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CHAPTER 1

1.0 INTRODUCTION

1.1 Maintenance Manual Contents - This manual describes the

hardware, application, operation, and maintenance of the
Robustness II Module (ACC Part #8100133) manufactured by

Associated Computer Consultants, Santa Barbara, California.

1.2 Maintenance Manual Organization - This manual is divided

into five chapters as follows:

Chapter 1 - Introduction

“hapter 2 - References

Chapter 3 - Physical Description and Installation
Chapter 4 - Address Selection, Programmino,

and Option Selection
Chapter 5 - Drawings, Parts List, Schematics

1.3 Robustness II Module Overview - The Robustness 1II Module

consists of one dual-width printed circuit assembly as shown in
Figure 1-1. It was designed to enhance the Digital Equipment
Corporation (DEC) LSI-11 family of computer systems. Operating
on the LSI-11 bus (Q-bus)' as shown in Figure 1-2, the
Robustness 1II prdvides features required by systems operating

on telecommunication networks.

=1
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1.4 Robustness II Module Application - The Robustness II

Module provides a number of functions on a single module in
order to allow the programmer great flexibility in system

implementation while consuming a minimum of I/O space.

l.4.1 On-Board Boot Code Space - The programmer can use the
Robustness II Module to implement onboard boot code to start or
restart programs automatically. The Robustness II is availaole
with 4K or 8K words of EPROM, which take only two Q-bus address
spaces. This allows operating system software to be stored in
EPROM for downline lcading rather than on disk or tape. By use
of additional dual-width Memory Expansion Boards, which can be
attached to the Robustness 1II Module, additional program
storage is available.

175142 Manual Switch Registers - Four switch tegisters (64
bits) are provided to allow the programmer to store
semi-permanent (non-volatile) information such as system I.D.,
operational function configuration, or system address.

1.4.3 Elapsed Time Counter - For applications in which timing
must Dbe checked, a 10KHz counter/timer is provided that can be
read at the start and finish of an operation to give an
accurate account of the elapsed time during operation.

1.4.4 Watchdog Timer - A Watchdog Timer is provided to restart
the system if the Watchdog Timer Register is not "written"
every six seconds (or another of seven selectable timeout
periods). At a power or software failure, the Watchdog Timer
times out and reboots the system. This timer can be disabled
for maintenance or software development by setting a switch.
It cannot be accidentally disabled under software control.

1-2
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2.0 REFERENCES ]
2

2.k Reference Documents - The following documents contain

additional information on the Robustness II Module.

1. The TTL Data Book
Texas Instruments Incorporated

2. Interface Data Book |
National Semiconductor Corporation

3. The Bipolar Microcomputer Components Data Book
Texas Instruments Incorporated

4. The MOS Memory Data Book
Texas Instruments Incorporated

5. Microcomputers and Memories |
Digital Equipment Corporation

6. Microcomputer Interfaces Handbook
Digital Equipment Corporation

7. Schottky and Low~Power Schottky Data Book
Advanced Micro Devices, Incorporated

2-1
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CHAPTER 3

3.0 PHYSICAL DESCRIPTION AND INSTALLATION

I Robustness II Module Particulars - The Robustness II

Module is a dual width printed circuit board as shown in Figure
1-1. It is connected to the LSI-11 bus (Q-bus), and requires
One standard load to that bus. Though the Robustness II Module
does not use interrupts or DMA transfers, it does provide grant
continuity for interrupts and for DMA grant signals. The
Robustness II Module consumes approximately 2.5 Amperes at

+3Vdc. No other voltages are required.

3.2 External Cabling - Two connectors (J1 and J2) are provided

for external cable connection to the Robustness II Module. See

Figure 2-1 for an illustration of this interconnection.

3.3 Robustness II Module Organization - The Robustness II

consists of three main sections which are listed below and

explained in the subsequent paragraphs.

Boot PROM Section
Registers/Watchdog Timer
External Bus

=]
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3.3.1 Boot PROM Section - The two boot PROMs contain a total

of 512 words (512x16 bits) of PROM. Because of the address
space limitations of the LSI-11 bus I/0 page, only a portion of
this PROM space 1is used at any one time. Two configurations
for PROM use are available: 256 words of PROM or 128 words of
PROM. With the 256 word configuration, either of the 256 word
blocks may be selected by wire wrap jumpers. In the 128 word
configuration, any one of the four 128 word blocks may be
selected by wire wrap jumpers. These configurations  are
discussed 1in detail in Chapter 4. The actual I1/0 page address
of the PROM block can be set by the user.

3.3.2 Register Section - The Register Section contains eight
(word) registers that provide most of the Robustness IT Module
fur.~tions. The base address of this block of registers in the
I/0 page can be set by the user (see Section 4.1). The
registers listed below are described in Chapter 4.

00 Control/Status Register

02 Cell Address Register

04 Data Register

06 Timer/Counter Register (least significant word)

10 Timer/Counter Register (most significant word)

12 Switch Register No. 1 (read) Watchdog Timer (write)
14 Switch Register No. 2

16 Not Used

3.3.3 External Bus - External bus connections J1 and J2 are
provided to connect up to 256K words of external RAM, ROM,
PROM, EPROM or Bubble memory. All incoming control signals
provide open collector inputs to allow more than one external
bus connection at a time. Figure 1-2 illustrates the
interconnection of memory extension boardes to the External Bus.

3-2
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CHAPTER 4

4.0 ADDRESS SELECTION, PROGRAMMING, AND OPTION SELECTION

4.1 Robustness II Register Block Address Selection - The

register block address is controlled by the eight DIP switches

on U03 and one DIP switch on U7l. Figure 4-1 shows the DIP
switches on U03 and U71 and the associated address line of
each. The address block selected must not interfere with that
of an already existing device on the LSI-1l bus. When a DIP
switch is closed, the associated address line must be asserted
for a match. When a DIP switch is open, the associated address
line must be negated for a match. All switch settings must
match their appropriate address lines before the register bank

can be selected.

4.2 Control/Status Register (CSR) - This register provides
status and control to the other Robustness II registers, the
external bus interface, and the boot PROM section. The
following table describes each of the CSR bits. These CSR bits

are referred to in discussions of the other registers.

4-1
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15 14 13 12 11 10 9 -] 7 [ S 4 3 2 1 2

Not Watch BD2 BD2 Switch BD2 Ext. Ext. Board Timer

Invalid Write Noc Not Dog Is Can Is all Boot ‘ank Write 5ddr gddr 2 ;a:;?

Error Address Enabled Written Used Disabled Write There OK Select GEnable Enable Bit 17 Bit 16 Select nable
‘ R R R R = R R R R R/W R/W R/W R/W R/W R/W W

W = Write Only
R = Read Only
R/W = Read or Write

BIT DEFINITION

0 Timer/counter Latch Enable - Latches the 32 bits of the
counter/timer into the two counter/timer registers.

1 External Bus Select - Sets the external bus enable line
on the external bus. Also disables on-board EPROM and
enables the error bits 12, 13, and 14 to indicate
errors from the external bus rather than from the
Robustness II Module.

to

Extended Address Bit 16 - Used by the external bus to

extend the addressing capability of the 16 bit cell
address bus (CELADROO - 15).

Extended Address Bit 17 - Used by external bus to

3
extend the addressing capability of the 16 bit cell
address bus (CELADROO - 15).
4 Board 2 Write Enable - A high (1) sets the write enable
line on the external bus. A low (0) acts as a write
f protect for the external bus.
5 Switch Register Bank Enable - A low (0) enables Bank A

of both switch registers and a high (1) enables Bank B.

4=2
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6 Boot Select (if wire-wrapped into the PROM boot
addressing) - Selects one boot PROM block or another.

r 7 All OK - Indicates that the Robustness II module is
functioning, and that the external bus is functioning
if it is selected.

8 External Bus_ is There - Incoming signal line from
external bus asserted (high) indicates that there is a
board connected to the external bus.

; 9 External Bus Can Write - Incoming signal line from
i external bus bus asserted (high) indicates that the
board connected to the external bus is writeable.

10 Watchdog Timer Disabled - An active 1low (0) signal
| Watchdog Timer Disabled - An active low (0) signal
, indicates that the watchdog timer has been disabled by

switch 1 on the Robustness II card edge.

11 Not Used
12 Address Not Writeable - An error bit. When asserted

(high) indicates that a write was tried to read only
. memory. Any write to the Robustness II EPROM will
cause this error. An error of this type from the
external bus is possible but indication of the error
depends on the external bus configuration to so
indicate.

| 2 Address Not Write Enabled - An error bit. When asserted

i (high) indicates that a write was tried 1) to the
Robustness II EPROM, or 2) to the external bus while
CSR bit 2 (external bus write enable) was negated.

14 Invalid Address for Robustness II - When asserted
(high), indicates that the given address is out of
} range of the EPROM (either 4K or 8K words selected).

; When the external bus is selected and CSR bit 2 is
{ asserted (high), an error signal from the external bus

(BD2BAD) asserted (high) will also assert this error
I bit.

15 Error - Master error bit. Lcgical OR of CSR error bits
, 12, 13, and 14.

4-3
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4.3 Cell Address/Data Register - The Robustness II module

supports either 4K or 8K words of board EPROM memory. This
memory is accessed through two registers, the Cell Address
Register (address XX02) and the Data Register (address XX04).
To read a block of memory, the programmer 1loads the starting
address 1into the Cell Address Register, then reads the Data
Register. To access the next word, the Cell Address Register
is loaded with the next word address and the Data Register is
again read. Unlike a standard bus address, the Cell Address
Register addresses words only, so the first word is at address
0 (octal), the next at address 1, then 2, 3, 4, and so on. See

4.3.1 and 4.3.2 for details.

4.3.1 Cell Address Register - The cell address register 1is a
16 bit read/write latch. When written to, this register
latches the 16 bit word of address information onto the cell
address bus (CELADROO - 15). This address word selects one data
word, which is placed on the BDA bus when the data register 1is
read. The address word is used by the onboard EPROM (CELADROOQ -
11), or by the external bus (CELADROO - 15) 1if it has been
selected. The cell address register is configured for word
addressing only. The least significant bit of the cell address
bus (CELADROO) indicates low word/high word, not low byte/high
byte. This configuration extends the 18 bit address range to
256K words, from the normal 256K bytes usually accessable by an
18 bit address. A block of data can be consecutively read by
continually updating the cell address register with the address
of the next word of data, and then reading the <cell data
register.

4.3.2 Data Register - There 1is no actual hardware data
register. The address information latched onto the cell address
bus (CELADROO - 15) selects the memory word, and a read or
write to the cell data register performs a read or write to or
from the selected memory word. Since the memory word is
tri-stated (buffered) onto the BDA bus, an actual hardware data
register is not necessary.

4-4
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4.4 The Timer/Counter Registers 1 and 2 - The 32 bit

timer/counter runs continuously at 10KHz and can be latched
into the two timer/counter registers at any time by ORing a 1
into CSR bit 0. Then the registers can be read at the
programmer's leisure. The least significant word is at address
XX06, and the most significant is at address XX10. An event
can be timed by latching the timer/counter registers, starting
the event, and then reading the registers to get the starting
time. When the event is completed, the timer/counter registers
are again latched, and the first reading is subtracted from the
second to give the elapsed time in 10KHz increments. This may
be converted to a more convenient format, such as minutes,

seconds, tenths and hundredths, as required.

4.4.1 Details of Timer/Counter Registers 1 and 2 - The 32 bit
timer/counter uses a 10KHz clock, which is derived from a 1 MHz
crystal oscillator. A one written to bit 0 of the CSR latches
the 32 bits of the timer/counter, in two 16 bit halves, into
timer/counter registers 1 and 2 where they can be read. The 32
bits are latched so that one 16 bit half does not increment
into the next between reads and cause a false reading.
Timer/counter register 2 contains the most significant 16 bits.

4-5
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4.5 Watchdog Timer - The watchdog timer 1is provided as a

watchdog to the system. If the system fails to reset the
watchdog timer for any reason, the watchdog timer will
reinitialize the system. The watchdog timer 1is reset by
writing a 370 or 371 (octal) to address XX12 of switch register
1 before the timeout period has expired. The timeout period is
factory set at approximately six seconds, but may be changed as

explained 1in chapter 4. The watchdog timer may be disabled by

-

setting switch 1 to the D position. When the watchdog timer is
enabled, CSR bit 10 is asserted (l); when disabled, CRS bit 10

is negated (0).

4.5.1 Details of Watchdog Timer - The Watchdog Timer will
restart and reboot the CPU if the program in control fails to
reset the timer by writing 370 or 371 (octal) into the Watchdog
Timer Register. This ensures that hardware or software
interruptions to proper program flow do not disable the system
for any longer than one watchdog timeout period (factory set at
6 seconds). The timeout period can be changed by the user to
accommodate other programming environments. The Watchdog Timer
can be disabled by setting switch 1 to the D (disabled)
position.

NOTE

The Switch Register 1 (see 4.6) and Watchdog Timer
Register functions are performed by one dual
function register. A read of this register will
provide the contents of Switch Register 1. A write
of the correct code to this register will reset
the Watchdog Timer.

4-6
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4.6 Switch Registers 1 and 2 - The two 16 bit switch registers

will access a total of 64 bits of information through bank
selection. Switch register 1 will read Bank Al (16 bits) and
Bank Bl (16 bits), while switch register 2 will read Bank A2
(16 bits) and Bank B2 (16 bits). Bank selection is enabled by
CSR bit 05. A low (0) selects Bank A, and a high (1) selects
Bank B. Each of the bits is a wire wrap stake pair that, when
wrapped, equals a 1low (0), and when unwrapped, equals a high

(1) .

4.7 External Bus - The external bus consists of an address bus

(CELADROO - 15, and CSR bits 2 and 3 for extended address lines
16 and 17), a data bus (BDAOO =~ 15), and a control bus
(including CSR »it 01, external bus enable). Any number of
external devices may be connected to the external bus. All of
the incoming control lines are pulled up and are designed for
open-collector (wired-OR, active low) connection of a number of
boards. A total of 256K words of any type of memory may be
connected. RAM, ROM, EPROM, EEPROM, or Bubble memory can be

connected using the available control signals.

4-7
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4.8 Configuration of Options - The following options are

wire-wrap selectable by the user and are discussed in the
paragraphs that follow. A directory of wire wrap locations is
given in Figure 4-2.

- EPROM Memory Space

- Address out of Range Error
- Watchdog Timer

- Counter/Timer Reset

- Switch Register Wiring

4.8.1 EPROM Memory Space - The Robustness II Module provides
the option of either 4K or 8K words of onboard EPROM. Figure
4-3 shows the installation of 4K words of EPROM (2532) and the
associated 4K wire wrap jumper. For the 4K installation, pin 1
of the 24 pin 2532 EPROM must be inserted in Pin 3 of the 28
Pin EPROM socket. Figure 4-4 shows the installation of 8K words
of EPROM (2564) and the associated wire wrap jumper.

4.8.2 Address Qut of Range Error - CSR it 14 (INVADR)
indicates an address that is out of range for the onboard 4K or
8K word EPROM. The address limit has a default setting of 4K
words, but may be changed for 8K words. The procedure to change
the address limit is shown in Figure 4-5,

4.8.3 Watchdog Timer - The watchdog timer reinitializes the
system if it is allowed to time out. It can be disabled by
setting switch 1 to the D position. As set, the watchdog timer
will time out after approximately 6 seconds. This timeout
period can be changed by changing the input clock frequency.
There are eight clock frequencies available. Figure 4-6 shows
how to cut the existing trace and wire wrap the selected clock
frequency (time) to the input of the watchdog timer.

4.8.4 Counter/Timer Reset - The counter/timer runs
continuously and is normally reset only on system
initialization. An optional input is available that allows the
user to wire a reset switch into the counter timer reset
circuit. This allows the user to reset the counter/timer switch
by pushing a button. Figure 4-7 shows the connecting points for
a user supplied switch.

4-8
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4.8.5 Switch Register Wiring - The configuration for the 64
bits of the switch registers is shown in Figure 4-8. Each of
the 64 bits has a pair of wire wrap stakes designed to install
a jumper clip. If the clip is installed, that bit will read as
a zero (0). If the clip is left off, (open), the bit will read
as a one (1).

4.8.6 Boot PROM Block Address - The boot PROM block starting
address is selected by switches 3 through 7 on U71. Figure 4-9
shows how to set the switches for the address selected.

4.8.6.1 Boot PROM Block Size - The boot PROM block size |is
selectable as either a 128 word or 256 word block. Figure 4-10
shows how to set both configurations.

4.8.6.2 Boot PROM Confiquration - The Robustness II contains
two 28S42 PROMs. These PROMs are 512 X 8 bits each in low
byte-high byte parallel, and provide 512 16 bit words of PROM.
The PROMs can be configured in either 128 or 256 word blocks,
and the blocks may be either fixed or switched under software
control. Figures 4-11 and 4-12 show the possible
configurations and the wire wrap Jjumper configurations for
each.

4-9
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0 O
E20 E21 E22 E23

On Board Address Range Check

Wire Wrap for 4K Words EPROM (Factory Wired)

2

S Y oud
E20 E21 E22 N5~ .

On Board Address Range Check
Wire Wrap for 8K Words EPROM (User Wired)

Cut the trace on layer 6 (solder side of board)
between E22 and E23

Add a wirewrap jumper between EZ0 and E21

Figure 4-5
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Watch Dog '
E-Point Signal Timeout Period*

If a Watchdog Timeout of other than
6 seconds is r:quired, wirewrap one
of Pins E8-El4 to E15 and cut the

E7 TMRGS 6 Sec. !

£ 10
existing E7 to E15 trace. on 24 sec.
Czs )9 12 Sec. '
o
BlS = - —ppOEL TMR11 48 Sec.
R3I-
~ T 2
Input To Watchdog 5N ~® 01l TMRO4 .37 Sec. '
Timer/Counter & S j
\\ \~
N \\ O E12 TMRO6 1.5 sec.
AN \~
\\ 0 E13 TMROS .75 sec. :
O E14 TMRO7 3 Sec.
* Times are approximat:
Figure 4-6 Watchdog Timer Counter Input Select }




~--0""0--0 E24 BRESET-

l———--——-——o E25 GND

Off Board Switch connected by the
User to reset the counter/timer to zero.

Figure 4-7
15 13 N ] 7 w3 1
BIT 3
14 12 10 8 6 4 2 0
LA R BN NN N oo Coo0oooe Closed reads 0
tessseas I E N E NN NN Open reads 1
1
\ n
Il.
SWlB SW2B
Lsa LSB
SWlB SW2B
M58 MSB
SWLA SW2A
LSB LSB
40-Pin Connector SWLA SW2A
MSB MSB

4C0=Pin Connector

64-Bit Wire Wrap Stake Configuration

Figure 4-8
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Cut

\

o o}
El6 E17 El8 El6 E17 E18
BDO8 MATO08 MATOS8 BDO8 MATO8 MATOS8
128 Words Boot ROM Space 256 Words Boot ROM Space

Figure 4-10

r--o E26 U85, Pin 2 ROMO8 Latch O E26 U85, Pin 2 ROMO8 Latch
|
o I o =28 aw s j—==—0 E28 3ND
S&/ e/
- !
zomo8 © roMO8 O —-—
o E29 VP o E29 P
O E30 BOTSEL o E30 BOTSEL
Address Controlled by Address 3us Address Line Grounded, Selects First
One-Fourth of ROM
Figure 4-11
O E26 U85S, Pin 2 ROMO8 Latch OE26 U85, Pin 2 ROMO8 Latcn
_ © E28 GND O E28 GND
romog "7 o"'|
L--oE29 v |  OE29 VP
|
© E30 BOTSEL - —0E30 BOTSEL
Address Line Pulled High (Up), Selects Address Line Selected by Control Status
Second One=-Fourth of ROM Register Bit &

Figure 4-12
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TLACHS TLATCH

OO0 o]
E4 ES E6
TLATS

Production Use Only

Figure 4-13

O E31 WRDOUT

Signal Deleted but Avaliable for Use

J2 layer 6, pins 26, 27, 28, and 29 are not attached directly
to the ground plane, but are available for use when trace is
cut. Used as extra signal lines on external bus.

Figure 4-14
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5.0 DRAWINGS, PARTS LIST, AND SCHEMATICS

Drawing Revision Drawing
Number Level Date Title
8100133 2 = P.C. Assembly

(4 sheets) Robustness II Mo‘iule
2600466 6 - Logic Diagram

(6 sheets) Robustness II Module
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