output 
is under or over voltage by 5 percent, de out-of-tolerance 
goes to logic 1. When the output goes . back to within 
tolerance, this signal remains high for 100 to 500 
milliseconds. 

The SOU has the capability to margin the power supply by 
+/-7 percent. The system margin checking driver circuit is 
on the SOU board. 

The ac shutdown signal is an open-collector output capable 
of sinking IO milliamps. Signal levels up to 30 volts can 
be tolerated on this 1 ine. 
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Appendix D SERIAL PORT PIN ASSIGNMENTS 

Table 0-1. Remote Serial Port Pin Assignments 

PIN/ROW RS-232C DESIGNATION 

l Frame ground (AA) 
2 Transmitted data (BA) 
3 Received data {BB) 
4 Request to send (CA) 
5 Clear to send (CB) 
6 ·oata set ready (CC) 
7 Signal ground (AB) 
8 Data carrier detect (CF) 
9 Not used 

10 Not used 
11 Not used 
12 Not used 
13 Not used 
14 Not used 
15 Transmitter clock (DB) 
16 Not used 
17 Receiver clock (DD) 
18 Not used 
19 Not used 
20 Data terminal ready 
21 Not used 
22 Not used 
23 Not used 
24 Not used 
25 Not used 

Note: 

SOU NAME 

Chassis ground 
TXD 
RXD 
RTS 
CTS 
Not used 
Logic ground 
DSR 

Not used 

Not used 

DTR 

Connector is a 25-pin. 0-shell. male connector. 
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8251A PIN 

19 
3 

23 
17 

22 

24 
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SOU GENERAL DESCRIPTION 
SERIAL PORT PIN ASSIGNMENTS 

Table 0-2. Local Serial Port Pin Assignments 

PIN/ROW 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Note: 

RS-232C DESIGNATION 

Frame ground (AA) 
Received data (BB) 
Transmitted data {BA) 
Clear to send {CB) 
Request to send (CA) 
Data set ready (CC) 
Signal ground {AB) 
Data terminal ready 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Receiver clock {DD) 
Not used 
Transmitter clock (DB) 
Not used 
Not used 
Data carrier detect (CF} 
Not used 
Not used 
Not used 
Not used 
Not used 

SOU NAME 

Chassis ground 
RXD 
TXD 
CTS 
RTS 
Pul 1-up 
Logic ground 
OTR 

Not used 

Not used 

DSR 

Connector fs a 25 pin, D-shell, Female connector. 

8251A PIN 

3 
19 
17 
23 

24 

22 
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Appendix E MULTIBUS COMPLIANCE LEVELS 

The Multibus Specification allows optional levels of 
compliance in several areas. This section describes 
Multibus attributes supported by the SOU. 

Data Path The SOU supports a 16-bit data path on the 
Multibus. Byte swapping techniques are used to allow both 
8-bit and 16-bit cards to work in the system. 

Memory Address Path The SOU supports a 20-bit Multibus 
memory address path. Multibus cards using 16-bit or 24-bit 
addressing may not be compatible. 

l/0 Address Path The SOU supports a 16-bit 1/0 address 
path but does not act as an 1/0 slave. 8-bit 1/0 address 
path slaves are supported. 

Interrupt Attributes The SOU supports only nonbus-vectored 
interrupts over the Multibus. 

Multibus Arbitration The SOU supports the Multibus daisy 
chain priority resolution scheme and drives CCLK* and BCLK* 
on the Multibus. CCLK* is driven at 10 megahertz but BCLK* 
(arbitration clock} is driven at 5 megahertz to permit up to 
seven potential masters on the Multibus. The SOU has two 
potential masters on it--the 8088 and the NuBus converter. 
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