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FOREWORD

The material in this manual is for informational purposes only and is subject to
change without notice. GenRad assumes no responsibility for any errors or for

consequential damages that may result from the use or misinterpretations of any
procedure in this publication.

GenRad

We warrant that this product is free from defects in material and
workmanship and, when properly used, will perform in accordance
with applicable GenRad specifications. If within 90 days after
original shipment it is found not to meet this standard, it will be
repaired or, at the option of GenRad, replaced at no charge when
returned to a GenRad service facility. Changes in the product not
approved by GenRad shall void this warranty. GenRad shall not be
liable for any indirect, special, or consequential damages, even if
notice has been given of the possibility of such damages.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES,
EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED
TO, ANY IMPLIED WARRANTY OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE.

GenRad poliey is to maintain produet repair capability for a period
of five years after original shipment and to make this capability
available at the then prevailing schedule of charges.

SERVICE POLICY

After ninety (90) days following original installation, the product will be repaired at
our then prevailing schedule of charges.

Your local GenRad office or representative will assist you in all matters relating to
product maintenance, such as calibration, repair, replacement parts and service
contracts. Field servicing of GenRad system products can be accomplished by any
of the following methods:

- By GenRad on a contract specifying a fixed price per period.

- By GenRad on a per call basis with no contract, or

- By the customer, after purchase of spares and service training from

GenRad.

July 1980
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SAFETY PRECAUTIONS

WARNING
Beware of possible internal lethal voltages present even though AC
power has been disconnected. Death or serious bodily injury ean occur.

Only qualified personnel should perform any service or repair of the
system components.

CAUTION

Before attempting any service, repair, or power switch setting changes,
turn power OFF and disconnect unit from power source.

CAUTION
Before turning power ON remove the cardboard card from the floppy

disk drive slot. Save this card. Reinsert it before transporting the unit
to another location.

CAUTION
Do NOT operate the system with top cover removed. Serious damage to
internal components may result due to overheating.

CAUTION
Before disconnecting the power cable, main unit, or any peripheral, turn

power OFF. Do NOT perform any disconnection while system is oper-
ating.
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SECTION I
INTRODUCTION

1.1 SCOPE AND ORGANIZATION

GenRad operating and service information for the 2515 Computer-Aided
Test System is supplied in the following publications:

2515 Computer-Aided Test 2515-0100
System Operating Manual

2515 Computer-Aided Test 2515-0101
System Service Manual

2515 Computer-Aided Test 2515-0102
System Diagrams and Parts Lists

This manual is intended for use by qualified service technicians who have
attended the GenRad 2515 service training course and prerequisite courses. The
user is assumed to be familiar with the Digital Equipment Corporation PDP-11
Unibus operation, LSI-11/23 Processor operation, peripheral interfaces, general
digital circuitry, as well as the system components, terminology, general hardware
controls, and basic software procedures as described in the system operating
manual.

This service manual contains theory of operation for the GenRad manufac-
tured hardware components, alignment procedures and diagnostic programs and
instructions for their use. Service of the 2515 system depends primarily on the use
of the diagnostic software. The diagnostic programs exercise and test both GenRad
and vendor units within the system. The diagnostics section provides
troubleshooting aids to isolate a problem to a particular board. Background
information on the units and circuits is provided to aid understanding and effective
use of the diagnosties. Appendices containing a manual reference list, mnemonics
and abbreviations, and specific data are included in the back of this manual.
Hardware manuals for the vendor components are supplied with the system.

- The Diagrams and Parts Lists volume 2515-0102 contains the assembly
drawings, parts lists, and detailed schematics that are referenced herein.

1.2 GENRAD FIELD SERVICE

Our warranty attests the quality of materials and workmanship in our
products. If difficulties do occur, our service engineers will assist you in anyway
possible. If the difficulty cannot be eliminated by use of the service material
provided, contact the nearest GenRad service facility and give full information
about the trouble and the actions taken to remedy it. Describe items by type, serial
number, and ID numbers.
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1.3 EQUIPMENT RETURN

Before returning any equipment to GenRad for service, obtain a "Returned
Material" (or RM) number from the nearest GenRad office. Use of this number in
correspondence and on a tag tied to the returned item will ensure proper handling
and identification. For equipment not covered by warranty, a purchase order should
be forwarded to avoid unnecessary delay.

For return shipment, use the original packing, shipping cases, or packaging

that will protect the unit from damage during transit. Advice may be obtained from
the nearest GenRad office.

1-2



1.4 SPECIFICATIONS

2515-0101

Table 1-1 lists the specifications for the 2515 systems.

Table 1-1. List of Specifications

DIMENSIONS AND WEIGHT

Main Chassis:
Height
Width
Depth
Weight

Storage Chassis:
Height
Width
Depth
Weight

Keyboard Chassis:
Height
Width
Depth
Weight

Printer Chassis (Opt):
Height
Width
Depth
Weight

POWER REQUIREMENTS

Voltage
Frequency

ENVIRONMENT

Temperature
Humidity
Safety Standard
Test Standard

10.5 inches (18 em)
17.0 inches (43 em)
24.0 inches (41 em)
70.0 pounds (31.5 kg)

0 inches (10 em)
0 inches (15 em)
0 inches (23 em)
2

4,
6.
9.
3.2 pounds (1.45 kg)

1.5 inches (4 cm)
19.0 inches (48 em)
8.5 inches (22 em)
5.6.pounds (2.52 kg)

4.0 inches (10 cm)
17.0 inches (43 em)
17.0 inches (4.3 ¢m)
12 pounds (5.4.kg)

120, 220, or 240 nominal
50/60 Hertz power 500 watts
650 watts, standard system
800 watts, fully loaded system

10°C to 45°C, operating
20% to 80% RH @ 40°C
UL 1244 Specifications
GenRad Class 2
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Table 1-1. List of Specifications (continued)

INPUT

Number of Baseband Mode Channels:
Number of Zoom Mode Channels:
Frequency Range:

Anti-Alias Filters:

Dynamic Range:

Amplitude Flatness:

Input Sampling:

' Channel-to-Channel Match:

Input Impedance:

Input Coupling:

Sensitivity:

Maximum Operating Level:
Maximum Voltage:

BASEBAND RESOLUTION

Bandwidths:
Frame Size:

Frequency Lines:

Four analog channels standard (optionally
expandable to 16).

Two  channels standard  (optionally

expandable to 8).

DC to 25.6 kHz with alias protection on all
channels.

15 selectable digital filter ranges below
25.6 kHz. One analog filter at 25.6 kHz.

>70 dB with 12 bit A/D conversion.

+0.25 dB over the entire frequency
range.

Simultaneous sample and hold (all
channels).

< 0.4 dB amplitude difference,

< 2.0 degrees phase difference to 10 kHz
< 4.0 degrees phase difference to 20 kHz
< 8.0 degrees, phase difference to 25 kHz

100K ohm shunted by <150 pF.

AC (-3 dB at 0.8 Hz), DC, PCB transducer
bias source.

8 ranges (62.5 mV, 0.125 V, 0.25 V, 0.5 V,
1.0 V, 2.0 V, 4.0 V, 8.0 V peak input) and
auto ranging.

10 V (full-scale sensitivity typically
tolerates a 25% overrange).

Protected to 25 V.

15 selectable ranges from 1.28 Hz to 20.5
kHz, plus 25.6 kHz.

6 selectable ranges from 256 to 8,192
points/channel.

320 alias-free lines for every 1,024 input
points in the frame.



2515-0101

Table 1-1. List of Specifications (continued)

Maximum Resolution (lines):

Maximum Number of Channels
Number of Frequency Lines
(Cross-Channel Acquisition  Standard Optional
Mode) Memory Memory
320 16 16
512 12 16
640 8 16
1280 16
2560 12
Z00M
Operation: User specified window in the range DC
to 25.6 kHz.
Control: Center frequency selectable to 1.0 Hz
: resolution anywhere in DC to 25.6
KHz range.
Bandwidth: Selectable in powers of 2 from 2.5 Hz
to 20.5 kHz.
Resolution: Same as baseband mode for one-half
the number of channels.
PROCESSING

Measurements Performed:

Time domain:

Frequency domain:

Amplitude domain:

Block Arithmetic Operations:

1-5

Input time, averaged time, auto
correlation, cross correlation, impulse
response.

Input spectrum, frequency response
function, coherence, auto power
spectrum, linear spectrum, power
spectral density, Cross power
spectrum, transmissibility, coherent
output power.

Probability density function,
cumulative distribution function.

+, -, X, ¥, integration (single or
double), differentiation (single or
double).
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Table 1-1. List of Specifications (continued)

AVERAGING

Types: Additive, subtractive, exponential,
peak hold.

Control: Run, stop, resume, automatic reject,
manual reject.

Weighting Windows: Uniform, Hanning, flat top, special
(Blackman-Harris), forece (impact),
response (impact), correlation (zero
padding).

TRIGGERING

Acquisition Modes: Free run, auto arm trigger, manual
arm trigger.

Free Run: New measurement initiated at
completion of previous measurement.

Automatic or Manual: New measurement initiated when
signal into armed trigger channel
meets specified threshold. Any
channel may be used for trigger.

Trigger Level: ' Adjustable percentage of full scale.

Trigger Slope: +or -

Trigger Delay: Pre-trigger and post-trigger delays
Pre-trigger: <T (T is the time of one frame)
Post-trigger: <32,000t (t is sample interval)
Resolution: +3 At

External Trigger: TTL level.

Overlapped Processing: 0%, 50%, Max.
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Table 1-1. List of Specifications (continued)

STORAGE

Capacity:
Spectrum Recall:
Setup/Recall:

OUTPUT SIGNALS
Sine Wave:

Random Noise:

Band Translated Random Noise:

Amplitude Adjustment (all signals):

DISPLAY
Size:

Resolution:

Graphics:

Formats:

Cursors:

Single:

Sideband:

Harmonic:

10 Mbytes on Winchester drive and 0.5
Mbytes on mini~-floppy drive.

Data can be stored and retrieved with
calibration and annotation inform-
ation.

Multiple setup states can be stored
and recalled.

1 Hz to 25.6 kHz in 1 Hz increments.
4.5 Vrms maximum level.

25.6 kHz fixed bandwidth. 1.0 Vrms

maximum level.

Noise bandwidth concentrated in
analysis band (including zoom bands).
1.0 Vrms maximum level.

Adjustable attenuation of output level.

7-inch (diagonal measure).

640 lines horizontal.
480 lines vertical.

Real-time displays of measurement
data with interactive format and unit
selections.

Full screen, split sereen (top/bottom),

superimposed displays of measured
functions.

Main cursor and reference cursor for
relative readouts.

Up to 7 on both sides of main cursor.

Up to 15 at harmonies of main cursor.
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SECTION II
INSTALLATION

This section describes the GenRad installation policy for the 2515 System,
installation, not normally performed by the customer, the procedure for power
switching, and the factory installed jumper configurations.

2.1 INSTALLATION POLICY

Initial installation is to be performed by the customer. Normal installation
procedures are described in the 2515 System Operating Manual 2515-0100.

2.2 SWITCHING POWER

The system is designed to operate at 110 VAC or 220 VAC. Power setting
will normally be performed prior to shipment. If after installation, should on site
power requirements change the following steps are to be followed:

a. Switch power ON/OFF switch to OFF.

b. Disconnect power cable from AC power source.

c. Remove 6 pan head screws from sides of top cover and carefully lift
cover off unit.

d. On right side of power supply, locate small rectangular opening.
Visually inspect interior switch.

e. Using a %" flat screwdriver, push switeh up for 220-240V; push switch
down for 120V.

f. On rear panel locate 120V versus 220-240V label and remove the two
retaining screws.

g. With new power setting facing outward, re-attach label.

h. Replace cover and 6 screws.

i. Before unit is connected to ac power source, be certain power cable
plug and fuse are changed to accommodate the new voltage setting.

(120\; requires a 8A slow blow fuse, 220-240V requires a 4A slow blow
fuse.



2.3

2.4

2515-0101

CRT INSTALLATION

To install a new CRT assembly, perform the following in order:

a.
b'

C.

d.

€.

g.

h.

i.

k.

Switeh power ON/OFF switch to OFF.
Disconnect power cable from AC power source.

Perform steps b. through k. of paragraph 3.3.5 to remove faulty CRT
assembly.

Position CRT into system through top side and slide forward to the
front panel assembly.

Replace 4 screws to secure CRT and bezel to front panel assembly.

Lift hinged mounting plate to expose underside. Position CRT control
board onto underside of mounting plate and secure with 4 allen head
serews.

Connect 10-pin connector (from display board) to right side of CRT
control board.

Replace WINCOS5 right side slide bracket and secure with 2 screws.
Replace WINCO5; slide unit into system through front panel.
Connect DC power connector P3 to WINCO5.

Connect P/J connector cables to WINCO05.

Be certain WINCO05 assembly is seated properly; secure by tightening
the 4 mounting serews to the frame to hold the drive.

Replace bottom cover and tighten the 9 retaining screws.
Rotate unit so that top side is on top.

Connect system power cable to AC power source and switch power
ON/OFF switch to ON.

Perform standard CRT alignment procedures.

Replace top cover and secure by tightening 6 pan head screws.

POWER SUPPLY INSTALLATION

To install a new power supply, perform the following in order:

a.

b.

Switeh power ON/OFF switeh to OFF.

Disconnect power cable from AC power source.



c.

d.

e.

2515-0101

Perform steps b. through m. of paragraph 3.3.4 to remove faulty power
supply assembly.

Place new power supply into system through the top side.

Connect AC and 5V rear connectors.

Secure top cover panel (8 screws) to power supply.

Connect base panel (4 serews) holding line filter and splitter board.
Connect remainder of rear connections. These wires should be marked
to ensure proper connection to new power supply. If not, refer to the
interconnect diagram, figure 3-2, and to the vendor manual listed in
Appendix A. Once connections are completed properly, mark
connecting wires to facilitate future servicing.

Install rear access panel with 4 retaining serews.

Put on bottom cover and secure 9 retaining serews.

Rotate system so that unit is upright for use (top is at top).

Replace top cover and secure with 6 pan head screws. If power fail
adjustment is required, see following sub-paragraph 2.4.1.

2.4.1 Power Fail Option

Access to the power fail (PF) adjustment potentiometer (pot R17) is through
the PF hole in the power supply top cover. The power fail threshold and reset signal
is factory set at 86-90/172-180(VAC) with all outputs loaded to nominal output
current. To check and/or adjust, perform the following:

a.

b.

c.

Connect a scope probe to J1-5 with respect to J1-4. Also connect a
5.1k resistor from J1-5 to an external +12V source.

The power fail signal shall be a logic 1 when the AC input voltage is
above the threshold or reset levels.

To set, adjust the AC line to the lower end of the threshold window and
adjust the power fail potentiometer so that the signal just goes low.
Slowly raise the AC input voltage and check the power fail reset (back
to a logic 1) level. The reset level should be back to a logic 1 before
the AC input reaches the upper threshold limit. If not, reset the PF pot
R17. :

2.5 JUMPER CONFIGURATIONS

The following represents factory configurations for the various board
assemblies being used in the 2515 Computer Aided Test System.
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2.5.1 Unibus Memory Board, Cambex 207-104-600 Rev. A
Jumpers:

J-1 Not jumpered
J-2 Jumpered

Switch Settings:

Switeh 1 Switeh 2 Switeh 3
1-5 = OFF 1-4 = OFF 1 = ON
6-7 = OFF 5-6 = ON 2 = OFF
7-8 = OFF 3 =ON
4-5 = OFF
6-7 = ON

2.5.2 Serial Line Interface Board

2.5.2.1 Serial Line Interface Board, PM-DLV11J.

Channel 1 will be equivalent to 422 setup on wire jumpers: 1G-1F 1C-1B
Channels 2 - 4 will be equivalent to 232 setup as follows:
From To

Channel 2 2E 2F

2B 2D
Channel 3 3E 3F
3B 3D
Channel 4 4E 4F
4B 4D
Baud Rate Selection: Channel 1 =300 Wire Wrap Pin G
Channel 2 = 9600 Wire Wrap Pin F
Channel 3 = 1200 Wire Wrep Pin F
Channel 4 = 1200 Wire Wrap Pin F

Data Word Format: 1) There are 8 data bits.
2) There is no parity on all channels.
3) Number of stop bits equals 2 (same as before).

Break Response Jumper: E4 - E5 Will give halt when break is desired.



2.5.2.2
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Switch Settings:

Switeh 1, Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin

Switeh 2, Pin
Pin
Pin
Pin
Pin
Pin
Pin
Pin

OFF Channel 1 starts at address 775640.
OFF

ON

OFF

OFF Channel 2 starts address at 775650.
OFF

OFF

ON

{1 LI A L { I 1 I 1

O -3 U WN -

OFF Channel 3 starts at address 775660.
ON

OFF

OFF

OFF Channel 4 starts at address 775670.
ON

OFF

OFF

00 ~3 U W

Vector Base Address 340-370 will put Switch 1 - 4 to OFF.

Serial Line Interface Board, DEC DLV11J.

Channel 1 is configured to 422 set up on wire jumpers:

MO
NO

X to 2
X to 2

Channels 2-4 are configured to 232 setup as follows:

Channel 2 M1, N1 X to3d
Channel 3 M2, N2 X to3
Channel 4 M3, N3 Xto3
Baud Rate Selection: Channel 1 = 300 Wire Wrap Pin T
Channel 2 = 9600 Wire Wrap Pin N
Channel 3 =1200 Wire Wrap Pin W
Channel 4 = 1200 Wire Wrap Pin W

Date Word Format:

There are 8 data bits accomplished by D connections at 1 to
X for all four channels.

There is no parity on all channels:

Jumper E Xto0
P Xtol

Stop Bits:

Channel 1 = 2 S Xtol
Channels 2-4=1 S Xto0

2-5
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2.5.5
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Break Response Jumper: X and H are jumpered to give halt when break is
desired.

Address Jumpers:

Pins

A5
A6
A7
A8
A9
Al0
All
Al12

dJumpered

Xtol
Removed
Installed
Xtol
Xtol
Xto0
Xtol
Xtol

Vector Base Address 340-370 is configured by the following:

Pin
Pin
Pin

V5
V6
V7

Xtol
Installed
Installed

Winchester Interface Board

Jumpers E2 - E3
E4 - E5
E7 - E8
E10 - E11
E12 - E13
E14 - E15
E16 - E17

Floppy Interface Board

Jumpered 3 and 10

Give auto boot to automatically come up to RT-11.
Sets Winchester at standard address of 774400.
Sets Floppy to its standard address of 777170.
Disables 22 bit addressing.

For internal test purposes.

For internal test purposes.
For internal test purposes.

LSI-11/23 Processor Board

w18
w1
w4
w5
wé
w7

is removed (enables wakeup circuit).
is installed (master clock).
is removed (BEVENT line enable).

is removed.

is installed (power up mode to execute Boot).
is removed (enter ODT on HALT).
W8 - W15 are installed.
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2.5.7

2.5.8

- 2.5.9

2.5.10

2.5.11

2.5.12
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Memory Controller Board
Switeh Settings:

OFF
ON
OFF
ON
ON
OFF
ON
OFF
OFF
OFF

L | O | | O T I 1

CPU and PROM Boards

These boards are the same with present systems.

Display Board

Interrupt Vector Select Jumpers: V6, V5, and V4 are jumpered.
V1, V2, and V3 are not jumpered.

Address Select Jumpers: SD4 and SD5 are jumpered.
SD3, SD6, SD7, and SD8 are
not jumpered.

Utility Board

Switch Settings:  E1 shorted to E2 E1l1 shorted to E12
E3 shorted to E4 E19 shorted to E21
E5 shorted to E6 TP3 shorted to TP4
E7 shorted to E8

Channel Control Board

Wire tie 1 to wire tie 2, wire tie 3 to wire tie 4.

25 kHz Channel Board
E3 to E34 E2 to E1

Front Panel Control Board 2

El, W1, and W2 shunted.

2-7






2515-0101

SECTION Il
MECHANICAL AND DISASSEMBLY

This section contains the physical desecription, interconnections, and dis-
assembly instructions required for proper service of the 2515 CAT System hardware.

Table 3-1 lists the major components supplied for the standard system. Table
3-2 lists the available factory installed hardware options. Specific parts
information for GenRad manufactured components are found in the Diagrams and
Parts Lists manual 2515-0102. Refer to the appropriate vendor manual listed in
Appendix A for vendor supplied components.

Table 3-1. List of Major Components Supplied

Discription Part Number

2515 Computer Aided Test System 2500-9700-1, -2

(Bench Top; 128K, 110V/220V)

Chassis Sub-Assembly 2515-2041
Front Panel PCB Assembly 2515-2042
CPU Board 2501-4700
PROM Board 2515-4709-01
Utility Board 2515-4705
Memory Controller Board 2515-4702
Medium Resolution Display Board 2515-4706
Channel Control Board 2515-4701
25 kHz Channel Board 2515-4700
Winchester/Floppy Controller 1765-3223
Serial Line Interface 1765-0066
Unibus Memory 1765-1112
LSI-11/23 CPU 1765-0553
Power Supply 6067-0068
Monitor Kit, 7" 1765-5537
CRT Frame 2515-8048
Keyboard 1765-7002
Winchester Disk Drive 1765-3221
Floppy Assembly 2515-2043
Cables

Power 2515-2029

Jumper, 10" BNC-BNC(1) 1923-2098-1

Jumper, 7' BNC-BNC(2)
Diskettes, 52" Floppy (1 Box)

3-1
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Table 3-2. List of Optional Equipment

Description

Part Number

Rackmount Kit 2515-9400
Channels 5-8 2515-9401
Four Additional Channels 2515-9402
Large Screen Monitor 2515-9403
Extended Memory 2515-9404
Dual Floppy Disk Drive 2515-9405
Printer/Plotter 2515-9406
Shipping Case (System Unit) 2515-9407
Shipping Case (Monitor and Printer) 2515-9408
Paper, Printer/Plotter, Case 2515-9410
Diskettes, Mini-Floppy 2515-9411
Box of Ten (10)
Diskettes, Dual Floppy, 2515-9412
Box of Ten (10)
Q-Bus Expansion 2515-0113

3.1 PHYSICAL DESCRIPTION

Dimensions and weights are listed in Table 1-1. All standard components,
except for the Keyboard and Floppy assemblies are located within the main chassis.
The following sub-paragraphs describe the major components and their location.

3.1.1 Chassis Sub-Assembly

The 2515 chassis sub-assembly, part number 2515-2041-1D, consists of the
front panel assembly, card cage chassis, rear panel assembly, top and bottom covers,
and other miscellaneous hardware required to house the 2515 system components in
a compact, portable unit. Two machined handles, left and right, facilitate lifting.
Additionally, a tilt stand located on the front bottom of the chassis can be utilized
to angle the unit to facilitate viewing. The following sub-paragraphs describe the
major components comprising the chassis.

CAUTION

Do not operate system with the top cover off. Serious
damage to components may result.

3.1.1.1 Front Panel. Two major assemblies comprise the front panel: Front Panel
Sub-assembly P/N 2515-3001 and Front Panel PCB Assembly P/N 2515-2042.

a. Front Panel Sub-Assembly The front panel sub-assembly includes the
CRT frame, P/N 2515-8048 and the lower front panel, P/N 2515-8026. When
installed, the display monitor CRT is framed by and mounted onto the CRT frame.
The lower front panel is machined to fit over the POWER ON/OFF rocker switch
(DPST, 16A, 250 VAC), BOOT/HALT toggle switch, and five BNC connectors.

3-2
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b. Front Panel PCB Assembly The front panel PCB assembly consists of
four items: label overlay, upper front panel, and control panel boards 1 and 2. The
label overlay adhers to the upper front panel and both have identical cutouts through
which the momentary button switches and LEDs on control panel 1 protrude, making
them visable and available to a user. Note that of 21 LEDs, only 14 are used in this
system; of 101 available switches, 79 are currently used. Unused LEDs and switch
capabilities are available for future expansion. Control panel boards 1 and 2 are
discussed in Section IV, paragraph 4.3.

3.1.1.2 Card Cage Chassis. The card cage chassis, part number 2515-8047, is
primarily a center bracket and a single, three-sided, machined enclosure with card
guides sufficient to hold a total of seventeen circuit board assemblies. Of the
seventeen slots, eleven are used by 6-wide boards and six are used by 2-wide
boards. In the standard system eleven slots are used leaving three 2-wide and three
6-wide slots available for future expansion.

The center bracket separates the space left by the six 2-wide board
assemblies. Both pieces are joined to the center bulkhead by socket screws.

3.1.1.3 Rear Panel Assembly. The rear panel assembly, part number 2515-3000-ID,
is available in two modifications, Rev. 5 and Rev. 6. Rev. 5 is for systems manufac-
tured prior to September 1984. Rev. 6 is for systems manufactured after September
1984 and has been designed to accept the Q-Bus Option and two additional BNC con-
nectors.

This assembly consists of a footed bezel to which a 4 x 5" fan screen, 4 x 5"
122 CFM fan, power plug connector, 6 amp fuse and holder, floppy and Winchester
cable assemblies are connected. Two handle brackets are used to secure the
assembly to the left and right side handles on the chassis.

The fuse is slow-blow, 8 ampere, 125-volt, 3AG and should be replaced as
required. For 220V operation a 4 ampere, slow-blow fuse is used.

3.1.1.4 Covers, Top and Bottom. The top cover, part number 2515-8015, fits over
the top and both sides of the system attaching to the inside edge of the side handles
by six screws and measures approximately 16-2/3 W x 23-1/3 L inches.

The bottom cover, part number 2515-2003-1D, is a flat, machined piece
with cutouts onto which two filters are mounted. The bottom is attached to the unit
by nine serews.

CAUTION

Do not operate system with covers removed.
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3.1.2 Power Supply and Line Filter

The power supply used, part number 6067-0068, is Model RSF500
manufactured by ACDC Electronies Corporation. It provides four channel output of
+5V, +12V, +15V, and -15V. Input voltage is 115/230 VAC and is switch selectable.
See Section II, paragraph 2.2 for switch setting instructions.

Additional AC line filtering is provided by a 10 amp line filter, part number
5280-1354.

Refer to the vendor manual listed in Appendix A for additional power
supply details.

3.1.3 Drive Interconnect

This assembly, part number 2515-4710, is simply a flat, machined board
with J connectors sufficient to provide interconnections for the floppy disk drive,
the Winchester disk drive, the WINCO05 interface board, and the power supply.-

It is located directly beneath the power supply and is mounted to it by four
Allen screws. The line filter is also mounted onto the drive interconnect for
convenience. Sufficient connector space (J2B) has been reserved for the future
addition of a second floppy connector.

3.1.4 Fan and Cooling

A 122 CFM fan provides air flow for the circuitry allowing a maximum of
450C. Operating the system without the cover attached or without one or more of
the 6-wide circuit card assemblies will cause a rapid heat increase and probable
damage to components.

3.1.5 Backplane

The backplane (or motherboard), part number 2515-4704, is a printed
eircuit board located below the card cage and above the bottom cover. Each of the
board assemblies are normally seated onto 78 connector housings which are designed
- to accommodate eleven 6-wide boards and six 2-wide boards, six of which are spare
in the standard system. The backplane provides power, grounding, and signal routing
for the board assemblies. The backplane card slot designations are shown in figure
3-1.

Thirteen pan-head screw terminations are provided on the backplane for
+5-volts, +12-volts, ~15-volts, and +15-volts power and digital and analog grounds.
One 16-pin header, J17, receives the power from the power supply to feed the
Floppy drive with +5V, +12V and ground. One 40-pin header, J11, connects the
backplane to the input connector located on the rear panel which will feed power to
a printer, if connected. Sixteen Berg headers (two 2-pin, two 6-pin, and twelve
4-pin) connect the backplane to rear and front panel connectors and to the CRT.
Table 3-3 lists the backplane connections.
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Table 3-3. Backplane Connections

From Connector Pin To Connector Pin Function

Channel 1 BNC P1A 1 Ch. 1 HI
2 Ch. 1LO

Channel 2 BNC P1A 3 Ch. 2 HI
4 Ch. 2LO

Channel 3 BNC P2A 1 Ch. 3 HI
2 Ch. 3LO

Channel 4 BNC P2A 3 Ch. 4 HI

4 Ch. 4LO
Test Out BNC P9 Test Signal
Test Ground

DN =

P1B Ch. 1HI
CH. 1LO
CH. 2LO

CH. 2 HI

Input Connector

W N

P2B CH.
CH.
CH.

CH.

O DN =
>R w
N

P3 CH.
CH.
CH.

CH.

> O D) =
oo,
EESE

P4 CH.
CH.
CH.
CH.
CH.
CH.
CH.

CH.

P5

GO DD = O D)
O O WWOo 00 ~3 =~
|l oy =
CESEEESE

-

P6 CH.
CH.
CH.

CH.

ZzZ22 rEXRaamT mHHEm oo S

QYO e
[ ey
DO DD =
|y
TE 5
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Table 3-3. Backplane Connections (Continued)

From Connector Pin To Connector Pin Funetion

P7 1 Input Connector P CH. 13 HI
2 P CH. 13 LO
3 R CH. 14 LO
4 R CH. 14 HI

P8 1 S CH. 15 HI
2 S CH. 15 LO
3 T CH. 16 LO
4 T CH. 16 HI

P10 1 Ext. Trig. BNC EXTRIN
2 GND
3 Ext. Sample GND
4 Clock BNC EXTCLK

P13 1 Comp. Video #1 BNC COMPVID I
2 GND

P12 1 TTL Video, C2 2 V SYNC (Signal)
2 c2 1 V SYNC (Shield)
3 C2 6 H SYNC (Signal)
4 C2 10 H SYNC (Shield)
5 C2 8 COMP VIDEO (Signal)
6 C2 10 COMP VIDEO (Shield)

3.2 INTERCONNECTIONS

A description of the unit interconnections is found in the 2515 System
Operating Manual, 2515-0100 (Section II, paragraph 2.9) Refer also to the overall
interconnection diagram, figure 3-2.
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3.3 DISASSEMBLY PROCEDURES
General disassembly of the chassis sub-assembly is supported by assembly
diagram 2515-2014. Specific procedures for removing covers and major internal
components are given in the following sub-paragraphs.
WARNING

Lethal voltages are present. Before attempting

removal of any assembly or component, switch power to

OFF and disconnect from power source.
3.3.1 Top Cover, Removal

a. Remove 6 pan head screws _from sides of top cover.

b.  Carefully lift cover up and off.

3.3.2 Bottom vaer, Removal
a. Disconnect system from power source/wall outlet.
b. Rotate system to rest on the side.
c. Remove the 9 retaining screws.
d. Lift bottom cover off.
| 3.3.3 Winchester WINC05, Removal
a. Disconnect system from power source/wall outlet.
b. Rotate system so that it rests on right side.

c. Remove bottom cover of system by performing procedure in
paragraph 3.3.2.

d. Remove the 4 mounting serews from frame holding the drive.
e.  Slide unit forward slightly.

f. Disconnect P/J connector cables. Using left hand, reach in to
disconnect de power connector P3.

g.  Slide unit forward and out of system.

3-10



3.3.4

3'3.5
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Power Supply, Removal
a. Disconnect system from power source/wall outlet.

b. Remove the top cover of system by performing procedure in paragraph
3.3.1.

c. Rotate system so that it rests on right side.

d. Remove bottom cover of system by performing procedure in paragraph
3.3.2.

e. Remove two serews from CRT mounting plate; slide plate forward.

f. At rear panel, remove access panel by removing the 4 retaining
serews.

g. Mark connecting wires before disconnecting to assure proper recon-
nection.

h.  Remove connections after marking.

i. To safely disconnect the AC and 5V connectors it will be necessary to
perform i and j.

je Remove 4 screws from base panel holding the line filter and splitter
board.

k. Remove the 4 screws from the top cover of the power supply. The
power supply will drop slightly. Cover will be free to remove.

1. Remove 8 screws holding cover panel. Complete the disconnection at
rear.

m. Pull power supply out from top of system.
n. To install new power supply use procedure in Section II, paragraph 2.4.
CRT, Removal

WARNING

High voltage of approximately 18 kilovolts is stored on
CRT assembly. Proceed with caution.

a. Disconnect system from power source/wall outlet.

b. Remove top cover of system by performing procedure in paragraph
3.3.1.

c. Rotate system so that it rests on right side.

d. Remove bottom cover of system by performing procedure in paragraph
303.2.
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Remove WINCO5 assembly by performing procedure in paragraph 3.3.3.
Lift hinged mounting plate to expose CRT control board.

Remove CRT 10-pin connector on right side of CRT control board.
Remove 4 allen head serews holding control board.

Remove screws retaining mounting plate and position (or remove)
plate and control board as necessary to remove the CRT.

Remove 4 screws holding CRT and bezel to the front panel assembly.

Slide CRT toward rear and lift out top side to remove.

Control Panel Boards 1 and 2, Removal

a.

b.

c.

e.

Disconnect system from power source/wall outlet.

Remove top cover of system by performing procedure in paragraph
3.3.10

Disconnect connector P1/J1.

To remove both boards together, remove the 4 mounting serews from
board 1.

To remove the boards separately, first remove the 4 mounting screws
holding board 2. Then remove 4 mounting screws holding board 1.

Reverse this procedure to replace boards.
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SECTION IV
THEORY OF OPERATION

This section contains functional and circuit descriptions for the GenRad
Model 2515 Computer-Aided Test System. Descriptions presented herein will be
detailed for equipment manufactured by GenRad. Vendor supplied equipment will be
described as required and supported by the appropriate vendor manuals listed in
Appendix A.

In addition to the diagrams contained in volume 2515-0102, the content of
this section is further supported by functional block diagrams for each board
assembly and related illustrations and tables. References will be made to supportive
documentation not contained herein.

4.1 OVERALL FUNCTIONAL DESCRIPTION

Under control of the DEC LSI-11/23 Processor, the 2515 Computer-Aided
Test System performs high speed analysis using multi-channel calculations. Four
25 kHz channels are provided in the standard system and are optionally expandable
to sixteen channels. Refer to figure 4-1.

In the standard system, thirteen circuit board assemblies and the display
monitor eircuitry interface compatibly via two major and four minor buses. These
buses are listed below and described in detail in paragraph 4.2.

LSI-11 Q-Bus (major bus)

2501 Microprocessor Bus (major bus)
Pseudo Unibus

Microinstruction Bus

A/D FIFO Control Bus

Channel Bus

The thirteen board assemblies used in standard systems are:

Serial Interface board - Memory Controller Board
LSI-11/23 Processor Board Medium Resolution Display Board
Winchester /Floppy Interface Board Utility Board

2501 Microprocessor (CPU) Board Channel Control Board

PROM Board 25 kHz Channel Board

Unibus Memory Board Control Panel Boards 1 and 2

The following paragraphs provide detailed descriptions of the 2515 system
components and capabilities.
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Figure 4-1. Detailed Functional Block Diagram,
2515 Compu*~r-Aided Test System
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4.2 BUS STRUCTURE

Six buses are used throughout the system. These are the LSI-11 Q-bus, the
pseudo-Unibus, channel bus, analog FIFO control bus, 2501 microprocessor bus, and
the miecroinstruction bus. The following sub~paragraphs describe the buses and how
they interact to accomplish required tasks.

4.2.1 2501 Microprocessor Bus

The microprocessor bus is a synchronous bus performing at times relative
to the master cloek, a clock pulse oceurring once each bus cyele (250 ns to 1000 ns).
The bus cycles are an integral number of 62.5 ns clock pulses in length. The
microprocessor bus performs the following three major functions:

1) Data transfers (16 bit word) are done from one bus device to another
as commanded by the microprocessor. A source device is selected by the
source field in the microinstruction and a destination device is selected by
the destination field in the microinstruction. The source and destination
devices decode their selection during the microinstruction prior to the
microinstruction in which the data transfer takes place. Readout of
microinstructions is always one instruction cycle ahead of the execution of
the microinstruction. The source device puts the data on the bus at the
beginning of the instruction cycle and holds the data on the bus for the
duration of the instruction eycle. At the end of the instruction cycle the
destination device receives the data by clocking it into a register with the
trailing edge of the master clock pulse.

2) The second major function of the microprocessor bus is to provide a
means by which devices on the bus may cause an interrupt in the
microprocessor. The device first makes an interrupt request at one of
seven levels of priority by enabling one of seven interrupt request lines.
The interrupt request lines are open collector ORed. More than one device
can request an interrupt on the same line at the same time.- When
priorities permit, the mieroprocessor enables one of seven interrupt grant
lines. The interrupt grant lines are chained so that only the first requestor
on an interrupt grant line sees the grant. On the cycle following the grant
the remote device enables eight interrupt vector lines to specify to the
microprocessor the address of the interrupt vector in the mieroprocessor's
control store. The microprocessor is then interrupted, executes the
instruction stored at the interrupt vector location and saves its return
address in the interrupted program.

3) The third major function of the miecroprocessor bus is to provide a
means for a remote device to signal its condition to the microprocessor.
The condition is either true or false and the microprocessor jump
instructions are controlled by the state of the condition. Thus the
microprocessor can do conditional jumps depending upon a condition
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signaled by a remote device on its bus. The condition is signaled by a single
line, the condition true line. The device which is to send its condition is
selected by the source field (also called the condition field) of the
microinstruction.

There are four types of bus interconnection lines used: 1) tri-state, 2) open
collector, 3) transmission line, and 4) totem pole, or regular TTL output.

Tri-state lines are used for the transmission of data. Generally a tri-state
driver enables the line at some time following the clock and the receiving device
takes the data from the bus at the next clock edge. The important characteristic
for these lines are the enable and disable times of the driver and the bus charge
time. The bus is thought of as a lump capacitance which must be charged by the
driver. The actual situation is more complicated, a weakly driven transmission line
with multiple reflections, but a lumped capacitance model is used as an
approximation.

Open collector lines are used where an ORing of several different drives is
desired, as in the interrupt request lines, or where the slow rise time of open
collector lines can be tolerated, as in the master clock delay control lines. The open
collector lines have a 390 ohm pullup resistor and are driven by U39 or by Ul1, Ul3,
U15 and U64 with the inputs wired to the enable.

Transmission lines are used for only two lines, the master clock (-MCOUT)
and the 16 MHz oscillator (OSCOUT). These lines are driven by U99 and U102,
50-ohm line drivers located on the microprocessor board. Unless the total
backplane length is very short these lines must have a controlled inpedance and very
short stubs leading from the bus to boards. The line could be a 100 ohm line
terminated with a 100 ohm resistor on the backplane or the last board on the line, or
if the line runs in both directions there could be a 100 ohm resistor at both ends,
fully utilizing the 50 ohm drive capability. The master clock is a transmission line
to minimize clock skew and to prevent ringing. The OSCOUT line is a transmission
line to prevent ringing and preserve pulse shape.

Totem pole, or regular TTL output, is used for lines where there is no

common bussing and moderate speed requirements. This includes the interrupt
grants, which are chained, and a few other lines.
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4.2.1.1 Bus Line Signal Names, Functions and Backplane Connector Pins.

DBO (C2J)  Data line, 16-bit, least significant.

DB1 (C1K)
DB2 (C2K)
DB3 (C1L)
DB4 (c2L)
DB5 (c1m)
DB6 (C2M)
DB7 (C1N)
DB8 (C2N)
DB9 (C1P)

DB10 (C2P)
DB11 (C1R)
DB12 (C2R)
DB13 (C18)
DB14 (c28)
DB15 (C2T) Data line, 16-bit, most significant.

OSCOUT (C1A) 16 MHz oscillator (transmission line). Master clock. It is a
negative going pulse of length 62.5 nanoseconds which repeats
with a period between 250 nanoseconds and 1000 nanoseconds,
depending upon the microinstruction being executed.

CNDTRU (C2D) Condition true line. Used to signal a condition from a remote
device selected by the source field to the microprocessor. This
is a tri-state line. The microprocessor jump instructions, jump
or not jump, depends on the condition signaled. The polarity of
the condition is arbitrary, since the software can reverse the
sense of the jump. Design capacitance is 200 pF.

INITL (C1D) Initialize line. When held low for a few microseeonds it resets
the microprocessor and other devices connected to the system.
The master clock (MCOUT) does not stop while this line is held
low. The initialize signal is driven from the LSI-11/23 processor
board via the Q-Bus. The pulse is about 1.0 miceroseconds long
and is derived from the LSI-11/23 initialize pulse (about 10 usec
long). This is an open collector line, with a pullup on the
microprocessor board. Thus it may be driven from different
locations. When the initialize ends, the microprocessor starts
executing the instruction at location zero in the control store.

Six lines are used to control the period of the master clock. These are
SCMO-SCM2 and DCM0-DCM2. The master clock has a period which is an integral
number of 62.5 nanoseconds. It can never be less than 4 clocks, or 250 nanoseconds.
For the purpose of computing the actual period, the period is considered to be 2
clocks long. Additional clocks are added depending upon which of the six lines are
pulled low. If the total number of clocks thus computed is 4 or less, the period will
be 4 clocks. If it is greater than 4, then the period will be the number of clocks
computed. The SCM lines are for the use of a device sourcing to the data bus and
they have values of 1, 2 and 4 clocks. Three DCM lines are for the use of the
destination device and also have values in binary steps. The most clocks that can be
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added are 7 for the source and 7 for the destination, which added to the 2 base
clocks, make a maximum period of 16 clocks, or 1 microsecond. These are open
collector lines with a capacitance of 200 pF.

SCMO0
SCM1
SCM2
DCMO
DCM1
DCM2

S0
S1
S2
S3
S4
S5
S6
S7
S8
DO
D1
D2
D3
D4
D5

- D6

D7
D8

V0
V1
V2
Iv3
Iv4
V5
IV6
Iv7

(C2E)
(C1F)
(C2F)
(C1H)
(C2H)
(C1J)

Add 1 clock for source device

Add 2 clocks for source device

Add 4 clocks for source device

Add 1 clock for destination device
Add 2 clocks for destination device
Add 4 clocks for destination device

The following 18 lines are the source and destination lines. They are
tri-state and come directly from the control store ROM outputs.

(D1A)
(D1B)
(D2B)
(D1C)
(D1D)
(D2D)

(D1E)

(D2E)
(D1F)
(D2F)
(D1H)
(D2H)
(D1J)
(D2J)
(D1K)
(D2K)
(D1L)
(D2L)

Source, least significant

Source, most significant
Destination, least significant

Destination, most significant

The following 8 lines are the interrupt vector lines. These are tri-state
and are used by a remote device to specify the address of the interrupt vector in the
control store.

(D1M)
(D2M)
(D1N)
(D2N)
(D2P)
(D2P)
(D1R)
(D2R)

Interrupt vector, least significant

Interrupt vector, most significant
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The following 7 lines are the interrupt request lines. They are open
collector and are pulled low by a remote device to request an interrupt. 7 is the
highest priority, 1 the lowest.

IR1 (D18S) Interrupt request, lowest priority
IR2 (D2T)
IR3 (D2V)
IR4 (D2V)
IR5 (E1B)
IR6 (E1C)
IR7 (E2D) Interrupt request, highest priority

The following 14 lines are the interrupt grant lines in and out. Each board
passes the interrupt grant from the in to the out pin, unless it is using the grant.
These are totem pole lines.

IGlin (F1A)  Lowest priority grant in
IGlout (F1B) Lowest priority grant out
IG2in (F1C)

IG2out  (F1D)

IG3in (F1E)

IG3out (F1F)

IG4in (F1H)

IG4out  (F1J)

IG5in (F2B)

IG5out  (F2D)

IG6in (F2E)

IG6out  (F3F)

IGTin (F2H)  Highest priority grant in
IG7out (F2J)  Highest priority grant out

4.2.2 Microinstruction Bus

This bus is actually part of the microprocessor bus but is described
separately here for purposes of clarity. The microinstruction bus is used solely for
communications between the CPU board and the PROM board. It comprises 32 data
line outputs from program memory and 16 address line inputs from the CPU
instruction counter. Besides the microinstructions (bits 0-8 and 27-31), the PROM
sends 18 lines of source and destination data (bits 9-26) from its control store. Both
input and output lines are tri-state. The data and address lines are listed below by
bit, signal name, and edge connector pin.
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Data Bit Signal Pin Data Bit Signal Pin
0 ROMDATO E2E 16 D7 D1L
1 ROMDATI1 E1F 17 D8 D2L
2 ROMDAT2 E2F 18 S0 D1A
3 ROMDATS3 E1H 19 S1 D1B
4 ROMDAT4 E2H 20 S2 D2B
3 ROMDATS E1S 21 S3 DiC
6 ROMDAT®6 E2S 22 S4 D1D
7 ROMDAT? E1K 23 85 D2D
8 ROMDATS E2K 24 S6 D1E
9 DO D2F 25 S7 D2E

10 D1 D1H 26 S8 D1F
11 D2 D2H 27 ROMDAT27 E1L
12 D3 D1J 28 ROMDAT28 E2L
13 D4 D2J 29 ROMDAT?29 E1M
14 D5 D1K 30 ROMDAT30 E2M
15 D6 D2K 31 ROMDAT31 EIN
Address Bit Signal Pin  Address Bit Signal Pin
0 ICO E2N 8 IC8 E1U
1 IC1 E1P 9 IC9 E2U
2 IC2 E2P 10 IC10 E1V
3 IC3 E1R 11 IC11 E2V
4 IC4 E2R 12 IC12 F1A
5 IC5 E1S 13 IC13 F1B
6 IC6 E28 14 IC14 F2B
7 IC7 E2T 15 IC15 F1C

4.2.3 LSI-11 Q-Bus

The LSI-11 Q-Bus is manufactured by Digital Equipment Corporation.
Refer to the appropriate vendor manual listed in appendix A for detailed
information on the Q-bus. A brief description is presented here.

The Q-bus consists of 36 bidirectional and 2 unidirectional signal lines
along which the LSI-11/23 Processor, memory, and I/0 devices communicate. The
Q-bus interfaces the Processor with the Serial Line Interface, Winchester/Floppy
Interface, and the optional DSD 440 Floppy Interface. The LSI-11/23 Processor is
able to communicate via the Q-bus with the Unibus memory and the 2501
microprocessor by utilizing the Q-bus interface on the Memory Controller board.
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The Q-bus lines have TTL inputs and outputs and are as follows:

Signal Pin
Data and address lines BDALO E2U
BDALI1 E2V
BDAL2 F2E
BDAL3 F2F
BDAL4 F2H
BDAL5 F2S
BDALS6 F2K
BDALY F2L
BDALS F2M
BDALY F2N

BDAL10 F2P
BDALI11 F2R
BDAL12 F28
BDAL13 F2T
BDAL14 F2U
BDAL15 E1B
BDAL16 E1lA
BDAL1Y7 E1B

Data transfer control lines BBS7 E2P
BDIN E2H
BDOUT E2E
BRPLY E2F
BSYNC E2J
BWTBT E2K
Direct memory access control lines BDMG E27
BDMR EIN
BSACK FIN
Interrupt control lines BEVNT F1R
BIAK E2N
BIRQ4 E2L
BIRQ5 E1A
BIRQ6 E1B
BIRQ7 F1P
System control lines BDCOK F1A
BHALT E1P
BINIT E2T
BPOK F1B
BREF E1R
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4.2.4 Pseudo-Unibus

This bus is a bidirectional bus used to interface the Unibus memory with
the rest of the system. Memory access is arbitrated by the Memory Controller. The
bus consists of control lines -MSYN and -SSYN, CO0 and C1, data lines UD0-UD15,
and address lines A0-A20. These lines are listed below by signal name and
connector pin.

Signal Pin
Control Lines MSYN B1V
SSYN B1U
Co B2U
C1 B2T
Data Lines UDo0 AlC
UD1 A2D
UD2 AlD
UD3 A2E
UD4 AlE
UD5 A2F
UD6 AlF
UD7 A2H
UD8 AlH
UD9 A2Jd
UD10 Ald
UD11 A2K
UD12 AlK
UD13 A2L
UD14 AlL
UD15 A2M
Address Lines A0 B2H
Al B1H
A2 B2J
A3 B14d
A4 B2K
A5 B1K
A6 B2L
A7 B1L
A8 B2M
A9 B1M
Al10 B2N
All BIN
Al2 B2P
Al3 B1P
Al4 B2R
Al5 B1R
Al6 B2S
Al7 B1S
Al8 ' B2E
Al9 B1E
A20 AlP
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The control signals for the Unibus memory are derived from the Q-bus
equivalents of these same control signals. Master sync (-MSYNC) is derived from
Q-bus signals -BDIN, -BDOUT, and -BSYNC. The slave sync (-SSYN) from the
memory is converted to -BRPLY for the Q-bus master device. Control bits, C0 and
C1, determine read/write and word/byte operations as derived from Q-bus signals

-BDIN and -BWTBT.

The sixteen lines of data UDO0-UD15, are sent to or from the Unibus
Memory via the Memory Controller for the device location being serviced.

Address lines A0-A21 are used to select the location at which to read or
write data depending on the condition of control lines C0 and C1.

4.2.5 Analog FIFO Control Bus

This bus is used by the Channel Control bus to send eleven lines of status
and address signals to the Memory Controller. The Memory Controller monitors the
status of the FIFO control bus to determine whether the FIFO device should have
access to the main memory factor and stores the overload bits for access by the
2501 microprocessor. The signals carried on the analog FIFO control bus are as
follows:

Signal Pin

Address Lines FARAO D2S
FARA1 D2T

FARA2 D2U

FARA3 D2V

~Status Lines FS0 C2U
Fs1 Cc2v

TRIG C1lv

FIFOCYC D1U
CKFIFO D18

4.2.6 Channel Bus

The channel bus is a bidirectional bus which interfaces the Channel
Control board with up to four 25 kHz channel boards. Through the channel bus, the
Channel Control board is able to provide control, timing, and data buffering to the
channel boards. Computation results and overload conditions are sent to the control
board via the channel bus.

Signal Pin
Stage Select Lines KO0 B2N
K1 B1P
K2 B2P
K3 B1R
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Serial Data Lines

Overload Control

Board Select

Filter Subperiod Selects

Subperiods

Channel Data Lines

Miscellaneous Control

2515-0101

Signal

SERCOS
SERSIN
SERCON

CLROVLD

BDSEL1
BDSEL2
BDSEL3
BDSEL4

FLTXO0
FLTXO0

SPADO
SPAD1
SPAD2
SPAD3

CHDBO00
CHDBO1
CHDB02
CHDBO03
CHDB04
CHDBO05
CHDBO06
CHDBO07
CHDBO08
CHDBO09
CHDB10
CHDB11
CHDB12
CHDB13
CHDB14

ABCO
ABC1
AECLR
AERND
CHINIT
CNUT
DILOUT
LDOUT
LDSRA
LDSRB
RDAD
RGBO0
RGB1
RGB2
RGDTA

4-12

Pin

B2E
B1E
B2D

E1V

E2S
E2R
E2P
E2N

B1F
B2F

B2S
B1U
B2T
B2U

A2M
AlIN
A2N
AlP
A2P
AlR
A2R
AlS

A2S

A2T
AlU
A2U
AlvV
A2V
B1A

B1S
B2K
B2L
B1j
AZB
E1J
B2K
B1L
B1H
B2H
B1K
E2H
E2F
E1H
E2J



Memory Address Lines

Board Read
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Signal

SPOUT
SRWRT
SUBPHE
TWSCLR
TWDEN
TWSCLK
MUWRT
WRTCLK

MADRO
MADRI1

BDRD1
BDRD2
BDRD3
BDRD4

4-13
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B1V
B2M
B1IN
B1B
B1C
B2B
E1C
E2T

E1B
E1F

E1S
E1R
E1P
E1N
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4.3 FRONT PANEL PCB ASSEMBLY

The circuitry contained on Control Panel Boards 1 and 2 of this assembly
is described in the following text and supported by the diagrams listed below:

Functional Block Diagram,
Control Panel Boards 1 and 2 Figure 4-2

Schematie Diagram, Control 2515-4707-2D
Panel Board 1

Schematic Diagram, Control 2515-4708-2D
Panel Board 2 ‘

4.3.1 Control Panel Boards 1 and 2

Control Panel Boards 1 and 2, performing together, serially transmit switch
locations and receive LED and tone generator data. They interface with the Serial
Interface Board using port P1. Transmissions are accomplished on Port 1 by the use
of RS-422 compatible line drivers and receivers. Serial data operates at 300 baud
and is comprised of one start bit, eight data bits (no parity bit), and two stop bits.

Board 1 decodes and transmits the selected switch locations to Board 2. It
receives 7 bits of timing and control from Board 2. Its output, -MUXOUT and
+MUXOUT, is transmitted via connector J1 which connects to Board 2 by an
interface cable.

Board 2 contains a burst mode, clock circuit, tone generator and UART
U17 to perform transmit and receive functions. Its outputs are connected to Board
1 by J2 and to the Serial Interface Board via port P1.

4.3.1.1 Initialize. A power up initialize circuit resets the receiver/transmitter
(UART U17), LEDs, and tone generator. An LM323K voltage regulator converts the
+12 volts to +5 volts.

4.3.1.2 Clock Cireuit. The clock is provided by a 1.2288 MHz crystal oscillator
U20 which drives two 4-bit counters, U21 and U18. These counters generate the
support clocks and data lines (C4-C6) used in both the transmit and receive circuits.

4-14



2515-0101

4.3.1.3 ‘Transmitter Function. Only 79 of the 101 available pushbutton switches
are used in the standard system. The logic is designed, however, to accommodate
the entire capability should future expansion be desired. The transmitting circuit
uses two 3 to 8 line multiplexers (U11l, U12) and one 1-of-8 line decoder (U3) to
convert 7 bits of parallel pushbutton data, DB1-8, to a serially encoded 10-bit

character. The DLV11-J, port 1, register assignments are as follows:

775640 Receive Status Register
775642 Receive Buffer Register
775644 Transmit Status Register
775646 Transmit Buffer Register

The transmitted data byte field is defined as two 8 by 8 switech matrixes,
using the seection bit (DB7) to determine in which matrix the button has been
pressed.

CO|CEC2
C0-C2 Scan columns C3
0 thru 7 C4 2nd 8 by 8
C5 (Matrix) 8 IMUXCLK —»
C3-C5 Scan rows C6 Upper Output l
A thru S
Cé6 Select upper
or lower switch C3
matrix C4 1st 8 by 8
CS Matrix
C6 (Lower)
(C0-C6)
A

1 scan cycle is completed every 53.3 ms (18.75 Hz).
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The transmitted data byte is further divided by vertical columns, horizontal
rows, and ground. The transmitter data octal address is 775642. A logic 0 on bit
DB7 indicates the section of pushbutton rows A through H. A logie 1 on bit DB7
indicates the section of pushbutton rows J through S.

When a pushbutton is pressed, the switch selection is transmitted via data

bits DB1-DB7. Switches are selected by section, row, and column in that order. The
bit assignments are shown below. Table 4-1 lists the front panel switches.

DB8 DB7 DB6 DB5 DB4 DB3 DB2 DB1

GND SEC ROW3 ROW2 ROW1 COL3 COL2 COL1

4.3.1.4 Data Select Output -MUXOUT. In the idling state both -MUXOUT
(output Y of U3) and U17 UART's TEOC (transmit end of character) output are high.
The two signals are NANDed together producing -CLR, which clears both the enable
and delay flip-flops U24. TEOC will go low when a character is transmitted. When
a front panel button is pressed, it causes a high to low transition on ~-MUXOQUT and
-CLR goes high allowing the enable flip-flop to be clocked by -ECLK. Once the
enable flip-flop has been clocked, pushbutton scanning is halted. @When the
pushbutton is released, ~-MUXOUT again goes high and at the end of the character
transmission TEOC goes high. This state makes -CLR low, thus clearing the enable
flip-flop. Pushbutton scanning then resumes.

4.3.1.5 Data Select Output +MUXOUT. When a pushbutton is pressed, a low to
high transition occurs on +MUXOUT (an output of U3). +MUXOUT is NANDed with
two counter outputs (from U21 and U18) producing a 105 microsecond negative
pulse. This pulse is inverted to produce -ECLK. The falling edge clocks the enable
flip-flop (at pin 1) disabling pushbutton scanning. -ECLK is also NANDed with
TBMT (transmit buffer empty signal of UART U17) and the output of U23 NAND
gate to produce -TDS. -TDS loads the data present at DB1-DB8 and TBMT goes
low. The falling edge of -TDS triggers a one-shot (U9) with a one-second delay.
When the pushbutton is released, scanning resumes.

4.3.1.6 Transmitter Burst Mode. The transmitter section will go into burst mode
after an approximately 750 milliseconds to 1 second time delay has elapsed and if a
pushbutton is still depressed. The falling edge of -DLY (U9 output) elocks the delay
flip-flop of U24. The delay output (pin 7) and the enable output (pin 5) are NANDed
together to produce +GATE(HI). The output of (delay flip-flop) U24, pin 7, and also
(-ECLK) must be high for TBMT to generate -TDS. Everytime the transmit buffer
is empty TBMT is generated and passed on as -TDS. Also, in burst mode -TDS
triggers and retriggers, the -DLY length gets longer with every trigger (~TDS).
Each time -TDS is gated, it triggers the one-shot. If the pushbutton remains
depressed, each retrigger that occurs increases its delay by the period between
triggers. The -DLY signal remains high until the button is released. When the
pushbutton has been released, retriggering ceases.
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Table 4-1.

LOCATION OCTAL

(SWITCH NO.) VALUE
SAO (S101) 000
SA1 (S90) 001
SA2 (S79) 002
SBO0 (S100) 010
SB1 (S89) 011
SB2 (S78) 012
SCO (899) 020
SC1 (S88) 021
SC4 (S8) 024
SC5 (S10) 026
SC7 (S9) 027
SDO (S98) 030
SD1 (S87) 031
SD2 (S77) 032
SD4 (S14) 034
SEO (S97) 040
SE1 (S86) 041
SE2 (S76) 042
SE4 (S22) 044
SE6 (S23) 046
SE7 (S24) 047
SFO0 (S96) 050
SF1 (S85) 051
SF2 (S75) 052
SF4 (S33) 054
SF5 (S34) 055
SF6 (S35) 056
SF7 (S36) 057
SGO (S95) 060
SG1 (S84) 061
SG2 (S74) 062
SG4 (S44) 064
SG5 (S45) 065
SG6 (S46) 066
SGT (S47) 067
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Front Panel Switches

SECTION

OouTPUT
OUTPUT
OUTPUT

OUTPUT
OouUTPUT
OUTPUT

OoUuTPUT
OUTPUT
VIEW SETUP
ANALYSIS
ANALYSIS

SETUP
SETUP
SETUP
VIEW SETUP

SETUP
SETUP
SETUP
DISPLAY
ANALYSIS
ANALYSIS

MEASUREMENT
SETUP

SETUP

ENTRY

ENTRY

ENTRY

ENTRY

SETUP
SETUP
SETUP
ENTRY
ENTRY
ENTRY
ENTRY
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NAME

Not Labeled
PLOT
Output signal

Spare
Spare
Spare

CRT BRT
Spare

Y SCALE
CONT
RUN

STATE
CHANS
FREQ
Spare

MODE

Spare

TRIG

BLOCK MATH
ARM

HOLD

WINDOW
Spare
LEVEL
Spare
-and E
SPC and F
SHIFT

AVERAGE
Spare

CHNL SETUP
Spare

+and J

+ and K

X and L
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Table 4-1. Front Panel Switches (continued)

LOCATION OCTAL
(SWITCH NO.) VALUE
SHO (S91) 070
SH1 (S92) 071
SH2 (S93) 072
SH3 (S94) 073
SH4 (S55) 074
SH5 (S56) 075
SH6 (S57) 076
SH7 (S58) 077
SJ0 (S80) 100
SJ1 (S81) 101
SJ2 (S82) 102
SJ3 (S83) 103
SJ4 (S66) 104
SJ5 (S67) 105
SJ6 (S68) 106
SJ7 (S69) 107
SKO (S70) 110
SK1 (S71) 111
SK2 (S72) 112
SK3 (S73) 113
SK4 (S62) 114
SK5 (S63) 115
SK6 (S64) 116
SK7 (S65) 117
SLO (S59) 120
SL2 (S60) 122
SL3 (S61) 123
SL4 (S51) 124
SL5 (S52) 125
SL6 (S53) 126
SL7 (S54) 127
SM7 (S48) 130
SM2 (S49) 132
SM3 (S50) 133
SM4 (S40) 134
SM5 (S41) 135
SM6 (S42) 135
SMY7 (S43) 137

SECTION NAME
STORAGE RECALL
STORAGE Spare
STORAGE Spare
STORAGE NEXTY
ENTRY Spare
ENTRY X and P
ENTRY +/- and Q
ENTRY Y and R
STORAGE STORE
STORAGE Spare
STORAGE Spare
STORAGE NEXT
ENTRY Spare
ENTRY +and V
ENTRY =and W
ENTRY Z and :
STORAGE SELECT
STORAGE DIR
STORAGE Spare
STORAGE NEXT*
ENTRY Oand S
ENTRY .and T
ENTRY ,and U
ENTRY ENTRY
CURSOR SDBD
CURSOR SDBD <
CURSOR SDBD >
ENTRY land M
ENTRY 2 and N
ENTRY 3 and O
ENTRY DEL
CURSOR HARMONIC
CURSOR STORE
CURSOR RECALL
CURSOR 4 and G
ENTRY 5 and H
ENTRY 6 and I
ENTRY CLR
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Table 4-1. Front Panel Switches (continued)

4-20

LOCATION OCTAL

(SWITCH NO.) VALUE SECTION NAME
SNO (S37) 140 CURSOR SINGLE
SN2 (S38) 142 CURSOR SET REF
SN3 (S39) 143 CURSOR REL/ABS
SN4 (S29) 144 ENTRY 7 and A
SN5 (S30) 145 ENTRY 8 and B
SN6 (S31) 146 ENTRY 9 and C
SN7 (S32) 147 ENTRY EE and D
SPO0 (S25) 150 CURSOR < CURSOR
SP1 (S26) 151 CURSOR Spare
SP2 (S27) 152 CURSOR > CURSOR
SP3 (S28) 153 CURSOR Spare
SP4 (S19) 154 DISPLAY NEXT¥
SP6 (S20) 156 DISPLAY CHANNEL PAIR
SP7 (S21) 157 DISPLAY UNITS
SRO (S15) 160 DISPLAY FULL
SR1 (S16) 161 DISPLAY SPLIT
SR2 (S17) 162 DISPLAY OVLP
SR3 (S18) 163 DISPLAY SWITCH UP/DOWN
SR4 (S11) 164 DISPLAY NEXT PAIR
SR6 (S12) 166 VIEW SETUP Spare
SR7 (S13) 167 VIEW SETUP Spare
SS0 (S1) 170 DISPLAY REAL TIME
SS1 (S2) 171 DISPLAY AVG
SS2 (S3) 172 DISPLAY MEM
SS3 (S4) 173 DISPLAY NEXT
SS4 (S5) 174 DISPLAY NEXT#+
SS6 (S6) 176 DISPLAY FUNCTION
SS7 (S7) 177 DISPLAY X Scale
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4.3.1.7 Receiver. The receiver part of UART U1l7 accepts an encoded serial
character and converts it to eight bits of parallel data, RD1-RD8. These eight bits
are used to illuminate the front panel LEDs for the various functions and to enable
the tone generator (see paragraph 4.3.1.8). Twenty-one LED capabilities are
available, however only fourteen are used in the standard system. Refer to table
4-2. The receiver data address field is shown below.

RDS8 RD7 RD6 RD5 RD4 RD3 RD2 RD1

DATA ENA3 ENA2 ENA1 ADD4 ADD3 ADD2 ADDI

Once the data is present at RD1-RD8 (data holding register is filled), RDA goes
high, then is inverted. This enables ~RDAR which resets the data available flip-flop
and gates the 3 to 8 line selector Ull. Three bits, RD5-RDY, are used as enable
lines to select which of the three addressable latches (U12-U14) to gate (to
illuminate the LEDs) or to load data into the tone generator address register. Three
bits of address, RD1-RD3 RD4, are common to the latches. RDS8 is the data line for
all LEDs. Latches U12-U14 are used to turn the LEDs on and off. The LEDs are
addressed as follows:

Table 4-2. Front Panel LEDs

Enable Disable

LED Octal Value Octal Value Switch Name

D1 200 000 S1 REALTIME

D2 201 001 S2 AVG

D3 202 002 S3 MEM

D4 203 003 S10 RUN

D5 204 004 S15 SINGLE

D6 205 005 S16 DUAL

D7 206 006 S17 OVLY

D8 207 007 523 ARM

D9 220 020 S24 HOLD
D10 221 021 S36 SHIFT

D11 222 022 S37 MAIN
D12 223 023 S48 HARMONIC
D13 224 024 S59 SIDEBAND
D14 225 025 REMOTE REMOTE

Note that an illuminated LED will remain on until the UART receives an explicit
disable. For example: To Illuminate LED CR8 (D8), the UART must receive an
octal 207. To disable CR8 the UART must receive an octal 007. Octal code 100
will reset all illuminated LEDs (and tone generator, if on at the same time).
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4.3.1.8 Tone Generator. The tone generator is comprised of six ICs (U3-6, 10),
one-half of U9 monastable multivibrator, and one speaker, SP1. Tone data is kept in
32 x 8 PROM U3 and uses 16 locations to produce 15 different tones ranging from
634 Hz to 1.422 kHz. This range covers more than one octave. The tone generator's
on time periods are totally software controlled.

The PROM's chip seleet (pin 15) is grounded so that any positive transition
on the address register clock line will latch the data. Address bit 5 (pin 14) is also
grounded so that only locations 0-15 are accessed. The address data, RD1-RD4,
from the UART is stored in register U10 and is latched into the PROM address
register by the positive edge of a pulse selected by RD5 and RD6.

The tone generator code uses six of the UART's eight address bits. Four
bits, RD1-RD4, are used as tone address bits. Bits RD5 and RD6 are the tone
enables. Bits RD7-RD8 are not used. The tone generator address field is shown
below.

RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1

NOT USED TEN2 TEN1 ADD4 ADD3 ADD2 ADDI

The tones are addressed as follows:

Enable Disable
Tone Base Freq Octal Value QOctal Value Tone Freq
0 153.6 kHz 060 060 000. Hz
1 153.6 kHz 061 060 317.35 Hz
2 153.6 kHz 062 060 347.5 Hz
3 153.6 kHz 063 060 357.2 Hz
4 153.6 kHz 064 060 378.3 Hz
5 153.6 kHz 065 060 400. Hz
6 153.6 kHz 066 060 424.8 Hz
7 153.6 kHz 067 060 449.12 Hz
8 153.6 kHz 070 060 477.01 Hz
9 153.6 kHz 071 060 505. Hez
10 153.6 kHz 072 060 533.3 Hz
11 153.6 kHz 073 060 564.7 Hz
12 153.6 kHz 074 060 600. Hz
13 153.6 kHz 075 060 634.7 Hz
14 153.6 kHz 076 060 673.7 Hz
15 153.6 kHz 077 060 711.1 Hz
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Once the data is latched, the PROM contents are present on U4 and U5
counter inputs. The counters count up to 15, then produce a ripple-carry-out
(RCO). Counter Ud's RCO output performs two functions: 1) it enables counter U5
to count, and 2) both counters' RCOs are gated together to produce a positive edge
to clock flip-flop U6. To clock the flip-flop, the count, from the preloaded values in
PROM, goes to 255. Then, when both U4 and U5 RCOs are high, the output clocks
U6.

Once the PROM has been accessed, the tone generator circuitry
continues to generate a square wave output which is ANDed with U9's one-shot pulse
to feed inverter U15. It is the positive going pulse (30-40 nanoseconds) from U9 that
gates the tone output to speaker SP1.

During power up, the PROM address register is cleared and the data
addresses location 0 (content octal 377). This sets all the counter inputs and RCO
outputs to high. There is no square wave output. On power up, the PROM stays at
location 0 until it receives a valid enable code (061-077).
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4.4 SERIAL LINE INTERFACE BOARD

The serial line interface used in this system is Model PM-DLV11J and is
manufactured by Digital Equipment Corporation. It is a 4-channel, asynchronous,
serial line interface between the LSI-11/23 Q-Bus and standard I/O devices, in this
case, the front panel PCB assembly.

The interface receives parallel data from the Q-Bus, converts it to a
serial word and transmits it to the peripheral device. It also receives the 10-bit
serial data word from the front panel PCB assembly (Control Panel Boards 1 and 2)
and converts it to parallel data for output to the LSI-11/23 Q-Bus.

Refer to the vendor manual listed in Appendix A for additional details.
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4.5 WINCHESTER/FLOPPY INTERFACE BOARD

The Model WINCO05 is manufactured by Advanced Electronies Design,
Inc., and provides DEC RX02 emulation for the 5i-inch floppy drive at a 0.5
megabyte capacity and RL01 emulation for the Winchester at 5.0 megabyte capacity
(for each of two RLO1 devices).

The WINCO05 has standard DEC address, vector, interrupt priority,
alternate address and vectors, bootstrap, and 22-bit addressing. The bootstrap
allows the user to boot using a console device, auto-boot on power up, and disable
the bootstrap.

More details and discussions are found in the vendor manual listed in
Appendix A.
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4.6 LSI-11/23 PROCESSOR BOARD

The LSI-11/23 processor board is manufactured by Digital Equipment
Corporation. The LSI-11/23 controls the 2515 system through the Q-Bus interface
lines on the memory controller board. The LSI-11/23 is a 16-bit, asynchronous, high

performance processor which functions using 3 chips: data, control, and memory
management. In addition, it's capabilities include the DEC KEF -11A floating point
consisting of two chips.

Through the Q-Bus lines the processor interfaces with the 2501
microprocessor (CPU board) and the main memory (unibus board). It interfaces with
the control panel boards 1 and 2 via the serial interface board.

More complete information can be obtained from the vendor manual listed
in Appendix A.
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4.7 MEMORY CONTROLLER BOARD
The following text is supported by the diagrams listed below:

Block Diagram, Memory Controller Board Figure 4-3
Schematic, Memory Controller Board 2515-4702-2D

The memory controller board arbitrates memory accesses among three
ports. These are the Q-bus, microprocessor bus, and analog input FIFO control bus
ports.

The only control the microprocessor has over the priority given to the three
ports is the ability to disable output from the FIFO. FIFO status signals also affect
the priority structure. The memory controller board also contains Q-bus slave and
interrupt vector interfaces. These allow the microprocessor to interrupt the
LSI-11/23 and act as a slave for three sets of Q-bus addresses (jumpered). This is
used to emulate Q-bus devices.

Q-Bus Port

One of the functions of the memory controller board is to make the Unibus
memory look like Q-bus memory. Two microprocessor registers, MAPMEM and
OFFMEM, are used to define a simple mapping of the LSI-11/23 address space into
the address space of the Unibus memory.

This board interfaces 18 address bits of the LSI-11 Q-bus with the 21
address bits of the Unibus memory. The board interface supports 21 of the 22
address bits allowed (A0-A20) on the Pseudo-Unibus.

Once the mapping registers are set up by the LSI-11/23, any Q-bus device
may do reads and writes from the Unibus memory in the same manner as for real
Q-bus memory. The LSI-11/23 memory mapping hardware can be used to access
memory areas up to the 18-bit address limit. Memory access beyond this limit is
only possible through the use of MAPMEM and OFFMEM or microprocessor initiated
operations.

Miecroprocessor Port

A memory data register (MDR) and 16 memory address registers (MAR) are
provided to allow the 2501 microprocessor (CPU board) to access the Unibus
Memory. Each address register contains a 20-bit address, Al through A20. A0 is
always assumed to be zero during a microprocessor access.

Two 16-bit registers, ARM and ARL comprise each MAR. The MAR to be
accessed is determined by control bits in the command register MCMD. Each
memory access is accomplished by reading or writing one of 16 microprocessor
registers called access initiators (AI). The Als use address and address inerement
information contained in their corresponding MARs. These registers are called
access initiators because each access to this register initiates a read/write
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~DSTAI | [
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u27-12 1
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+MSYN | ~
WRITE
+SSYNC TIME —’IJ 5

+ENDCYC 1

Figure 4-4. Timing Diagram, Mieroprocessor Write
Cycle (MOV RO, AI0)
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Figure 4-5. Timing Diagram, Microprocessor Read
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operation. This means that the data is actually written during the next microcode
instruction and that the data read is actually the data requested by the previous Al
access. The data register MDR is used to hold the data value for microprocessor
access but reading or writing this register does not cause the address in the MAR to

change.

Memory Write from Analog Input FIFO Port

The analog/digital FIFO control port uses only one way transfers. The same
16 address registers handling microprocessor access are also used to supply the
destination for the words coming from the FIFO. The Als are used to store the data
in much the same way as the microprocessor port except that the MDR is not used.
The Al to be used is stored in the FIFO along with each data point.

The following subparagraphs contain descriptions and discussions of the
major circuits contained on the memory control board.

Slave and Interrupt Interface

Three sets of Q-bus addresses in the I/O page are decoded and access to
these locations by the LSI-11 causes an interrupt on the microprocessor bus. The
microprocessor uses these interrupts to provide emulation of hardware devices on
the Q-bus. The microprocessor responds to reads and writes of the slave interface,
generates device interrupt requests and provides interrupt vector response.

4.7.1 Source/Destination Decoding

This decoding circuit receives 18 bits of source and destination data (S0-8
and D0-8) from the CPU board via the microprocessor bus.

Twelve of the bits, D3-D8 and S3-S8, are used to produce source and
destination code signals -AIMC (codes 240-257) and +SD8MC (codes 260-267) and six
clock and enable lines. The codes are listed numerically and described in Table 4-3.
The clock and enable lines are as follows:

DSTAI Destination is one of 16 access initiators.

DST8 Destination 8 is one of the other eight control/data
registers. The high output is applied as data to an 8-bit
addressable latch U115 to decode one of six possible
outputs.

SRCAI Source is one of 16 access initiators. The low output of
this signal is ORed with the decoder output ~-SRCMDR
to produce -MDROUT which clocks outputs of the
memory data register feedback circuit. The high
output of the signal ORed with +SRC8 produces
+SOURCE to provide a DIRection control input to the
microprocessor buffer circuit. The same signal is
inverted to also generate -SCMO to the CPU board
master clock cirecuit.
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SRCS8 Source 8 is one of elght control/data registers. In
addition to the function in the SRCAI description, thlS
signal is used as an enable input to decoder U95.

Eight bits, S0-S3 and D0-D3, once gated out flip flop U123 are used to
provide the address and control signals for the selected circuits. One function is to
provide the access initiator selection logic with S0L-S3L and DOL-D3L which are
multiplied to generate four bits of data MARAO-MARA3 to the address register
selection logic. Three source bits, S0-S2, are the select inputs to decoder U95
which produces six source address and control signals. Three destination bits, D0~
D2, are used as select inputs to 8-bit addressable latch U115 which generates six
destination address and control signals. In addition, three combined outputs from
both the decoder and the latch generate the address register read/write command.
The address and control lines are as follows:

CLRBFI Code 266, see table 4-3.
CLRQSI Code 267, see table 4-3.
SRCMCMD Source is memory command register. The four least

significant bits C4-C7 are written back to be 0.

SRCMDR Source memory data register. ORed with SRCAI to
produce MDROUT. See SRCAI description.

SRCARL Source address register least significant word. The
signal selects the A or B inputs of the address register
readback circuit. If low, the least significant word,
ARL data, is sent to the microprocessor data bus buffer
circuit and placed on the microprocessor data bus. If
high, the most significant word, ARM data, is sent to
the microprocessor data bus buffers.

SRCAR Source address register. See SRCARL description
above. SRCARL and SRCARM, ANDed together,
produce SRCAR. Used as the output enable for the
address register readback circuit.

SRCARM Source address register most significant word. See
description for SRCARL.

DSTOFF Destination offset memory register. Used to load the
16 bits of high and mid-range offset data in U111l and
Ul12.

DSTMAP Destination MAPMEM register. Loads the MAPMEM

register on the rising edge of the clock.
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DSTMCMD Destination is memory command register.
MDRIN Memory data register in.
DSTARL Destination address register least significant.

DSTARM Destination address register most significant. This
: signal provides the write enable input to each of the
four RAMSs in the ARM register.

RWAR Read/write address register.
DCM0/SCMO If any of the registers on this board is accessed the

appropriate clock delay bit is asserted on the
microprocessor bus for one additional clock delay.

Table 4-3. Source & Destination Codes, Memory Controller

Note: The action indicated is not begun until the last memory cycle
initiated by the microprocessor has been completed (the microprocessor is
put on hold if necessary). Detailed descriptions of the functions performed
by these registers are provided in later sub-paragraphs.

Code Name MEANING AS SOURCE MEANING AS DESTINATION
240 AIO ACCESS INITIATORS (READ) ACCESS INITIATORS (WRITE)
241 AIl ACTION FOR AIO-15: ACTION FOR AI0-15:

242 AI2 a) Read the current contents of a) Write to the MDR.

243 AI3 the memory data register (MDR).

244 A4 b) Initiate a memory read at the b) Initiate a memory write at the
245 AI5 address and in the specified address found in the specified
246 AIl6 address register (0-15). address register (0-15).

247 AI7 ¢) Add AAdr to the address ¢) Same as for source.

250 AIS8 register being used. AAdris

251 AI9 determined by the INCR field

252 AIl0 of the address register.

253 AIll d) Cause an interrupt in the micro- d) Same as for source.
254 AIl12 processor if the address bit

255 AI13 selected by ASEL field of the

256 AlIl4 address is at the level indicated

257 AIl5 by ASELHL.
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Table 4-3. Source & Destination Code, Memory Controller (Continued)

Code Name MEANING AS SOURCE MEANING AS DESTINATION
260 ARM Read the MSW of the address Write the MSW of the address
register specified by the ARS register specified by the ARS
field of the MCMD (memory field of the MCMD.
command register).

261 ARL Read the LSW of the address Write the MSW of the address

register specified by ARS. register specified by ARS.

262 MDR Read the memory data register. Write the memory data register.

All data transfers between
microprocessor and memory
occur through this.

263 MCMD Read memory command register. = Write memory command register.

264 MAPMEM — not used — Write memory mapping register,
defines three regions (Low,

Mid, High) in LSI-11 address
space.

265 OFFMEM — not used — Write memory offset register,
specifies offset addresses for
the MID and HIGH regions
defined by MAPMEM.

266 CLRQSI Clear interrupt from Q-Bus slave —- not used —

interface.

267 CLRBFI Clear interrupt from buffer full — not used —

or trigger event. Allow FIFO
output to eontinue.
4.7.2 Memory State Sequencing Circuit

This paragraph is supported primarily by
2515-4702-2D. The purpose of the cirecuit is to sequence memory accesses between
the 2501 microprocessor, the FIFO, and the Q-bus devices. The next device to be
serviced is based on the current device being serviced and the devices requesting
service.
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If the FIFO is almost full, the microprocessor bus and the Q-bus are locked
out and the FIFO will be serviced. If the FIFO is less than 3/4 full it is serviced in
turn. If it is less than half full it is serviced only if the memory is idle (i.e., not
servicing the mieroprocessor or Q-bus.) If all devices are constantly requesting
memory, service ordering is in turns. The FIFO, if full or nearly full, is first. If not,
the condition of the microprocessor or Q-bus dictates service ordering and the order
(assuming the microprocessor bus condition meets the criteria) is the microprocessor
first, then the FIFO, and after that the Q-bus. This order is repeated as long as all
devices are constantly requesting memory.

4.7.2.1 Timing. Timing is provided by the master clock on the CPU board which
provides ~-OSCOUT and MCOUT. These signals are buffered and supplied to the
sequencing circuitry as MC and OSC.

The master clock signal, MC, cycles once for every microprocessor
instruction cycle and is used to latch in source and destination registers.

The oscillator signal, +OSC, provides the 6.25 nsec per cycle clock to
synchronize state changes.

4.7.2.2 Memory State and Sequence PROM. Control PROM U28 receives four bits
of status data from the hold logic. These consist of an active request for memory
access by either the microprocessor (MRUP) or the Q-bus (MRQD) and two FIFO
status bits (FSOD and FS1D) which indicate how full the FIFO is. Two PROM
outputs (MS0-MS1) indicate the present state of the memory and the device to be
serviced. The third PROM output (STARTCYC) starts the memory cycle.

The condition of status signals MSO and MS1 indicate which cyele the
memory is currently in. If both MS0 and MS1 are logic 0s, the memory is idle. If
MS1 is a 0 and MS0 is a 1, the microprocessor is being serviced. If MS1 is a logic 1
and MSO0 is a logic 0, the FIFO is serviced. If both MS1 and MS0 are logic 1s, the
Q-bus is serviced.

4.7.2.3 Microprocessor Memory Access Cycle. Assume now that the micro-
processor has requested access to the main memory (Unibus memory). The request,
-MRUP, goes low to the sequencing PROM (U28). If no other request is being made,
the other inputs will be high. The PROM outputs memory state 01 (output MS1 is a
logic 0 and MSO is a logic 1) to the access initiator selection logic and the
microprocessor data bus buffer circuit. The microprocessor cycle signal, UPCYC,
becomes active for the duration of the cycle.

STARTCYC from the PROM causes the new MAR address to be computed
on ADRCK. Master sync signal MSYN tells the memory to write the current data.
During the memory ceycle the new address is latched into MAR by -WBACK. Once
the data is written the memory returns SSYN.
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If the microprocessor wishes to read data from the main memory a
microprocessor read signal (UPREAD) is generated in the hold logiec. The Unibus
data is then clocked into the memory data register and read back to the
microprocessor via bus transceivers U124 and U125.

'If there are no further requests for memory at this time, the sequencer
PROM goes to a logic 00 (idle state).

4.7.2.4 FIFO Memory Access Cycle. The state of the analog input FIFO is
determined by status bits FSI and FS0 from the Channel Control board. The FIFO is
serviced if one of three conditions prevail.

a. FIFO status bits FS1 = 0 and FS0 = 1 indicating the FIFO is less than half
full. The FIFO may be serviced then only if the memory is idle.

b. FIFO status bits FS1 = 1 and FS0 = 0 indicating the FIFO is more than half
full but less than three-quarters full. Then the FIFO is serviced in its turn,
which is following the mieroprocessor.

c.  FIFO status bits are both ones (11) indicating the FIFO is in excess of three-
quarters full (HOG mode). The memory is required to service the FIFO
exclusively and, in effect, lock out the microprocessor and Q-bus.

To accomplish the cyele FIFOCYC is sent low to the channel control board
to acknowledge that a FIFO cycle is in progress. This causes the current FIFO data
output to be placed on the pseudo-Unibus data lines. The data is not latched or
buffered by the Memory Controller board. At the end of the memory eyele CKFIFO
is sent to the Channel Control board to cause access of the next data value in the
FIFO.

4.7.2.5 Q-Bus Memory Cycle. If the Q-bus requests access to the main memory
the MRQD input to PROM U28 will go high. The PROM will then change the
memory state outputs to logic 1s. QCYC is then generated to enable the address
(A13-20) from the Q-bus memory mapper and Q-bus address latches onto the
pseudo-Unibus lines. Note that the address lines on the pseudo-Unibus are inverted
relative to normal usage of the Unibus. The Q-bus data to be written to the main
memory is then driven onto the pseudo-Unibus. If data is to be read from the main
memory onto the Q-bus, the Unibus data is driven to the Q-bus transceivers and on
to the LSI-11/23. The master sync signal MSYN tells the memory that there is valid
address and data on the pseudo-Unibus. Once a read or write has been completed,
the Unibus memory sends SSYN low to memory state sequencing ecircuit (via
backplane connector B1U) to advise the completion. An end of cycle (ENDCYC)
signal is sent high to the sequencer PROM.

4.7.3 Microprocessor Hold Logic

This paragraph is primarily supported by sheet 3 of schematic diagram 2515-
4702-2D. The microprocessor hold logic performs, controls, and reflects the states
of a memory access cycle requested by the microprocessor or the analog input FIFO.
If a Q-bus cyecle is indicated the circuits forward the active Q-bus data request bit
(MRQD) to the sequencing eircuit for action.
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One 256-word x 4-bit PROM, Ul4, and U27 latch act as a state machine.
This state machine is used to provide control of intermediate operations during a
memory cycle.

Since access to main memory is overlapped with execution of
microprocessor instructions it is possible for a memory access request to be
generated before the previous memory cycle is completed. There is also a potential
timing problem if one of the microprocessor registers on this board is accessed by
the microprocessor during a memory cycle. The signal, CLKHLD, is generated
during these states and is sent to the CPU board to cause the processor to "hold" in
the current microcode instruction until the previous memory access is completed.

There are eight states of a memory access cycle controlled by the hold
logic. These states are reflected by the logic present on three state bits ST2, ST1,
and ST0. The following sub-paragraphs describe the eight states.

State 0, IDLE ST2=0, ST1=0, ST0=0. The memory is idle and no access
request is pending. At this time all the inputs to the
state machine are zeros and are ignored. HOLD and
MRUP are zeros.

State 1, 6A ST2=0, ST1=0, ST0=1. This is an intermediate phase
during which the state machine has received an active
signal indicating a microprocessor memory cycle is
pending. HOLD and MRUP are zeros.

State 2, RQSTM ST2=0, ST1=1, ST0=0. At this time the microprocessor
is requesting access. -MRUP is sent low to the state
sequencing circuit to initiate sequencing the cyecle.
During State 2, HOLD will remain a 0 but MRUP goes
to 1.

State 3, MCIP ST2=0, ST1=1, ST0=1. This state indicates that a
memory cyele is in progress. During this state both
HOLD and MRUP are zeros.

State 4, RQSTM, RQST2 ST2=1, ST1=0, ST0=0. This indicates that a memory
request is in progress and a second request for memory
access by the mieroprocessor is being processed. Both
HOLD and MRUP go to logic 1.

State 5, RQSTM, RQSTR ST2=1, ST1=0, ST0=1. This state is entered if a memory
request is in progress and access to a register (ARL,
ARM, MDR, MCMD, MAPMEM, or OFFMEM) is
requested. Both HOLD and MRUP are logic 1s.

State 6, MCIP, RQST2 ST2=1, ST1=1, STO0=0. This shows that the second
request for memory access made by the microprocessor
is now in progress. HOLD is now a logic 1 and MRUP
goes to 0.

State 7, MCIP, RQSTR ST2=1, ST1=1, STO=1. This indicates that a memory

cycle was in progress when a register access was
requested. HOLD is a logie 1 and MRUP is a logic 0.
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4.7.3.1 Timing. Timing is provided by -OSCOUT and -MCOUT from the 2501
microprocessor bus via the backplane.

4.7.4 Al Selection, Microprocessor Data Bus Buffer Circuit

This paragraph will discuss sheet 4 of the schematic. The eircuit
performs three functions which are micro-processor data bus buffering, access
initiator selection logic, and pseudo-Unibus control lines. To perform these
functions the circuit uses two octal bus transceivers (U124 and U125), one quad
register (U102), one quad 2-input storage multiplexer (U97), one dual 4 to 1 data
selector (U42), and one quad data selector (U96).

4.7.4.1 Microprocessor Data Bus Buffering. Octal bus transceivers, U124 and
U125, allow asynchronous data transmission in either direction depending on the
logic level at direction control input DIR. The buffered data, C0-C15, carries the
data to be written from DB0-DB15 for a destination register and carries the data to
be placed on DB0-DB15 for a source register.

4.7.4.2 Access Initiator Selection Logie. The four address bits, ARA0-ARA3,
determine which of the 16 MARs is to be used for the current read/write operation.
For reading or writing the MAR registers the four least significant bits of U102
drive ARAO-ARA2 when -RWAR2 is low. Data selector U96 will be driven when
-RWAR?2 is high. The A inputs are selected if the FIFO is writing to memory and
the B inputs are selected if the microprocessor is accessing memory through the
access initiators. Eight bits (SOL-S3L and DOL-D3L) of latched source/destination
data are sent from the source/destination decoding circuit to provide the active
address to storage multiplexor U97. Dependent upon the state of the word select
(SEL) input, DSTAI, U97 selects one source and one destination bit from the two
4-bit inputs. The active address is sent from U97 along four lines, MARAO-MARA3,
to data selector U96. Four bits of FIFO status and address are also provided to U96
from the channel control board. If the FIFO requires service, these bits
(FARAO-FARAZ3) carry the required address.

4.7.4.3 Pseudo-Unibus Control Lines. The LSI-11/23 processor controls the
pseudo-Unibus lines through the memory controller circuits. The processor sends
two bits of command, DIN (data in) and WTBT (write byte), via the Q-bus interface
transceivers to data selector U42. The microprocessor sends UPWE from the hold
logic which will always indicate a word access. When the memory is ready to accept
an access, the memory state inputs, MS0 and MS1, select the data for output.

If WTBT is selected, control output lines C0 and C1 are both be zeros. If
a word is to be written to memory C0 is a logic 1 and C1 is a logic 0. If a word is to
be read, C1 is a logie 1 and C0 is ignored.

Control line C1 is also used by the Q-bus address latch circuit to control
its line drivers and receivers.
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4.7.5 Address Register Circuit

This paragraph discusses sheet 5 of schematic 2515-4702-2D. The circuit
is comprised of five address register multiplexers (U37, U50, U63, U76 and U86) and
eight 64-bit RAMs. The RAMs make up two register banks, ARM and ARL. The
ARM bank consists of U35, U48, U61, and U74. The ARL bank consists of U33, U46,
U59 and U72.

The address register circuit serves to decode and multiplex the selected
address, data, incremented value, and commands into 32 bits and drive them on to
the temporary address register and the full buffer detection circuits.

4.7.5.1 Address Register Multiplexers. The multiplexers receive the 16 buffered
data bits (C0-C15) from the microprocessor bus and the one incremented 20-bit
word new address (NEWAO-NEWA19) from the address register inecrementer circuit.
If the microprocessor is loading an address register, the C0-C15 bits drive the E0-
E16 bits and the -DISTARM and -DSTARL signals determine whether they are
loaded into ARM or ARL. If the address register is being updated by an AI operation
(-WBACK) then NEWAO-NEWA19 are loaded into ARL and the least significant four
bits into ARM. Multiplexer U86 supplies ARM RAM U72 with either the least
significant bits of the microprocessor data word or NEWA16-NEWA19.

4.7.5.2 ARM/ARL RAMs. These 16-word by 4-bit RAMs are built using Schottky
diode clamped transistors in conjunction with internal emitter coupled logic
circuitry. An active low write line (WE) controls the write/read operation of the
memory. When the chip select (CS) and write lines are low, data on the D inputs
(D0-D3) is written into the addressed memory word and preconditions the output
circuitry so that true data is present at the outputs when the write cycle is
complete. The outputs are always active since CS inputs are all pulled low.

The write eycle is initiated by the WE input going low during which time
the four memory outputs are floating.

Four bits containing the address from MCMD (+ARAO0-3) are applied to
the A inputs of each RAM. Write enable is provided by either ~-DSTARM and
-DSTARL from the source/destination decoding circuit or by ~-WBACK from the
memory state sequencing circuit. ~-WBACK will load the four ARL registers as well
as the four least significant bits of ARM.

The output of the RAMs is 32 bits, +G0 - +G31 containing the current
address, increment value, and control bits. These bits are bused from the address
register circuit to the temporary address register and to the address register
inerementer circuit.
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ARL Address Register Least Significant

Bit 15 14 13 12 11 10 9 8
Al5 Al4 Al3 Al2 All A10 A9 A8
Output G15 G14 G13 G12 G11 G10 G9 G8
7 6 5 4 3 2 1 0
AT A6 A5 A4 A3 A2 Al A0
G7 G6 G5 G4 G3 G2 G1 GO
ARM Address Register Most Significant
Bit 14 13 12 11 10 9 8
ASEL3 ASEL2 ASEL1 ASELO ASELHILO INCR4 INCR3 INCR2
Output G31 G30 G29 G28 G27 G26 G25 G24
6 5 4 3 2 1 0
INCR1 INCRO INTENB SPARE Al9 Al8 A17 Al6
G23 G22 G21 G20 G19 G18 G117 G16
Descriptions
Bit 0-19 A0-A19. 20-bit word address.
Bit 20 A20. Not used; spare.
Bit 21 INTENB. If bit equals 0, buffers full interrupts are enabled for this
buffer.
Bit 22-26 INCRO-INCR4. Specifies the auto-increment value to be added
into the 20-bit address after every memory cycle:
0 <INCR <16 AADR =INCR (0 to 16)
16 < INCR <26 AADR = 2x%(INCR-12) (16 to 16384)
27 < INCR <31 AADR = -2x*(INCR-27) (-1 to -16)
Bit 27 ASELHL. When selected end of buffer address bit matches
ASELHL, buffer full interrupt occurs if INTENB is 0.
Bit 28-G31 ASELO-ASEL3. Selects one of address bits A1-A16 to indicate the

end of a memory buffer. ASELS3 is used as an output enable strobe.
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4.7.6 Temporary Address Register Circuit

This circuit is divided into two sections: the address register readback
circuitry and the temporary address registers on sheet 6.

The function of this circuit is to perform two operations:
a. Allow microprocessor readback of either ARM or ARL registers.

b. Provide temporary storage of the address from the selected MAR,
demultiplex the information onto two separate buses, one of which
interfaces with the pseudo-Unibus and one which buses the data to
the address register incrementer circuitry so as to inerement the 20-
bit word address after each memory cycle.

The cireuitry consists of four quad data selector/multiplexers (U34, U47,
U60 and U73) with non-inverting three state outputs, five quad D registers (U75,
U36, U49, U62 and U85).

4.7.6.1 Readback Register. The two 16-bit words (G0-G31) from the ARL and
ARM registers are sent via the bus to the readback register. The readback register
consists of four quad data selectors: U72, U60, U47, and U34. If ARM is being read
back (-SRCARM) bits G16-G31 are selected to drive C0-C5. If ARL is to be read
(-SRCARL) bits G0-G15 are selected.

4.7.6.2 Temporary Address Register. The temporary address register consists of
five quad D registers capable of generating two sets of outputs, standard (Q) outputs
and three state (Y) outputs, onto separate data buses. The 20-bit address word (GO0-
G19) is applied in 4-bit bytes to the D inputs of the five registers.

This register is loaded from the currently selected MAR when ADRCK goes
high. The Y outputs, A1-A20, are sent via the pseudo Unibus address lines on to the
main memory. The Y outputs are disabled if a Q-bus access to memory is
performed. The Q outputs, K0-K19, are sent on the other bus to provide the 20-bit
word to the address register auto-incrementer.

4.7.7 Address Register Incrementer

This eircuit is divided into two sections. One section contains the address
register auto-incrementer which consists of five 4-bit binary full adders U38, US51,
U64, U77 and US8T7 on sheet 7. The auto-incrementer PROMs U52 and U55 (on sheet
6), supply the increment values. The other section contains the full buffer detection
circuitry consisting of two data selectors, U25 and U89, with true and inverted
three-state outputs, a hex inverter Ul1, and gates U12, U29 and U106 on sheet 7.

The function of the circuit is to compute the incremented address of the
MAR with a value specified in the ASEL0O-ASEL3 bits in the MAR. If the new
address has the bit specified by the INCRO-INCR4 bits of MAR is equal to the
ASELHI bit (of the MAR), the full buffer condition exists. An interrupt is enabled if
INTENB is 0 in the MAR.
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4.7.7.1 Address Register Auto-Incrementer. +INC0-INC15 from the auto-
increment PROMs and +K0-K19 from the temporary address register are sent from
the temporary address registers circuitry to provide the auto-incrementer with the

auto-increment value and the current address. U38, U51, U64 and U77 comprise a
20-bit adder.

The incremented output, 20-bit word +NEWAO0-19, is stored back in the
MAR. Sixteen bits, +NEWA1 -+NEWA16, are sent to the full buffer detection
circuit for monitoring of the FIFO condition.

PROMs U52 and U65 are 32W x 8B standard TTL programmable read-only
memories with three state outputs. Five MSBs, +G22 - +G26, sent to the PROM
inputs via the data bus, contain INCR0-4 from MAR specifying the auto-increment
value to be added into the 20-bit address after each memory cycle. Each PROM
generates 8 lines (total 16 lines) consisting of +INC0 -+INC15 auto-increment value
to be used by the auto-incrementer.

4.7.7.2 Full Buffer Detection. Four bits in ARM (ASEL0-ASEL3) allow
specification of which bit of the low 16 address bits will be used to generate a
mieroprocessor interrupt.

Sixteen bits of the incremented data address NEWA1-16 are applied to the
two data selectors (U25 and U89). Three bits, +G28-30 (ASEL0-2) in ARM, are sent
to the select inputs. +G31 (ASEL3) determines which of the selectors to enable.

The state of the select inputs will determine which bit will be ehosen, Al-
A16, to indicate the end of a memory buffer. If the selected bit matches the
condition of +G27 (ASELHL), and G21 (-INTENB) is 0 the FULBUF signal goes to the
mieroprocessor hold logic to initiate the interrupt.

4.7.8 Q-Bus Slave and Interrupt Control Circuit

This circuit provides control and status bits in the MCMD register which
allow the microprocessor to interrupt the LSI-11/23 and act as a slave for the
Q-bus. The circuit consists of line driver U20, quad D register U24, flip-flop U22
and hex inverter U67. Gates U21, U23 and U55 provide load control of the MDR.

4.7.8.1 Memory Command and Control. Sixteen bits of memory command, CO-
C15, are sent on the microprocessor data bus to control read and write functions.
The command register is shown below and is followed by bit descriptions.

15 14 13 12 11 10 9 8
FS1 FS0 MS1 MS0 Not Used IAKI INOUT INTACK

7 6 5 4 3 2 1 0
Not Used RPLYQ TRIGENB ENBF ARA3 ARA2 ARAl1 ARAO
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ARAO0-ARA3. These bits select which address register to access when
using ARL, ARM. See paragraph 4.7.5.

ENBF enables the analog input FIFO to write to the main memory. This
constitutes the only control the microprocessor can exert over the
memory access sequence.

TRIGENB enables trigger interrupts for all buffers.

RPLYQ is a reply to the Q-bus interface which is used to complete the
handshake to the LSI-11/23 for slave registers and interrupt vectors.

Not used.

INTACK is the interrupt acknowledge from the LSI-11/23. (Read only.)
ANDed with IRQ.

-INO)UT. This indicates Q-bus DATA IN or DATA OUT is active. (Read
only.

IAKI is interrupt acknowledge from the LSI-11/23.
Not used.

MS0, MS1. (Read only.) These two bits reflect the current memory
state to be:

00 Memory idle.

- 01  Microprocessor eyele in progress.

10  FIFO cyecle in progress.
11  Q-bus cycle in progress

'FS0, FS1. (Read only.) These two bits reflect the current FIFO status to
~ be:

00 FIFO empty.

01  FIFO less than 1/2 full but not empty.

10  FIFO less than 3/4 full but more than 1/2 full.
11  FIFO is more than 3/4 full.

The signal RPLY is sent to the Q-bus to indicate that the data has been

written or is now valid for reading. It is generated by either the microprocessor
slave response (RPLYQ) or by the slave syne signal returning from the main memory

(SSYNC).

An interrupt request to the LSI-11/23 generated by this board sets U22.

When the acknowledge signal (IAKI) returns and U22 is set INTACK generates a
microprocessor interrupt. If this board has not requested the Q-bus interrupt the
acknowledge is passed out to the next Q-bus device (IAKO).
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The signal which loads data into the MDR (CKMDR) is generated when one
of the following events occurs:

1)  Register load of Al or MDR (MC and MDRIN);

2)  Q-bus slave write (DOUT and REPLYQ); or

3)  Register load of Al register (MSYN and UPREAD).

In order for the mieroprocessor to emulate devices on the Q-bus, access to
the decoded addresses by the LSI-11/23 generates interrupts to the microprocessor.

The microprocessor must complete the slave handshake using the RPLYQ bit in
MCMD.

4.7.8.2 Interrupt Routines. The following routines show the general signal flow
used for interrupt routines used in device emulation.

a. DATO OR DATOB Interrupt Routine

1)  Lower +ENBF

2)  Wait for memory idle (MS0=MS1=0)

3) Save MDR

4) Raise +RPLYQ

5)  Wait for -INOUT to go high (inactive)
6) Lower +RPLYQ

7)  Receive data from MDR

8)  Restore MDR, raise +ENBF

9)  Return from interrupt L

b. DATI Interrupt Routine (word to LSI-11/23)

1)  Lower +ENBF

2)  Wait for memory idle (MS0=MS1=0)
3) Save MDR

4) Load data to send into MDR

5) Raise +RPLYQ

6)  Wait for -INOUT to go high

7)  Lower +RPLYQ

8) Restore MDR, raise +ENBF

9)  Return from interrupt

e¢. Procedure to cause Interrupt in LSI-11/23

1)  Raise +IRQ

2)  Wait for +INTACK to go high (INTACK causes an interrupt of
the mieroprocessor.)

3) Lower +IRQ and +ENBF

4)  Wait until memory is idle (MS0=MS1=0)

5)  Load desired interrupt vector into MDR (save if necessary)

6) Raise +RPLYQ (send vector)

7)  Wait for +IAKI to go low (receive vector)

8) Lower +RPLYQ and raise +ENBF (restore MDR if necessary)
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4.7.9 Memory Data Register

The memory data register circuit is comprised of the memory, its data
register, and readback three-state drivers. The primary function is to store data
and commands going to and from the pseudo-Unibus data lines.

Four quad 2-input multiplexers with storage (U19, U32, U45, and U58) are
used as the memory data register (MDR). Two line drivers, U31 and U44, comprise
the readback register. Line drivers Ul8 and U57 drive the data to the pseudo-
Unibus lines.

4.7.9.1 1/O Signal Flow. The MDR is loaded via the microprocessor bus (C0-C15)
inputs when either the MDR register or one of the Als is the destination. MDRIN
selects the A2-D2 inputs. CKMDR loads MDR when MDRIN and MC go high.

The MDR is loaded from the pseudo-Unibus inputs (UD0-UD14) when
MDRIN is low. CKMDR loads MDR when the LSI-11/23 writes to the slave
interface (DOUT) and the microcode completes the slave handshake (RPLYQ).

Readback of the MDR to the microprocessor bus at U31 and U44 occurs
(-MDROUT) when either the MDR or one of the Als is the source.

The pseudo-Unibus data lines are driven by U18 and US57 when the
microprocessor is accessing the main memory (UPWRITE) or when the LSI-11/23 is
reading from the slave interface (DIN) and the microcode completes the slave
handshake (RPLYQ).

4.7.10 Q-Bus Memory Mapper

The Q-bus memory mapper circuits contain a memory map comparator, an
~ offset adder, OFFMEM register and MAPMEM register.

MAPMEM and OFFMEM are microprocessor registers used to define a
single mapping of the LSI-11/23 address space into the address space of the Unibus
memory. Once the mapping registers are set up, the LSI-11/23 processor and any
Q-bus device may do reads and writes from the Unibus memory in the same manner
as for "real" Q-bus memory. MAPMEM defines three memory regions. The size of
each region is fixed at 4K words and each region starts on a 4K word address
boundary. The lowest region maps directly but a 4K address offset specified in
OFFMEM is added to the mid and high regions.

4.7.10.1 MAPMEM Regster. This register uses two octal D-type flip-flops, U98
and U99, to decode the 16-bit command word, C0-C15, from the command register.
The MAPMEM register is illustrated below.

15 14 13 12 11 10 9 8
ENB  ENB  ENB Not Not

HI MID LO Used JIBQ  yseq FB4  PB3

7 6 5 4 3 2 1 0

PB2 PB1 PBO PA4 PA3 PA2 PAl PAO
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BITS

0-4 PA0-PA4. Starting block number of middle region. (One block = 4K
words.)

5-9 PB0-PB4. Starting block number of high region. (One block = 4K words.)

10 Not used.

11. IRQ. Used to generate an interrupt on the Q-bus.

12. Not used.

13 ENBLO. Enables low region.

14 ENBMID. Enables middle region.

15 ENBHI. Enables high region.

If an interrupt request signal is active in the MAPMEM register the IRQ
signal is sent active to the Q-bus slave and interrupt control circuits and to the
Q-bus transceivers.

The LSI-11/23 sends -BST7L to the circuit to initiate a memory access cycle
to the I/O page. INOUT is also sent from the Q-bus address decode circuit to
provide an active input if +MRQ is to be generated. These two signals, the active
enable in the command word and the matching enable from the comparator (PROM
U127) circuit, generate the Q-bus memory request (MRQ) to the state machine in
the microprocessor hold logic. The address bits are cleared out of the MAPMEM
register by -INIT from the Q-bus address decode circuits.

Note: The addresses that appear on the A0-A20 pseudo-Unibus lines are inverted
relative to normal Unibus operation.

4.7.10.2 OFFMEM Register. The OFFMEM register is comprised of two octal D
transparent latches (U111 and U112) with edge-triggered flip-flops. The sixteen bit
command word, C0-C15, is applied to the inputs of the latches in two 8-bit bytes,
eight MSBs received by U111 and eight LSBs received by U112. +DSTOFF (from the
source/destination decoding circuit) is sent to clock the inputs to the outputs with a
15 nanosecond pulse. If the active address is found to be in the MID region, U112
output is enabled by PROM U127 of the memory map comparator. If the active
address is in the HIGH region, the PROM enables the output of Ul11l. When enabled,
the output is applied to the OFFSET ADDER inputs in two 4-bit bytes along with the
five data bits (AJ13 - AJ17) from the Q-bus address latches.

15 14 13 12 11 10 9 8
HOFF7 HOFF6 HOFF5 HOFF4 HOFF3 HOFF2 HOFF1 HOFF0
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7 6 5 4 3 2 1 0
MOFF7 MOFF6 MOFF5 MOFF4 MOFF3 MOFF2 MOFF1 MOFFO0

Bits 8-15 HOFFO0-HOFF7. Indicate the HIGH region 4K word block offset.

Bits 0-7 MOFF0-MOFF7. Indicate the MID region 4K word block offset.

Example of use of memory map registers:

Suppose MAPMEM = 160304
(ENBLO, ENBMID, ENBHI = 1) (<A0, A4>=4) (R0, R4) =6

Suppose OFFMEM = 6 + 254 x 256
(MOFF = 6, HOFF = 254)

Since B = 6, the HIGH region is defined to be blocks 6 through 30 of the
LSI-11/23 processor address space. Since A =4, the MID region is defined to be
blocks 4 through 5. The LOW region is defined to be blocks 0 through 3.

The LOW region is mapped directly with no address change; i.e., block 0 of
the LSI-11/23 address space goes directly to block 0 of the memory address space,
block 1 goes to block 1, and on through block 3.

The MID region is mapped with an offset of 6 blocks (MID OFF equals 6),
thus LSI-11/23 block 4 goes to 2501 block 10, LSI-11/23 block 5 goes to block 11.

The HIGH region's offset is 254 (HIGH OFF) which when added is modified
to 256, therefore, LSI-11/23 block 6 goes to 2501 block 4, block 7 goes to block 5,
and so on.

4.7.10.3 Memory Map Comparator. Two 4-bit magnitude comparators (U100 and
U113) and one 256-bit PROM (U127) comprise the memory map comparator. The
two most significant bits of the block address, PA4 and PB4, are applied directly to
the PROM inputs. The other eight bits are applied in 4-bit bytes to the two
comparators. The LSI-11/23 data bits AJ13 through AJ16 are also applied to the
two comparators and are compared with the PB and PA bits. If the A inputs are
greater than the B inputs the output is sent out on one line to the PROM. The
PROM receives the two bits of compared data and the MSB of the latched address
from the LSI-11/23 (via the Q-bus transceivers) and the two MSBs (PA4 and PB4)
from the MAPMEM register. If the selected address is in HIGH region, the PROM
sends the output enable -HIGH to the OFFMEM register. If the selected address is
in the MID region, the PROM sends the output enable -MID to U112 of the OFFMEM
register. In an addition, the appropriate HIGH or MID signal will be sent to the
MAPMEM register memory request decode. If however, the selected address is in
the LOW region the OFFMEM register is not affected and the LOW signal is sent
active to the memory request decode circuit.
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4.7.10.4 OFFSET ADDER. Two 4-bit binary full adders, U114 and U101, sum five
Q-bus address bits (AJ13-AJ17) with an 8-bit offset value (OFF0-OFF7). If either
the MID or HIGH region is being accessed, one of the two OFFMEMory registers will
drive the offset bits. If the LOW region is being accessed, neither output is enabled
and the OFF0-OFF7 bits are pulled high. The +LOW signal adds a "carry" to the
maximum offset which is effectively no offset. The summed output is applied to
line driver U88 whose output is enabled during a Q-bus memory access (-QCYC).

4.7.10.5 MRQ Generation. The Q-bus memory access request is generated by the
conditions present at the request decode gates U128. If one of the three regions is
detected and that region is enabled, then as long as the address is not in the I/O
page (-BS7L) a memory request is generated by U23 while the address is valid
(-INOUT).

4.7.11 Q-Bus Transceivers and Address Latches

The main function of the circuit on sheet 11 is to buffer the Q-bus data and
control lines and to latch the Q-bus address data.

Note: Addresses that appear on A0-A20 pseudo-Unibus lines are inverted relative to
normal Unibus operation.

4.7.11.1 Control Inputs. Control inputs from the Q-bus are buffered by U107, U92,
and U120. A brief description of each is given below.

BIAKI Interrupt acknowledge in

BWTBT Write byte operation in progress

BINIT Initialize

BSYNC Bus cyecle is starting, valid address on bus
BBS7 Current access is to the I/O page

BDIN Data input operation in progress

BDOUT Data output operation in progress

4.7.11.2 Control Outputs. Control outputs to the Q-bus are buffered by U107 and
are listed below:

BIRQ4 Interrupt request (mierocode controlled)

BRPLY Reply to Q-bus ecyele. Output data has been read. Input data
is valid on bus (microcode controlled for slave/interrupt
interface)

BIAKO Interrupt acknowledge out

4.7.11.3 Data/Address Line Buffers. Transceivers U4, U17, U56, and U69 drive the
data/address lines from the Q-bus in the direction desired for the current operation.
When data is written to memory -DIN direction control signal is high and the BDAL
bus signals drive the DAL0-DAL15 outputs. For a read operation the pseudo-Unibus
data lines UD0-UD15 drive the BDAL bus lines.
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4.7.11.4 Q-Bus Address Latches. The Q-bus multiplexes the same bus lines
(BDALO0-BDAL15) for both data and address. Address lines BDAL16 and BDAL17 are
separate. The address is valid on these lines while BSYNC is asserted and is latched
into U6, U71, U84 and U94 by a buffered BSYNC signal. The lower 13 bits of address
drive the pseudo-Unibus address lines (A0-A12) directly while the upper 5 bits
(AJ13-AJ17) are supplied to the memory mapping circuit.

4.7.11.5 Memory Data Bus Drivers. For a memory write operation (C1) the
buffered data lines DALO-DAL15 drive the pseudo-Unibus data bus lines UD0-UD15.
This occurs as long as the FIFO is not writing (-FIFOCYC) and the microprocessor is
not writing nor is the slave interface being written (-DROE).

4.7.12 Q-Bus Address Decode

The memory controller provides three 8-bit equal-to comparators U80,
U 81, and U68 which function to decode three sets of Q-bus addresses and which are,
in effect, selected slave interface devices. The three sets of Q-bus addresses
possible in the memory controller are decoded therefore by spare interface decode
U80 (SELSPARE), terminal interface decode US81 (SELTERM), and main
communication interface decode U68 (SELI1). These interfaces decode 8 bits of
address which are latched and held for the duration of the bus cyecle or until
-BSYNC is negated.

Ten Q-bus address selection switches are provided by switch block SW1.
Seven of the selection switches VS4-VS10 are fed to the spare interface decode.
Two selection switches, VS2 and VS3, are fed to the terminal interface decode. The
remaining one, VS1, goes to the main communication interface decode. The states
of VS1, VS2, and VS3 determine the address in the LSI-11/23 processor I/O page.

The comparators simply compare the 8-bit words for an equal-to
condition. A logic low enable, provided by -BS7L and bits +AJ11 and +AJ12
NANDed together, produces an active low on the output if an equal-to condition is
met. -BST7L is a signal provided by the Q-bus which indicates access to the 1/0 page
of memory; i.e., the most significant three bits are set. In this manner U80
produces -SELSPARE, U81 produces -SELTERM, and U68 produces -SELI1.

SELSPARE decodes a group of eight words with an address 774000-777777
in the LSI-11/23 I/O page. The exact address depends on the status of address
jumpers VS4 through VS10.

SELTERM decodes four words in the I/O page as follows:

01 VS82=0, VS3=1; the normal terminal located at address 777560-
777567 is indicated.

00 VS2=0, VS3=0; the first alternate terminal located at address
776570-776567 is indicated.

10 VS2=1, VS3=0; the second alternate terminal located at address
776570-776577 is indicated.
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SELI1 decodes eight words in the 1/O page if the following conditions are

met:

0 VS1=0; the normal interface located at address 775000-775017 is
indicated.

1 VS1=1; the alternate interface located at address 775020-775027 is
indicated.

The three decode signals are gated to generate +SEL1 and +SEL0. These
are then gated with the -INOUT signal to produce +SELS. These signals are now
made available for use by the microprocessor interrupt logic.

4.7.12.1 System Initialize. Although not part of address decode cireuit, initializa-
tion cireuitry is included in this section. On power-up or BOOT conditions, or when
a RESET instruction is executed by the LSI-11, the Q-bus signal -BINIT is
generated. This signal is asserted for about 10 microseconds and appears on sheet
12 in its buffered form as INITQ. The differentiator circuit (U91, U106) provides a
1.0 microsecond initialize pulse INIT which is used on the microprocessor bus to
reset bus hardware. This signal also causes the microprocessor to start execution at
address 0.

The Q-bus signal BDCOK is also controlled by this circuitry. On power up
this signal, indicating that DC power is up to full level, is held low until enough time
has passed for all supply voltages to come up. This prevents glitches which occur
due to a slowly rising power supply. As soon as this signal is asserted the LSI-11
begins execution of its Power Up Mode (which is normally to execute a BOOT). This
same signal is asserted by the BOOT switch on the 2515 front panel. The signal
from the switch is "de-glitched" by one-shot U79.

4.7.13 Microprocessor Interrupt Logic

The circuitry on sheet 13 provides generation of interrupts of the
microprocessor resulting from the following events.

1. One of the Q-bus slave interfaces is being accessed.

2. Interrupt acknowledge has been returned by the mieroprocessor.

3. A trigger event has occurred in unloading the analog input FIFO.

4, The buffer full condition exists in unloading the FIFO.

These interrupts exist at two different priorities. Level 7 interrupt

requests will be acknowledged before level 6 interrupts if they occur at the same
time.
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4.7.13.1 Q-Bus Slave Interrupts. If one of the Q-bus slave interfaces is accessed
(+SELS) the Level 7 interrupt flip-flop (U53) is cleared and the request for interrupt
is latched at U118 where it is synchronized with the master clock (-MC). This
request is driven on the bus as -IR7.

When the next microcode instruction begins and priority allows the
mieroprocessor returns the interrupt grant signal for level 7 (IG7I). If the memory
controller was the device requesting service this condition is latched in U118
(-QVEC). Otherwise the grant signal is passed to the next device on the bus via
signal +IG70. The -QVEC signal will place the apropriate vector on the interrupt
vector lines IV0-IV7 of the microprocessor bus and the microprocessor jumps through
this vector. The interrupt is cleared by access to the CLRQSI register. The same
sequence of events occurs if the Q-bus acknowledges an interrupt that was
requested by the microprocessor (+INTACK).

The vector address is determined by the status inputs to ROM U122.

a) +INTACK used to acknowledge the interrupt by the Q-bus slave and
interrupt control circuit;

b)  SELO and SEL1 whose logic states determine which interface (spare,
terminal, or main) is to be selected;

c) AJ1-AJ3 selects the address within the interface;

d) L0 and L1 whose logic states indicate what type of operation the Q-
bus is executing.

L1 L0 Function Indicated Routine
0 0 Word to slave DATO

0 1 Low byte to slave DATOB

1 0 High byte to slave DATOB

1 1 Word to master DATI

The following are the vector addresses for the level 7 interrupts 240-277.

240-277 Q-Bus access to spare interface (selectable to be any group of 8 words
between 774000-777777.
<IV4-IV0> = <A3, A2, Al, L1, L0> (see note 1)

340-357 Q-Bus access to console terminal (Normal = 777560-7, Alt #1 = 776560-7)
<IV3-IV0> = <A2, A1, L1, L0> (see note 1)

360-377 Q-Bus access to console terminal at alternate #2 (776570-7)
<IV3-IV0> = <A2, Al, L1, L0> (see note 1)

300-317 Q-Bus access to Interface I (Normal = 775000-17, alternate - 775020-37)
<IV4-IV0> = <A3, A2, Al, L1, LO> (see note 1)

227 Interrupt Grant has been returned by LSI-11.

Note 1: Al, A2, A3 - Address bits in Q-bus address.
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4.7.13.2 Trigger and Buffer Full Interrupt. The buffer full condition (-FULBUF) is
generated by the Buffer Full Detection circuit on sheet 7. The trigger event
(-TRIGF) is signaled by a bit stored in the Analog Input FIFO (TRIG) along with the
data and AI number. When this bit is set during a FIFO write (FIFOCYC) then a
trigger event occurred when this data value was being placed into the FIFO. Note
that there is a three point delay between the time the trigger event occurs and the
time that this bit is actually loaded into the FIFO.

The sequence of events for the level 6 interrupts is nearly identical. The
interrupt event (TRIGF or FULBUF) is stored in U30 and latched synchronously in
U118. It is transmitted as IR6 interrupt request on the bus. The acknowledge (IG6I)
causes U83 to place a vector on the bus if this board was requesting an interrupt.
TRIGF and the current memory address register bits ARA0-ARA3 determine the
actual vector. Access to the microprocessor register CLRBFI clears the interrupt
condition. The level 6 interrupt vectors are as follows:

140-157 Trigger event interrupt
<IV0-IV3> = Access initiator with trigger event
(could be simultaneous with buffer full)

150-167 Buffer full interrupt
<IV0-IV3> = Access initiator with buffer full condition
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4.8 UNIBUS MEMORY BOARD

The main memory used in the 2515 system is Model MD1700 Series Display
System manufactured by Cambex Corporation. It is a 512 kilobyte MOS memory on
one 6-wide board compatible with the Digital Equipment Corporation PDP-11
systems.

In the 2515 system, the memory occupies slot 5 of the card cage. It
communicates directly only with the memory controller board. All accesses to the
memory are controlled and sequenced by the memory controller.

Details regarding the board components and general operation can be found
in the vendor manual listed in Appendix A.
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4.9 CPU BOARD

The following text is supported by the diagrams listed below:

CPU Board Functional Bloek Diagram Figure 4-9
CPU Board Schematic 2501-4700-2D

The CPU board, located in slot 6 of the card cage, is a 6-wide board. This
board comprises most of the 2501 microprocessor, a special purpose, high speed
computer constructed from approximately 140 integrated -circuits. The
microprocessor has 32-bit wide instruction paths and 16-bit wide data paths. The
instructions are stored in PROM. The microprocessor is driven by a 16 MHz clock.
A typical instruction takes 300 nanoseconds to execute.

The miecroprocessor is physically located on two printed circuit boards, the
CPU board and the PROM board. Everything on the CPU board is considered part of
the microprocessor, while only a part of the PROM board is considered part of the
microprocessor. The PROM microinstruction bus interfaces with the CPU board.

Additional devices can be interfaced to the mieroprocessor by the use of the
general purpose, high speed microprocessor bus. Included as a part of this bus is a
16-bit data bus used for transferring data within the microprocessor and to external
devices. A 9-bit source field and a 9-bit destination field signal various units on the
data bus to either supply data to the bus or to receive data from the bus. Data
transfers and most bus activity are synchronous with the master clock, a clock pulse
which comes at the end of each microprocessor instruction executed. Bus devices
can interrupt the microprocessor via seven interrupt request lines and seven
interrupt grant lines. The bus device transmits the address where the interrupt is to
occur by means of the 8-bit interrupt veector bus.

The microprocessor has a dedicated hardware stack, 16 levels deep, used to
implement subroutine calls, returns, and interrupts. The current instruction
counter, status and priority level values are stored on this stack during the
execution of an interrupt or subroutine. The values are then restored from the stack
at the completion of the subroutine or interrupt servicing routine.

Conditional jumps, subroutine calls and returns can be executed by the
microprocessor. The condition tested is either an internal condition (status register)
or a condition signaled by an external device connected to the microprocessor bus.
The device whose condition is being tested is selected by means of a code on the
9-bit source bus, which also serves as a condition select bus.

The basic arithmetic capability of the mieroprocessor is contained within a
4-chip, LSI arithmetic unit (Am 2901). Principal functions and characteristics of the
Am 2901 are summarized in Appendix C. A 256-word memory, addressable in
several modes, is used to provide a fast storage supplement to that included in the
Am 2901 unit.

An 8-bit map register implements a multiway jump capability and provides a
method of swapping data bytes on the 16-bit data bus. The map register also has
special hardware which aids in the normalization operation of floating point
arithmetic.

The results of the Am 2901 unit's operations set flags in the 8-bit status

register. The status register bit can then be fed back into the Am 2901 by certain
shift operations or tested by conditional jump instructions.
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4.9.1 Bus Line Electrical Characteristics

There are four types of lines used: 1) tri-state, 2) open collector, 3) line
driver, and 4) totem pole, or regular TTL output.

Tri-state lines are used for the transmission of data. The tri-state drive will
enable the line at some time following the clock and the receiving component will
take the data from the bus at the next clock edge.

Open collector lines are used where an ORing of several different drives is
desired, as in the interrupt request lines, or where the slow rise time of open
collector lines can be tolerated, as in the master clock delay control lines. The open
collector lines have a 390 ohm pullup resistor and are driven by U39 or by Ul1, U13,
U15 and U64 with the inputs wired to the enable.

Line drivers are used for only two lines, the master clock (-MCOUT) and the
16 MHz oscillator (OSCOUT). These lines are driven by U99 and U102, 50-ohm line
drivers located on the microprocessor board. Master clock and OSCOUT are line
drivers to minimize elock skew and to prevent ringing.

Totem pole, or regular TTL output is used for lines where there is no
common bussing and moderate speed requirements. This includes the interrupt
grants, which are chained, and a few other lines.

4.9.2 Microprocessor Basic Instruction Formats

The five basie types of instruction formats are:

Jump (Type 1)

JSR Jump to Subroutine (Type 2)
Conditional return (Type 3)
Immediate data (Type 4)
General Operation (Type 5)

Jump, JSR and conditional return (Types 1, 2 and 3) are change of control
type instructions which are conditional based on the code specified in the 9-bit
source/condition field. If the condition test is not passed, the next sequential
instruction is executed. If the condition test is passed, jump (Type 1) and JSR
(Type 2) instructions result in a jump to the address specified in the 16-bit jump
target field. For conditional return (Type 3), a return is executed if the condition
test is passed. The return is made to the last address stored in the subroutine stack
by either a JSR (Type 2) instruction or an interrupt.

The immediate data (Type 4) instruction sources data from the instruction
itself to the data bus. The data is accepted by bus destination specified in the 9-bit
destination field.

The general operation (Type 5) instruction is where both a source and
destination on the data bus are specified by the respective 9-bit source and
destination fields in the instruction. The source device selected puts data on the bus
and the destination device accepts the data. Variations of the code in the source
and destination fields generally cause the more complicated arithmetic functions to
take place.

4-57



2515-0101

MICROPRCCESSOR BUS

16 BT U YU TNRGET e e e
s
m'rnauv-ro 88iTs o8 7S T : r
VECTOR NIERT N | | SCRATCHPAD MEMORY
NENTATTRES® | REQUEST  GRAN | |
T t %7 TS 8BIT3
ABITY 1o BITS _freTs {reis | mccm QDE 1 481 ‘:J 1
OR INTERRUPT ’ I 8 BIT
CR FIELD ARBITRATION - 655‘6 WORDS MAX AD
l SELECTOR | / s oGic E 1 BITS WICE It OER
=g g
< 1 < 6 5 49 v
" AI‘B”ﬁ 88T |N3(;’RU;-;;ON 38I7S S.,ESROUTINE Olg 6475 és\fs 5\73 E;‘T&&Blﬁ 'E g
TN N
ﬁ;l SobTs 32 WORDS X198 glé V 2 e Y g IE 8
| 25 8l 2 |+
p3 a9 £ M
p . LOAD/ e BITS PRIORITY 68TS 25 Y2z z % 256 WIRD Rau|  [STACK PONTER | | INOEX REQ/
REGISTER |—v! SPE | | count REGISTER 3lg 8218 8s& ‘ JCQUNTER coumes
8 BITS LOGIC 3BTS | g8l 3 5 u | mm
| IS RS 2
EEE I |1 N S  S—" -
DATA BUS
CONDITION TRUE__< F > T £ PN N
SOURCE / DESTINATION T
|
INTERRUPT REQ/ N
GRANT/VECTOR | - L
7
_____ —] eT L —
I L‘ ClvjZiNiviB D 5’—<CO?4TR0\. I I—:l REALTIME l °:B“D222§‘ [_ 1
d
| ! I SHHANEHE } | ok b SR | | ferper [ ]
ALY & vii PRODUCT 3
| fesms e | BlR[olaliie] e | I coun'rr:n ek, : o : / PLCAND !
al | REG.
| Flofile] e peRioD 7 ER
| ] 10— 1 SRHE b || s | | LSRR |
w . | I | 4036 WORDS
I Ra[rs| 18IS | MAX,
| i TRe | 8BIT_STATUS REGISTER | | | 16 BITS
1 R2[Ri0 | | | | L
R3 (Rt AND
| R4 |RiZ SHIFTER | l L —_
| | [R5]RS3 ool | ; :
RoJRi4 Au INTERRUPT
| D saTvETd] i L0GIC -
| ¥ WY |

Figure 4-9. Processor Block Diagram (CPU and PROM)
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Table 4-4. Basic Instruction Formats

30 26 22 18 14 10 6 2
J00EXCCCCCCCCCOOTTTTTTTTTTTTTTTT Type (1) Jump
J10EXCCCCCCCCOOTTTTTTTTTTTTTTTTT Type (2) JSR
J 01 EXCCCCCCCCCO DXXXXXXXXXXXXXXXX Type (3) Conditional Return
OIREXOOIIIIIIIDDDDDDDDDIIIIIIIII Type (4) Inmediate Data
MOREXSSSSSSSSSDDDDDDDDDNNNNNNNNN Type (5) General Operation

KEY

Jd - Reverse jump sense bit. Reverses logical sense of condition.

E - E bit. Reverses sign of earry input to ALU

X - An unused bit.

C- The condition code field.b

| T - The jump target field.
I - The immediate data field. Least significant seven bits are in first field,
most significant nine bits in second field.

S - The nine bit source field.

D- The nine bit destination field.

N - The nine bit Am 2901 control field.

R- The return bit. Cause unconditional return combined with (4) or (5) type

instruction.
M- The multiple precision bit. When on the ALU carry in is fed from the carry

bit in the status register.
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4.9.2.1 Arithmetic General Operation Instructions (Type 5). The arithmetic

operations are all General Operation (Type 5) instructions involving the Am 2901
arithmetic unit as the selected device in either the source field, destination field or

both. Full control of the Am 2901 is only achieved when both the source and
destination fields are devoted to selecting the Am 2901. In other cases enough bits
are not available for full control. In practice this means that instructions involving
shifts are not possible when the source or destination is external to the Am 2901.
The source or destination select code for the Am 2901 is of the form: 10XXXXXXX.
This means that only seven control bits are available if the Am 2901 is not both the
source and destination. The 9-bit Am 2901 control field is partly appropriated to
provide sufficient control when only one of the source and destination fields is
available and this is the reason for the limited control.

The Am 2901 requires a 4-bit A field and a 4-bit B field to specify the
source and destination address in the 16-word register file contained within the Am
2901. The nine-bit, Am 2901 control field determines the arithmetic and logic unit
(ALU) operation, destination of data and the type of shifting to be applied, if any.

EXAMPLE 1: Am 2901 Is The Source, Destination Other Device

Source Field:

Bit 8 v 6 5 4 3 2 1 0
Data 1 0 B2 B1 BO A3 A2 Al A0

Am 2901 Control Field:

Bit 8 7 6 5 4 3 2 1 0
Data B3 I7 16 I5 14 I3 12 n 10

The register field and B addresses for the Am 2901 are shown as A0-A3 and
B0-B3. The Am 2901 control field bits are shown as I0-I8, to conform to the
manufacturer's notation. In example 1, the bit normally assigned to I8 has been used
to provide B3, since there are not enough bits in the source field. The Am 2901 unit
sees a zero for bit I8.
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EXAMPLE 2: Am 2901 Is Destination, Source Is Other Device:

Destination Field:

Bit 8 7 6 S 4 3 2 1 0

Data 1 0 A2 Al A0 B3 B2 B1 BO

Am 2901 Control Field:

Bit 8 7 6 5 4 3 2 1 0
Data I8 I7 16 I5 14 I3 A3 I1 10

In example 2, the A and B addresses are obtained from the destination field
with the exception that A3 is obtained from the bit which would normally be control
field bit I2. The Am 2901 sees a one for bit I2.

EXAMPLE 3: The Am 2901 Is Both Source and Destination:
Source Field:

Bit 8 7 6 5 4 3 2 1 0
Data 1 0 ST D1 DO A3 A2 Al A0

Am 2901 Control Field:

Bit 8 (f 6 5 4 3 2 1 0
Data 1 0 X C1 Cco B3 B2 B1 BO

In example 3, both the source and destination fields are available. The Am
2901 control field is fed directly to the Am 2901, without using any bits to generate
A and B addresses. The A and B addresses come directly from the least significant
parts of the source and destination fields. The remaining bits in the source and
destination fields are used to provide the following control bits:

(1) st The store control bit,
(2) D1-D0  The shift control bits, and
(3) C1-C0 The ALU function modification bits.

The meaning of the shift control bits D1-D0 is shown in Table 3-1 and
Figure 3-5. The store control bit, ST, must be a one for the result to be stored in
the register file or the Q register of the Am 2901. The ST bit is only relevant for
case 3 above. For case 1 and case 2, the storage or non-storage of the result
depends upon the code in the Am 2901 control field. The control field code can also
be used to inhibit storage of the result for case 3 above, but using this method of
inhibiting the storage of the result is incompatible with shifts.
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Table 4-5. Shift Control

CONTROL BITS

17 16 D1 DO SHIFT FUNCTION

0 0 0 0 F15 +R-REG + Q-REG +S
+C

o0 0 0 1 S+ R-REG + Q-REG +S
+C

0 0 1 0 XFO+R-REG + Q-REG »S
+C

0 0 1 1 0> R-REG + Q-REG »S
+C

0 1 0 0 F15+R-REG »S

0 1 0 1 S+ R-REG +S

0 1 1 0 XFO+R-REG +S

0 1 1 1 0+ R-REG +S

1 0 0 0 S «R-REG «Q-REG «COUT

1 0 0 1 S «R-REG +Q-REG «0

1 0 1 0 S «R-REG +Q-REG «S

1 0 1 1 S «R-REG +S Q-REG «COUT

1 1 0 0 S «R-REG <0

1 1 0 1 S «R-REG <0

1 1 1 0 S «R-REG +«0

1 1 1 1 S «R-REG «S

F15

S
C

COUT
XFO

17, 16
D1, DO

)
(2)
(3)

(4)

Key to Shift Control

Sign bit of ALU output.

Status register S bit.

Status register carry bit.

Carry out of ALU.

Exclusive OR of ALU F15 and OVR outputs. This input repairs
an overflow that happens during ALU opertion.

Bits in Am 2901 control field.

Shift control bits.

NOTES
S and C are flip~flops.

F15, COUT, XFO are outputs from current ALU operation.

The status register D bit is set by the COUT for certain C1, C0
control codes.

The shifter is located between the ALU output and the registers.
4-63



2515-0101

The ALU function modification bits, C1-C0, cause certain modifications of
the Am 2901 operation depending upon either the D bit of the status register (divide
control) or the least significant bit of the Q register (multiply control). The effects
of the possible C1-C0 codes are as follows:

00 - No modification to the Am 2901 control field.

01 - Control field bit I3 is inverted if the status register D bit is a one. The
effect of inverting I3 is to change an addition to a subtraction, or vice-
versa. The D bit provides divide control.

11 - I3 is inverted if the D bit is a one and at the end of the eyele the D bit
is set to the value of the ALU carry out.

10 - Control bit I1 is inverted if the QO output is a one. The effect of
inverting I1 is to change the ALU source input "A" from the register
file to the constant zero, or vice versa. This is used to implement a
multiply step, where either the multiplier, or zero, is added depending
upon the least bit of the Q register.

The M and E bits influence the operation of the Am 2901 for cases 1, 2 and
3 above. For instructions not involving the Am 2901, the M and E bits are ignored.
Together, the M and E bits control the carry input to the ALU. If both M and E are
zero, the carry input is zero for an add operation and one for a subtract operation.
This is the normal mode of operation. If the M bit is set to a one, the carry in is fed
from the status register C bit. This allows multiple precision adds and subtracts. If
the E bit is a one, the carry in is inverted, whatever its source. This allows
increment and decrement operations. ALU operations which are not add or subtract
are not influenced by the M or E bit settings.

4.9.2.2 Immediate Data Instruction (Type 4). The immediate data instruction
places 16 bits of data on the bus. This data is specified within the instruction word.
The data is stored at the bus destination specified by the destination field in the
instruction word. The least significant 7-bits of data come from bits 24-18 of the
instruction word. The most significant 9-bits of data come from bits 8-0 of the
instruction word. Specifying the Am 2901 as the destination of the immediate data
is a special case, because the Am 2901 control field is taken up by the most
significant part of the data. If the Am 2901 is selected as the destination the
control field seen by the Am 2901 will have the code: 01D011111. The "D" means
that the bit follows the data specified. However this uncontrolled bit does not
influence the effective action of the Am 2901 which is to store the bus data in the
register file location specified in the destination field as the B field. It is not
possible to store immediate data directly in the Q register.
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4.9.2.3 Unconditional Return (Immediate Data Type 4 and General Operation
Type 5. If bit 29 of the instruction word is a one, for Inmediate Data (Type 4 or
General Operation (Type 5) instruections, an unconditional return is executed at the
same time as the instruction. This means that the next instruction executed is not
the next sequential instruction, but an instruction located at an address taken from
the subroutine stack.

An unconditional return loads the instruction counter and the priority register
from the subroutine stack. This results in a return to the instruction following a
previous JSR (Type 2) or a return to the instruction following the last instruction
executed before an interrupt. Usually a different priority is loaded only if the
return is from an interrupt servicing routine, although it is possible that the
interrupt priority had been explicitly changed in the subroutine and is restored to
the previous value as a result of the return.

4.9.2.4 Jump and JSR (Type 1 and 2) Instructions. If the condition test is passed
as selected by the source/condition field, the reverse jump sense bit to the target
address is executed. The JUMP (Type 1) is a simple transfer of control. The JSR
(Type 2) saves the return address and the current priority on the subroutine stack for
a later return.

4.9.2.5  Conditional Return ( 3) Instruction. The condition is tested as for
Jump (Type 1) and JSR (Type 2) instructions. A return is executed if the condition is
true, otherwise the execution continues with the next instruction.

4.9.2.6 Map Register ORing. A 4-bit field can be stored with the target address
for a Jump (Type 1) or JSR (Type 2) instruction or with the return address for a
Conditional Return (Type 3) instruction. There are four choices of 4-bit Conditional
Return fields, selected by special condition codes. A proper setting of the reverse
jump sense bit assures that a jump or control transfer always takes place (otherwise
the instruction would be a NOP). The effective destination address, where the next
instruction is located, is the OR of the normal destination and the 4-bit field ORed
into the least significant 4 bits. The four choices available are as follows:

(1) Map register lower nibble,

(2) Map register upper nibble,

(3) Status Register B-bit nibble,
(4) Code digit of the map register.

These choices are discussed more fully under the sections on the map register and
status register.

The significance of the ORing is that a multiway jump (which is a function of
data) can be accomplished. If the destination address has its least significant 4 bits
zero it is a 16-way jump. If one of the destination bits is a one, then the jump is
reduced to an 8-way jump, and so forth.
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4.9.3 Interrupts and System Priority Level

The 3-bit priority register holds the current system priority level, from 0
to 7. An interrupt may have a hardware priority from 1 to 7. An interrupt will take
place immediately if and only when the interrupt priority (determined by hardware)
is higher than the system priority. If several interrupts are pending, the highest
priority interrupt takes precedence. Precedence between interrupts of the same
priority is determined by hardware interconnect, or in some cases, by the interrupt
routine. If the system priority is 7, no interrupts can take place, because there is no
interrupt priority of level 8. If the system priority is 0, then all interrupts can take
place.

When an interrupt takes place, the current instruction counter and priority
level are stored on the subroutine stack. The instruction counter is loaded with an
interrupt vector address, between 0 and 255, as determined by hardware wiring. The
instruction located at the interrupt vector address is then executed. Usually it is a
jump instruction pointing to the interrupt servicing routine.

Higher priority interrupts generally can interrupt servicing routines for
lower priority interrupts. The exception would be if the interrupt servicing routine
changes the interrupt priority level.

4.9.3.1 Instruction and Interrupt Conflicts. Change of control instructions
generally conflict with interrupts, since both want to change the instruction
counter, and in some cases the priority level and subroutine stack. In the case of a
conflict with a Jump (Type 1), JSR (Type 2) or Unconditional Return (Type 3)
instruction, the instruction is aborted by the hardware and the interrupt takes place.
The address stored on the subroutine stack will be that of the aborted instruction, so
that the aborted instruction is read from control memory a second time after the
return from the interrupt and executed. In the case of an Immediate Data (Type 4)
or General Operation (Type 5) instruetion combined with an unconditional return,
the instruection is executed normally, but the associated unconditional return is not
executed. The unconditional return is deferred until the return from the interrupt
routine. The interrupt sequence in this case does not modify the subroutine stack,
leaving it as is, since the return address is already on the top of the stack. These
conflicts are usually not visible to the microprogrammer, but are explained here to
aid understanding of the interrupt sequence.

4.9.3.2 Changing the Priority Level. The priority register can be set to one of
eight possible values by using one of eight different condition codes in a Jump
(Type 1), JSR (Type 2) or Unconditional Return (Type 3) instruction. This method of
setting the priority register is used because it avoids the conflict of an interrupt and
an instruction both trying to set the priority register to different values at the same
time. The conflict is avoided because Jump (Type 1), JSR (Type 2) or Unconditional
Return (Type 3) instructions are aborted (to be executed later) if they conflict with
an interrupt. The condition test is controlled totally by the reverse jump sense bit.
The priority will be set whether or not the condition test is passed.
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Normally a Jump (Type 1) instruction is issued to set the priority. If a JSR
(Type 2) is used, the priority stored on the subroutine stack will be the old priority
(if the condition test is passed and the JSR (Type 2) instruction executes. This
feature can be used to change the priority only for the duration of one subroutine.
A Conditional Return (Type 3) instruction will only change the priority to the value
specified in the condition code if the return does not execute. If it executes, the
priority comes from the subroutine stack.

4.9.4 Microprocessor Registers

In the sections that follow, the use and function of the various registers
which may be accessed as sources and destinations on the bus are described. When
mnemonies are used they are the mnemonies used by the Am 2901 microassembler.

4.9.4.1 Status Register. The status register is an 8-bit register which may be read
and written as a data register attached to the bus, but in addition, the various bits
which make up the status register may be set and cleared independently by hardware
to reflect the status of the microprocessor. When read or written as data, the
status register communicates with bits 8-15 of the data bus. The other 8 bits can be
used, optionally, by the index register. The source and destination code are as
follows:

662 (SR) - If used in the source field the status register is output to the high
byte of the bus. Zero is output to the low byte. If used as a destination,
the high bus byte is stored in the status register, the low bus byte is
ignored.

663 (XRSR) - May be used in either the source or destination fields. The status
register communicates with the high bus byte, the index register with the
low byte.

The 8-bits of the status register are defined as follows:

Bit 15 14 13 12 11 10 9 8
S D B V2 N X A C

Status

Register

Key Bit Function

The S bit is set by various shift instructions (see figure 4-10).

D The D bit is set as a part of the divide algorithm. See the arithmetic
general operation (Type 5) instructions for details.

B The B bit is set to zero when the low byte of the bus is stored in the map
register. The B bit is set to one when the high byte of the bus is stored
in the map register. The function of the B bit is to aid in constructing a
stream of bytes from a stream of words.
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A The V bit is set or reset when the Am 2901 performs an add or subtract
operation. If the result is wrong because of an overflow the V bit is set
to one, otherwise zero. Non-Am 2901 operations, or non-add or subtract
operations do not affect the value of the V bit.

V2 The V2 bit is set under the same conditions as the V bit, but it is reset
from a one to a zero only by storing data in the status register. It is an
overflow bit that "sticks" on. The purpose is to check a chain of
calculations for overflow, without having to waste the execution time
for a test after every operation.

N The N bit signifies a negative output from the Am 2901 ALU. It is set
on, or off, on any operation where the Am 2901 is a source or
destination. In other operations its value is not affected.

Z The Z bit indicates a zero output from the Am 2901 ALU. It is set or
reset under the same conditions as the N bit. For both the N and Z bit
the output of the ALU is tested before any shift of the data.

C The C bit is set with the carry out of the Am 2901 ALU on an add or
4 subtract operation except on the double right shift operation where it is
set to the value of the bit shifted out of the register file part of the
double right shift. If an operation is both add or subtract and double
right shift, the double right shift controls the C bit. Operations other
than those mentioned, or non-Am 2901 operations do not affect the value

of the C bit.

In the case of a conflict in setting the status register, where a direct store
from the bus is trying to set all bits and internal conditions are trying to set one or
more bits, the direct store from the bus takes precedence.

Normally, the status register and the index register are saved on the data
stack during interrupts. The combined mode of accessing the index register and the
status register makes this faster.

4.9.4.2 Status Register Condition Codes. Condition codes exist so that
conditional jumps may be made on each of the status register bits. In addition there
exist condition codes for certain logical functions of the status register bits.

In the following table the 9-bit condition codes are given as octal numbers.
A minus sign means that the reverse jump sense bit is a one; that is, the logical
condition is reversed. @ The mnemonic names are those of the Am 2901
microassembler.
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Table 4-6. Status Register Condition Codes

Mnemonie Octal

Code Numbers Definition

LE (640) Less than or equal to zero. The Z bit is on, or else the N bit
is on and the V bit is off or the N bit is off and the V bit is
on.

QT (-640) Greater than zero. The logical reverse of LE.

LT (641) Less than zero. The N bit is on and the V bit is off or the N
bit is off and the V bit is on.

GE (-641) Greater than or equal to zero. The logical reverse of LT.

CC (642) The carry bit is clear (zero).

(of} (-642) The carry bit is set.

vC (643) The overflow bit (V) is clear (zero).

VS (-643) The overflow bit is set.

NE (644) Not equal to zero. The Z bit is clear.

EQ (-644) Equal to zero. The Z bit is set.

PL (645) Plus. The N bit is clear.

MI (-645) Minus. The N bit ¢ :

v2C (646) V2 is clear.

V28 (-646) V2 is set.

BC (647) The B bit is clear.

BS (-647) The B bit is set.

DC (650) The D bit is clear.

DS (-650) The D bit is set.

sC (651) The S bit is clear.

SS (-651) The S bit is set.

NEV (652) Never true. Will not jump.

U (-652) Unconditional. Always jumps.

MRB (-654) If the B bit is on, the number 4 is ORed with the jump

destination. If the B bit is off, zero is ORed with the
destination, for no net change.
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4.9.4.3 Map Register. The microprocessor map register is an 8-bit register which
may be stored into from either the high or low byte of the data bus. The map
register can supply either the high or low byte to the data bus while zeroing the
other bus byte. Because of its ability to work from or to either bus byte the map
register is useful for swapping bus types and performing shifts by 8 places on
multiple precision numbers. In addition, multiway jumps may be performed where
either the upper or lower 4-bits of the map register are ORed in with the
destination address. Always computed by hardware as a function of the current
contents of the map register is the code digit, a 4-bit number which also may be
used to control multiway jumps. The code digit functions are defined in the
following table:

Table 4-7. Map Register Code

Map Register Code Digit
76543210 3210
OXXXXXXX 0110 (6)
10XXXXXX 0111 (7
110xxxx% 1000 (8)
1110xxxx 1001 (9)
11110xxx 1010 (10)
111110xx 1011 (11)
1111110x 1100 12)
11111110 1101 (13)
11111111 1110 (14)

X - Indicates don't care bit.

As can be seen from the table above the code digit is related to the number
of shifts needed to normalize a negtive number stored in the map register.

The source and destination codes associated with the map register are as
follows:

MRLO (666) Store the lower bus byte in the map register. (Destination)
MRHI  (665) Store the upper bus byte in the map register. (Destination)
MRLO (665) Read the map register to the lower bus byte, zero to the

upper bus byte. (Source)

MRHI  (666) Read the map register to the upper bus byte, zero to the
lower byte. (Source)
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The following condition codes are associated with the map register:
MRC  (-665) OR the code digit with the jump destination.

MRL (-656) OR the lower 4-bits of the map register with the jump
destination.

MRU (-657) OR the upper 4-bits of the map register with the jump
destination.

4.9.4.4 Scratchpad and Stack Memory. The scratchpad unit consists of a 256 word
by 16-bit memory which may be addressed in several different ways with the aid of
two 8-bit addressing registers, the index register and the stack pointer register.
The stack pointer register is used to implement a last-in, first-out stack in a part of
the 256 word memory. The index register can be used to address the memory by 16
word pages, or it can be used to implement a stack function. When either of the
address registers is used to implement a stack, the register is incremented before
any data is stored into memory and decremented after data is removed from
memory. The memory address is always the sum of the contents of the address
register and the last 4 bits of the source or destination code. The actual increment
or decrement takes place at the end of the memory access cycle. The pre-
increment is accomplished by temporarily adding one to the address during the eycle
to simulate an increment at the beginning of the cycle.

The significant source and destination codes are as follows:

XR (661) As a destination store the lower 8-bits of the bus in the index
register. As a source put the lower 8-bits on the bus and
zeros in the upper 8 bus bits.

XRSR (663) Use as source or destination to transfer between the index
register in the lower 8-bits and the bus.

XSTK (664) Use as a source or destination to communicate between the
lower 8 bus bits and the stack pointer register. If a source,
the upper 8 bus bits are set to zero.

STK (637) Use as source or destination to push or pop from the stack
defined by the stack pointer register (XSTK). The top of the
stack is located at the address pointed to by XSTK. The
stack works by incrementing the stack pointer after data is
read from the scratchpad. When data is written into the
scratchpad the stack pointer is decremented before the write
operation. This works the same as the stack in the PDP-11.

SP0,SP1- (600,601~ Use as a source or destination to address the 16 locations of
SP15 617) the scratchpad starting at the location pointed to by the
index register.
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XST0,XST1- (620, 621~ Address the location pointed to by the index register with 0

XST14 636) to 14 added and a pre-increment if a source or a post-
decrement if a destination. Can be used to establish a
stack or to move successive words in or out of memory in a
loop. Note that this stack function is different from STK,
in that the pointer register (XR) is post decremented for a
write and pre-incremented for a read.

It is impossible for the scratchpad to be both a source and destination in
the same instruction. The scratchpad memory and either of the addressing registers
are permitted to both be addressed in the same instruction. No confusion will result
from this if it is remembered that the pre-increment is only simulated and that a
load to the addressing register suppresses any counting.
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410 PROM BOARD
This paragraph is supported by the illustrations listed below.

Block Diagram, PROM Board Figure 4-11
Schematice Diagram, PROM Board 2501-4701-2D

The PROM board contains the program microinstruction memory and the
stack-scratchpad memory discussed in the paragraph on the Processor, and several
miscellaneous functions including real time clock, interrupt interface, and fractional
multiplier. These circuits are described individually in the following paragraphs.
Note that printer interface circuits existing on this board are not used in the 2515
system and will not be described herein.

4.10.1 Program Instruction Memory

This memory contains instructions which are read out and executed by the
2501 microprocessor. Input is 16 address lines from the instruction counter which
enter at the card edge (IC0-IC15). The least significant 10 bits are buffered and
inverted by U40 and U42 (S240). Buffered address lines RA0O-RA9 are fed directly to
the PROM chips. The most significant bits of the address lines are decoded to
provide chip select signals to various banks of PROMS (see Figure 4-12). Output is
32 PROM data lines, labeled ROMDAT 0-8, D0-D8, S0-S8 and ROMDAT 27-31.

There are 6 banks of PROMS, U16-U39, on the board. Each bank provides
512, 1024 or 2048 instructions of 32 bits (see Table 4-8).

Table 4-8. Relation of PROMs to Output Data

OUTPUT BITS BANK OCTAL ADDRESSES BY PROM TYPE
Bits Bits Bits Bits
Bank 1 0-7 8-15 16-23 24-31 512x8 1024x8 2048x8
Bank 0 U32 U20 U38 U26 0-777 0-1777 0-3777
Bank 1 U3l U19 U37 U25 1000-1777 2000-3777 4000-7777
Bank 2 U30 U18 U36 U24  2000-2777 4000-5777  10000-13777
Bank 3 U29 U17 U35 U23  3000-3777 6000-7777  14000-17777

Bank 4 U28 Ul6 U34 U22  4000-4777 10000-11777  20000-23777
Bank 5 U33 U21 U39 U27 5000-5777 12000-13777  24000-27777

Note: Address decoding is jumper selected for the PROM size used. In the 2515
system the 2048 x 8 PROM is used.
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4.10.2 Stack Scratchpad Memory

This unit is built around a 256 x 16 bit fast bipolar memory. The memory
can be written from or to the microprocessor data bus in various ways. The index
register (XR) and the stack pointer register (XSTK) are each 8-bit up-down counters
used to generate and hold the 8-bit addresses used to address memory (see Figure
4-13). All addresses are generated modulo 256. Address 0 follows address 255.
There are two modes of addressing available using the index register (XR). In one
mode the index register is set to an address which represents the base of a 16 word
page. Any of 16 words can then be written or read with 16 source and destination
codes (SP0-SP15) without resetting the index register. In the other mode of
addressing (the index register) a 15 word page is accessible and the index register is
incremented before a word is read or after a word is written, thus shifting the whole
page up or down. This pre-increment, post decrement mode of addressing may be
used to read successive words in a loop or to implement a stack using the index
register.

The stack pointer register (XSTR) has only one mode of addressing. A
store with destination code 637 does a push to the stack. A read with source code
637 does a pop from the stack. The stack pointer is ineremented for a pop (post
increment) and decremented for a push (pre-increment) (see Figure 4-14). The stack
grows toward lower addesses. When the stack pointer is used to address memory the
address is formed by adding together the contents of the stack pointer register, the
least 4 bits of the source or destination code which is always 15 and a 1 if the
operation is a pop. All actual incrementing and decrementing of the counters is
always done at the end of the read or write cycle on the master clock. But when a
pre-increment is desired a one is added to the address with an adder during the cycle
so that the effective address is incremented at the start of the eycle, although the
counter only counts up at the end of the cycle.
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Table 4-9. Source and destination Codes

Source/ Count Count
Destination Stack Index Addressed Location
Code 4SELS PTR Reg Source DEST Mnemonic
6 0 0 0 0 0 XR+16 +0 SPO
6 0 1 0 0 0 XR+16 +1 SP1
6 0 2 0 0 0 XR+16 +2 SP2
6 0 3 0 0 0 XR+16 +3 SP3
6 0 4 0 0 0 XR+16 +4 SP4
6 0 5 0 0 0 XR+16 +5 SP5
6 0 6 0 0 0 XR+16 +6 SP6
6 0 7 0 0 0 XR+16 +7 SP7
6 1 0 0 0 0 XR+16 +8 SP8
6 1 1 0 0 0 XR+16 +9 SP9
6 1 2 0 0 0 XR+16 +10 SP10
6 1 3 0 0 0 XR+16 +11 SPi1
6 1 4 0 0 0 XR+16 +12 SP12
6 1 5 0 0 0 XR+16 +13 SP13
6 1 6 0 0 0 XR+16 +14 SP14
6 1 7 0 0 0 XR+16 +15 SP15
6 2 0 0 0 1 XR+16+1 XR+16+0 XSTO
6 2 1 0 0 1 XR+16+2 XR+16+1 XST1
6 2 2 0 0 1 XR+16+3 XR+16+2 XST2
6 2 3 0 0 1 XR+16+4 XR+16+3 XST3
6 2 4 0 0 1 XR+16+5 XR+16+4 XST4
6 2 5 0 0 1 XR+16+6 XR+16+5 XST5
6 2 6 0 0 1 XR+16+7 XR+16+6 XST6
6 2 7 0 0 1 XR+16+8 XR+16+7 XST7
6 3 0 0 0 1 XR+16+9 XR+16+8 XST8
6 3 1 0 0 1 XR+16+10 XR+16+9 XST9
6 3 2 0 0 1 XR+16+11 XR+16+10 XST10
6 3 3 0 0 1 XR+16+12 XR+16+11 XST11
6 3 4 0 0 1 XR+16+13 XR+16+12 XST12
6 3 5 0 0 1 XR+16+14 XR+16+13 XST13
6 3 6 0 0 1 XR+16+15 XR+16+14 XST14
6 3 7 1 1 0 XS+16 XS+15 STK

Additional Associated Source & Destination Codes

S661 )
S663 )

D662 )
D663 )

S664
D664

Read index register to lower 8-bits of bus

Store lower 8-bits of bus to index register

Stack pointer to lower 8 bus bits

Lower 8 bus bits to stack pointer
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Figure 4-15. Stack/Scratchpad Generalized Timing Chart
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4.10.3 Real Time Clock

The real time clock is a 16 bit counter which counts every 4 microseconds.
The 4 microsecond period signal which drives the 16 bit counter is derived from the
16 MHz master clock available on the backplane (see figure 4-16). Actual counting
happens at the master clock, rather than exactly at the 4 microsecond clock. The
first master clock after the 4 microsecond clock makes a transition is used to count
the real time clock. Thus, there is some jitter in the time at which the clock counts
(never more than one microsecond) but there is no cumulative error. The clock
counter is a ripple counter which takes about 250 nanoseconds to count due to the
time for the carry to ripple from one end to the other (see figure 4-17). Because the
real time clock counts synchronously with the master clock it can be read directly
onto the data bus (through a buffer) without fear that it will be changing its value as
it is being read. However it does take 250 nanoseconds to settle down after the
master clock. Therefore it is necessary to stretch any instruction involving the clock
as a source so that the clock will be stable by the time the data is clocked into the
destination. When the clock is supplied to the bus, a delay of 6 clocks (375
nanoseconds) is enabled. The clock is never cleared or reset except when the
microprocessor is initialized. In that case, it is cleared to zeros. The period of the
clock is 262.144 milliseconds with the 16 MHz clock on the backplane.

Associated with the real time clock is a 16-bit cloeck compare register
(U105 + U106) and a 16 bit equal-not equal comparator (U107 and U108). The clock
compare register may be loaded from the microprocessor bus. Just before the clock
is counted the contents of the clock are compared with the contents of the clock
compare register. If they are equal, a +EQUAL signal is generated. The +EQUAL
signal may cause an interrupt of the microprocessor or cause action in the printer
interface. Both the count and the compare happen at the rising edge of the +CNTRU
signal. An equal compare signal is captured by flip-flop (U116) at this time.

The final register associated with real time clock is the 8-bit elock hold
register. The object of the clock hold register is to overcome the effects of interrupt
latency so that the firmware can tell the exact time at which an interrupt signal (10)
was requested. The clock hold register captures the least 8 bits of the clock when
interrupt flip-flop (U113) I0 is enabled (part of interrupt-printer interface). The data
is captured synchronously with the master clock. Since only the least 8-bits are
captured the interrupt latency must be less than 255 clock counts, or 1 millisecond,
for the firmware to be able to reconstruct the time at which the clock hold register
was clocked.
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4.10.4 Interrupt Interface

There are 4 interrupt flip-flops in the interrupt interface, designated 10 -I3
(see figure 4-18). If any of these flip-flops are set active a 2501 microprocessor
interrupt is requested (204, base 8, priority 6). The flip-flops are not reset by the
interrupt but must be reset by the firmware which can read the state of each and
reset each. To prevent multiple interrupts it is the responsibility of the firmware to
reset all the flip-flops before lowering the interrupt priority in the interrupt servicing
routine. The microprocessor firmware has the option of disabling any or all of the
interrupt flip-flops by leaving the reset bits at zero, thus holding the flip-flop
corresponding to the reset bit in a reset condition. The flip-flops are set by negative
to positive transition on the clock input. The clock inputs to the various flip-flops
are as follows:

I3  Set when an equal compare condition is detected in the real time
clock. Principal function of I3 is to turn off the printer heaters at
the end of a burn but may also be used to generate an interrupt at a
time held in the clock compare register.

12 Set when the real time clock overflows. That is when the count
changes 65536 to 0. Purpose is to allow firmware to extend the clock
to multiple word length.

Il Set by a transition on input pad T2. The sense of the transition
recognized can be inverted by ch. »zing control bit SN1. An interrupt
can also be caused by eyeling SN1 through a transition, holding the
input pad T2 constant (e.g., nothing connected to T2). The major
function of I1 is to create an artificial interrupt by eyecling SN1 to
call the task arbitrator.

10 The clock input to 10 is from a 1 of 8 selector. In addition, the
polarity of the input can be reversed by control bit SNO. Thus I0 is
multifunctional. The functions which can be selected are:

(1)  Print zone on T80 printer,

(2) Dot row strobe on T80 printer,

(3) Character strobe on T80 printer,

(4 DECIN or pad T2, the same signal as I1 uses,

(5) Paperfeed button on case of T80 printer pressed,
(6) Input pad T4,

(7) Input pad TS5,

(8) Equal compare, the same signal as used by I3.

The main functions of 10 are to turn on the printer heaters at the dot
row strobe and to cause an interrupt if the operator pushes the
paperfeed button. Which of the 8 inputs is selected is controlled by
the binary value in the 3 control bits SELO, 1, 2. These may be set by
the firmware. The clock input to I0 is filtered so that pulses shorter
than about 200 nanoseconds are ignored. This is to prevent noise on
long printer cables from causing false triggers.
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4.10.5 Fractional Multiplier

The fractional multiplier uses 2 AMD chips (25LS14) to do the multiply. A
16 bit shift register holds one of the multipliers and the result. To perform a
multiply the first number is loaded in the shift register (D722). See Figure 4-19. This
clears the 4-bit cycle counter (U98). The second number is loaded into the multiplier
at D723. Loading the second number starts the multiply which requires 33 clocks of
the 16 MHz clock. The first clock loads the least significant bit from the shift
register to the sign extend flip-flop (U100) and loads a one bit into the multiplier so
that the result will be rounded. The following 32 clocks perform the multiply. After
the sign bit enters the sign extend register, the contents of the sign extend register
are frozen for the remaining clocks, to extend the sign as shown in figure 3-16. The
result is read from shift register S722. The result is scaled so that 32768 1.0,
16384 =.5, ete. If 16384 x 16384 are multiplied, the result will be 8192. Positive and
negative numbers are acceptable and the sign will follow the rules of arithmetie. The
multiplication -32768 x 32768 will result -32768 which is incorrect and an overflow
condition due to the fact that +32768 cannot be represented in 16-bits in 2's
complement notation. Rounding always takes place and is effected by adding +1/2 to
the least significant bit. A test at condition code 723 indicates if the multiplier has
completed the multiplication.

DATA BUS
o723 16 BIT 16 BIT | sien ExTEND
PMULTIPLIER SHIFT REG FLIP FLOP
i SERIAL [
INPUT 0722
§722

CLOCKING
CIRCUIT

Figure 4-19. Fractional Multiplier Bloek Diagram
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4.11 MEDIUM RESOLUTION DISPLAY

The following text is supported by the diagrams listed below as well as
illustrations within the text.

Simple Block Diagram, Medium
Resolution Display Figure 4-21

Functional Block Diagram, Medium
Resolution Display Board Figure 4-22

Schematic Diagram, Medium
Resolution Display 2515-4706-2D

The Medium Resolution Display, hereinafter referred to as the display
board, is a 6-wide board occupying slot 8 of the cardcage.

This single board graphies display controller (see figure 4-21) provides the
interface between the 2501 microprocessor, the keyboard, the line printer, the
vector generator and the associated display. The board includes a standard serial
TTL keyboard interface which can be optionally converted to parallel by the
addition of one integrated circuit. It also includes a Centronics compatible printer
interface.

The display format is 640 horizontal by 480 vertical pixels. Individual
pixels may be read or written by the 2501 microprocessor. On command, hardware
serolling provides the capability of moving the display up or down two or more scan
lines.

The display memory comprises two frame buffers, separately accessed and
displayed, to improve animated displays. An additional mode, SUPERMODE, allows
superimposing both frame buffers on the CRT.

Video output is a standard composite video signal driving a 75 ohm line.
Additional TTL level horizontal and vertical syne outputs are provided. The vertical
rate, 50 or 60 Hz, is hardware selectable.

The major circuits to be discussed include the keyboard interface, printer
interface, interrupt logic, source/destination register addresses, control, timing,
vector generator, memory modifier, 64K RAM memory and control, and video
output. Refer to figure 4-22.

4.11.1 Keyboard Interface

The keyboard interface is used to communicate between the miecro-
processor bus and a VT100 compatible keyboard.

The keyboard interface circuits consist primarily of a universal asynchro-
nous receiver/transmitter (UART) U45, latches U89 and U110, and a timing circuit.
The UART performs all the receiving and transmitting functions between the 2501
microprocessor and the keyboard. The UART is capable of receiving and transmit-
ting serial and parallel data. In the 2515 system a serial keyboard is used, however
the parallel output capability is also illustrated in the schematie on sheet 1.
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The UART is reset during power up or by activating the BOOT/HALT
switeh. The FORHUN eclock is disabled on reset. To do this, —-BDCOK (the Q-bus
DC okay signal) is gated and produces +BDCOK, a positive level. When -BDCOK
goes low U130 line driver is cleared which inhibits the FORHUN cloek. In this way,
any characters being passed to the UART are latched into latch U89 thereby
preventing character loss. The output of the FORHUN clock is applied to the
UART. This action sets the serial output transmission line (TSO/TRANS) and buffer
empty line (TBMT) to high and resets the data available (RDA) and over run (ROR)
outputs to low. Serial bit input streams are accepted on the RSI input during the
high to low transition of the clock. The data strobe (TDSTROBE) is pulsed and
TBMT goes low. Transmission can now proceed. The data available (RDA) output
goes high once the serial input has been loaded and clocked into the UART holding
register. Also, KEY (RDA) is sent out to advise status (source base 0). KENA-L is
returned to enable the output lateh and resets RDA to a low level. The output,
DBO0-DBY, is sent to the 2501 microprocessor via the data bus. TBMT goes high and
BMT goes out to indicate the empty status of the buffer.

Eight bits of parallel data, DAT0-DATY7, are returned from the 2501 data
bus to the keyboard via the UART. The TBMT signal produced by the display board
as a status bit to indicate whether the UART is ready to accept another character
(base 0, bit 2). Data is first loaded into the holding register, then is transferred to a
transmitter shifting register. Once the data is transferred TBMT goes high and the
UART is ready to accept another character. Once the data strobe is pulsed TSO
goes low as the start bit and transmission of serial output to the keyboard
commences.

4.11.1.1 Clock Circuit. The base clock frequency is 24.57 MHz and is used to
generate all the clocks used on the display board. The CYCLE4 clock, DOTCLK,
and RASCLK are described in this subparagraph.

FORHUN is generated by dividing the base frequency by ten. It is then
applied to a pair of binary counters and a flip-flop and that reduces FORHUN by
2**9 (or divided by 512). This new cloek frequency is applied to the transmit and
receive clocks of the UART which perform an internal divide by 16. This reduces
the baud rate to 300 bits per second (or 10 characters per second).

The microprocessor data bits DATO through DAT?7 are loaded into the
destination address base 1 KEYDAT register and are then latched into U89 by
KEYCLK and present on transmit register inputs. TDSTROBE and a negative pulse
load data into the UART for transmission.

The data generated by the keyboard is received by the UART on RSI and
converted to parallel data and present on RD1 through RD8. Once the key data is
present on RD1 through RD8 the RDA (ready data available) signal goes high,
loading data in U108. The UART's RDA signal is also used to tell the micro-
processor that there is key data available through source register base 0, bit 7. The
signal KENA-L enables the data onto the microprocessor bus.
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CYLE4 Clocks

The base clock feeds U92 decade counter and also clocks a pair of flip-
flops. The U92 counters output QA-DOTCLK base frequency divided by two which
is used in the vector generator circuitry. This output is buffered by U64 and a pair
of inverters (U62) creating two phases of the same clock: CYCLE4-L, CYCLE4A,
and CYCLE4. The CYCLE4 clock is done this way so as not to exceed device
fanout.

DOTCLK

The DOTCLK is generated by the QA output of the decade counter. It
clocks four 8-bit shift registers that are used to take a 10-bit parallel work (D0
through D9) from RAM and shift it out serially. Two sections are controlled by
LDRITE and LDLEFT. The QH serial output from U46 is used as the ALTDAT line
on the video output PROM.

RASCLK

The QD output of U92 is the base frequency divided by eight and is used to
read or write data into RAM. In addition, the RASCLK output feeds the D input of
flip-flop U111l and is used to generate several clock cycles such as: MUXCLK,
MUXCLK-L, CASCLK, CYCLE2, and CYCLE3. The Q output of U111l is wrapped
around and feeds the D input of the second half of the same circuit. The first flip-
flop's Q output generates MUXCLK and the Q-NOT output MUXCLK-L. The
transitions of MUXCLK and MUXCLK-L are delayed by one base clock cycle.
MUXCLK is connected to the D input of the second stage, which is delayed by two
base clock cycles and this generates CYCLE3 and an inverted sense by U62 named
CASCLK. The Q-NOT output is inverted by U62 and called CYCLEZ2.

4.11.2 Printer Interface

The printer interface allows the 2501 microprocessor to transmit 8 bits of
parallel data and a strobe to the printer logic. Assuming that the printer switeh is
ONLINE, a SELECT signal is sent to the display board printer interface circuits to
advise the printer is ready to receive data. If paper needs to be replaced in the
printer a PAPEREND signal is sent to the source address register (base 0, bit 5) on
the display board and data transmission is inhibited until the paper is replenished.

The SELECT signal is received and passed to the 2501 microprocessor to
indicate select status. The printer destination address is decoded and the printer
clock signal (PRCLK) is generated to preset PRBSY latch (BUSY) and to load the
strobe and clock the data. An acknowledge (ACK-L) is sent from the printer to the
printer interface to indicate that it is ready to receive another character. The
ACK-L signal is approximately 5 microseconds. If an interrupt has been previously
set, the positive transition of ACK also clocks the interrupt flip-flop and IR4 is
generated (see also paragraph 4.11.3.1).
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The printer interface has three status bits that determine the state of the
printer via source address 710.

Address 710

Bit 4 PRINTER SELECT
1 = Printer is installed and operational.
0 = Printer off or not installed.

Bit 5 PAPER OUT
1 = Printer is out of paper.
0 = Printer has not run out of paper.

Bit 6 PRINTER BUSY
1 = Printer has not yet received the last data word transmitted.
0 = Printer is ready for new data.

Printer data is written into destination register U128 (address 716) and is
clocked by PRCLK of U103. PRCLK is enabled by the source/destination address
logic. This loads a present count into U90 which generates STROBE-L and presets
the printer busy flip-flop U90 (thereby setting PRBSY high).

After data is transmitted the printer returns ACK to clock U130 and set
the flip-flop into a ready state (low). When reading the source address 710, a tri-
state buffer will be enabled to generate CNDTRU (condition true, printer ready) to
the microprocessor.

If an interrupt has been previously set, the positive transition of ACK will
also clock the interrupt flip-flop and generate -IR4.

4.11.3 Interrupt Logic

The interrupt hardware includes latch U109, priority encoder U108, buffer
U124, vector select jumpers and gating circuitry (see sheet 3 of the schematic).

The display board can generate an interrupt from any of four events;
printer ready, key available, vertical syne, or vector generator command done.
Each of these events represents the transition of one of the status lines which can
be read in a source register. When acknowledged, the interrupting board will send
an interrupt handler pointer (or vector) on the appropriate lines. Each of the four
interrupting events corresponds to a unique vector within a group of four sequential
values. Similar to the way source and destination register addressing is decoded,
interrupt vectors are formed by adding the number associated with the event to a
base value which is selected with wire-wrap jumpers. Standard values for these
interrupt vectors have been assigned as shown in the table. All interrupts generated
by this board occur at level 4. Once the interrupt vector is put on the bus, the two
least significant bits of the vector are used to clear the corresponding interrupt
latch.
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Table 4-10. Interrupt Vectors

Vector Source Register Interrupt

Vector Address Signal Reference Enables Event

IV Base +0 214 Base + 0, bit 6 0 Printer changes from busy to ready
IV Base +1 215 Base + 0, bit 7 1 New keyboard data is available

IV Base +2 216 Base + 2, bit 13 1 CRT refresh cycle has finished a

complete field (odd or even)

IV Base +3 217 Base + 2, bit 15 0 Vector generator completes a
command in process

The generated vector addresses (214 through 217) depend on the funection
of the interrupt. When -IR4 is asserted low and IG4I is high the output of U93 goes
low. This low output latched into UART U108. This enables the vector address onto
the microprocessor bus and gates decoder U83 to clear the interrupt request flip-
flop.

The interrupts are software enabled by the two least significant bits, 0
and 1, of source/destination control registers KPCSW (base +0) and DSPCSW (base
+2).

Enabling interrupts is done by writing data to the appropriate destination
register, 710 or 712, bits 0 or 1. Data is then loaded by CSWCLK which generated
by the source and destination address control logic. This latches the interrupt
enable data. This data can be read back through the appropriate source address
register. The latched data bits are passed to the D input of the flip-flop which is
then clocked by the corresponding event. For example: EICMD enable interrupt on
command done is set and is clocked by the positive transition of CMDONE-L.

The outputs of the interrupt flip-flops feed U108 and are latched on the
positive transition of MCOUT-L. In turn, the four bits of U108 interrupt data is
connected to the inputs of a priority encoder. The GS output asserts -IR4 interrupt
request level 4. A0 and Al are used as select lines to U83 to allow the interrupt
flip-flops to be cleared and is also used to determine the vector address.

4.11.3.1 Printer Interrupt. When the printer is ready to receive a data word U134
flip-flop gates PRBSY (bit 6) low to control register Ul1l. The control register
transmits EIPR, printer interrupt enable, high to the interrupt logic. The data is
clocked by ACK-L and the output latched by U109.

4.11.3.2 Keyboard Interrupt. If a key is struck on the keyboard KEY is sent high
to control register U130 and the interrupt logic. EIKEY is also sent to the interrupt
logic from control register U111l (base +0). The data is clocked by KEY and the
output latched by U109.
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4.11.3.3 Vertical Sync Interrupt. At the beginning of a vertical synchronization
period (interlace, even or odd field) the display control register enables a vertical
syne interrupt (base +2, bit 1) and EIVSYNC goes high to the interrupt logic. The
video timing circuit sends VSYNC to clock the data which is subsequently latched by
U109.

4.11.3.4 Vector Generator Interrupt. The vector generator interrupts when it
completes a command and is ready to receive another and bit 15 of source address
base +2 goes low. The display control register enables the command done interrupt
and EICMD is sent high as data to the interrupt logic. CMDONE-L is then sent from
the vector command register U129 to clock the data and the output is then latched
by U109.

Once an interrupt has been lateched by U109, the output is passed to U108
priority encoder. The encoder uses the data to produce three outputs.

One output generates a buffered level 4 interrupt request (-IR4) low to
the 2501 microprocessor. The same output is NANDed with the interrupt grant
(-IG41) and returned. The output is latched to enable U83 and reset appropriate
interrupt latches. The other two outputs are used to select lines to decoder U83 and
to provide two vector select data bits to buffer U124. The interrupt vector, IV0-
IV7, is sent to the 2501 microprocessor to specify the address of the interrupt. (If
the interrupt grant is not to be used, it is passed out and off the display board as
-IG40 onto the next circuit board assembly in the system.)

Note that interrupt requests which are outstanding when the
corresponding interupt enable control bit is changed from a logic 1 to a logic 0 are
withdrawn. Interrupt causing events which occur when interrupts are disabled do
not cause an interrupt when interrupts are subsequently enabled.

4.11.3.5 Interrupt Grant Signal. The signal IG4I feeds U85 and if an interrupt
request has not been asserted (low) the interrupt grant signal is passed to the next
board on the bus via IG40.

4.11.4 Address Decode

The address decode circuitry (see sheet 3) includes two 8-bit comparators
U125 and U126, latch U104, two decoders U83 and U105, flip-flop U134 and bus
buffer gate U8T7.

Eighteen source and destination lines are sent from the 2501
microprocessor via the address bus, thirteen of which are applied directly to the 8-
bit comparators. The source lines are S0-S8. The destination lines are D0-D8.

The microprocessor source and destination addresses are used to access
the display command and data registers. Addresses are decoded through two 8-bit
comparators U120 and U121. The address select jumpers are set on SD2 through
SD8 and the current address is 710.
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The six most significant bits of destination addresses, D3 through D8, are
connected to 8-bit comparator, U120. The comparator's equals output and the three
least significant bits, D0 through D2, are latched into U102. Outputs are applied to
the select and gate lines of U103 to load all the destination registers.

Source addresses S2 through S8 connect to U121, with the equals out. S0
and S1 are used as gate and select lines to U88. Gating U88 generates two
functions. It asserts the CNDTRU bit to the microprocessor bus and enables reading
the source registers or it just generates CNDTRU to the microprocessor bus.

4.11.5 Source/Destination Registers

Three source and seven destination registers provide the address status,
and control for the display board. These registers are basically software addresses
(base) plus the register number and the active register bit (or bits; see example).
Functional descriptions follow for each of the registers.

Address Example: 710 0 (0-7)

-Active register bit
-Register number
-Source base address

4.11.5.1 Source Address Registers. The three source address registers used are
KPCSW (address base 0), KEY DAT (address base +1), and DSPCSW (address base +2).
Base +0 register address is 710, base +1 is 711, and base +2 is 712.

a. Keyboard/Printer Status, KPCSW Register, Base +0.

This register uses the eight least significant bits (0-7) of a 16 bit word. The
most significant bits (8-15) are not used.

15-8 7 6 5 4 3 2 1 0
key printer paper printer key key key print
— Not Used — avail busy out select error send intrpt intrpt

ready enable enable

Bit 0 Printer interrupt enable (EIPR)

1 = Interrupts from the printer are enabled (see destination base +0,
bit 0).
0 = Printer interrupts are disabled.

Bit 1 Keyboard interrupt enable (EIKEY)

1 = Interrupts from the keyboard are enabled (see destination base
+0, bit 1).
0 = Keyboard interrupts are disabled.
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Bit 4

Bit 5
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Keyboard send ready (BMT)

1

The keyboard transmit buffer is empty and can accept another
data word (see destination address base +6, bits 0-7). Keyboard
interface is double buffered.

The keyboard transmit buffer is full and cannot accept more
data. Sending data while the buffer is full results in loss of one
or more words of transmitted data.

Power-on = 1.

Keyboard receiver overrun error (ROR)

1 = The keyboard receiver buffer was full when another character

was received. Indicates that one or more characters have
already been lost. Error should be avoided by promptly reading
the keyboard receive register (source address base +1).
(Characters arrive at a time-averaged maximum rate of 30
characters per second.) If overrun error has occured, reading
the keyboard receive register resets this bit to 0. )

0 = No keyboard overrun error has occured since the last read of

the keyboard receive register (source address base +1).

Printer selected status (SELECT)

1

n

Local "printer on-line" switch is activated on printers which
have this feature. With printers lacking this feature, this bit is
permanently set to 1.

Printer has been deselected locally.

Paper out (PAPEREND)

1

Printer has run out of paper. Some printers may also
automatically de-select when this occurs (see source address
base +0, bit 4). If the printer does not implement this status
line, it is permanently set to 1.

Printer has not run out of paper.

Printer busy (PRBSY)

1 = Printer has not yet received and acknowledged the last data

word sent to it. Sending a new data word using destination
register address base +1 will result in an error and loss of data.

0 = Printer is ready to receive new data.
Power-on = 0.
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Bit 7 Key available (KEY)

1 = Data from the keyboard is available in source register address
base +1.
0 = The keyboard receive buffer is empty.

Power-on = 0.
Reading source register base +1 resets this bit to 0.

b. Keyboard Data, KEYDAT Register, Base +1.
This register uses the eight least significant bits (0-7) of a 16-bit word. The
most significant bits (8-15) are not used.

15-8 7 6 5 4 3 2 1 0
— Not Used — RK7 RK6 RK5 RK4 RK3 RK2 RK1 RKO

Bits 0-7 Keyboard receive data (REC)

When the "key available" status bit is set (source address base +0,
bit 7), this register contains a data word received from the
keyboard. The keyboard interface is double buffered; however,
when the buffers are full and another character is received before
this register is unloaded, a keyboard overrun error results (see
source address base +0, bit 3).

e. Display Status, DSPCSW Register, Base +2.

This register uses all 16 bits of the address word.

15 14 13 12 11 10 9 8
emd two
not blank  Field LEV3 LEV1 LEV1 LEVO  tone
done

7 6 5 4 3 2 1 0
super  Pixel Actual Un- Op/ View  vsyne 35',’,%
mode data 50/60  blank same plane intrpt  jptept

Hz enable enable

Bit 0 Command done interrupt enabled (EICMD)

1 = The vector generator will interrupt when it completes a
command except NOP.

0 = The vector generator will not interrupt.

Power on = 0.
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Vsyne interrupt enable (EIVSYNC)

1 = An interrupt request will occur at the beginning of each
vertical syne period.
0 = Vertical sync interrupts are disabled.

Power on = 0.

View plane select

Indicates which image plane has been selected for viewing, see
destination base +2, bit 2.
1 = Plane 1 is displayed.
0 = Plane 0 is displayed.

Access opposite or same plane

Indicates which image plane has been selected for access by the
microprocessor; see destination base +2, bit 3.

1 = Indicates plane which is not visible.
0 = Indicates plane which is refreshing CRT during the operation.
UNBLANK

Indicates the state of the blanking control bit (destination base +2,
bit 40.

0 = Indicates the blank state

1 = Indicates the normal viewing mode.

Actual 50/60 Hz rate selected (RD5060)

Indicates the vertical field refresh rate selected by the combination
of the hardware jumper and the 50/60 Hz control bit (destination
base +2, bit 5).

1 = 50 Hz (European)
0 = 60 Hz (American)
PIXEL data

Contains the data read during the last image memory pixel
operation. At the completion of a "pixel read" command to the
vector generator, this bit is the result.

SUPERMODE

Indicates the state of the supermode select bit, see destination base
+2 bit 7.

1 = Two image planes visible.

0 = One image planes visible.
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Bit 8 TWOTONE

Indicates the state of the twotone select bit, see destination base
+2, bit 8.

1 = Dual intensity mode has been enabled.

0 = Dual intensity mode has ben disabled.

Bits 9-12 Intensity level

Indicates the state of the intensity control bits, see destination base
+2, bits 9-12.

Bit 13 Field

Indicates which field is currently being refreshed on the CRT, odd or

even.
1 = Odd
0 = Even

Bit 14 BLANK

Indicates the current state of the blanking signal (note: this is not
the same as "unblank", destination base +2, bit 4).

1 = Blanked

0 = Not blanked

n

Bit 15 Vector generator command not done

Indicates the status of the vector generator.

1 = Vector generator is busy executing a ecommand, do not change
parameters or commands.

0 = Vector generator is idle and ready to receive and begin
executing a new command.

4.11.5.2 Destination Address Registers. The seven destination address registers
used are KPCSW (address base +0), KEYDAT (address base +1), DSPCSW (address
base +2), VECCMD (address base +3), VECX (address base +4), VECY (address base
+5), and PRDAT (address base +6).

a. Keyboard/Printer Control, KPCSW Register, Base +0.

Only bits 0 and 1 of this register are used for destination control.

15 -2 1 0

enable enable

intrpt intrpt
on on

key print

— Not Used —
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Bit 0 Enable interrupt from printer (EIPR)

1 = Printer will interrupt when "printer busy" (source base +0, bit 6)
goes low indicating printer has received one word and is ready
for another.

0 = Printer can not interrupt.

Power-on = 0

Bit1 Enable interrupt from keyboard (EIKEY)

1 = Keyboard will interrupt when "key available" (source base +0,
bit 7) goes high indicating a key has been struck and its value is
available to be read from source register base +1.

0 = Keyboard can not interrupt.

Power-on = 0

b. Keyboard Data, KEYDAT Register, Base 1.
Only the eight least significant bits of this register are used.

15-8 tf 6 5 4 3 2 1 0
— Not Used — TK7 TK6 TK5 TK4 TK3 TK2 TK1 TKO

Bits 0-7 Transmit data to keyboard (TRK). Eight bits of data which will be
automatically sent to the serial keyboard. Before writing to this register,
test "keyboard send ready" (source base +0, bit 2) to be sure the interface
is ready to receive new data.

CAUTION

After loading this register, the microprocessor must allow at
least one bus cyecle to pass before attempting to reload the
register. This normally would be acecomplished automatically
by testing the ready status bit before every keyboard load
operation.

c. Display Control, DSPCSW Register, Base 2.

This command register can be accessed by writing data into the destination
register base (address 712). The register feeds hardware responsible for sereen
setups and manipulation.
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15 14 13 12 11 10 9 8
two
— Not Used — LEV3 LEV2 LEV1 LEVO0 -
(f 6 5 4 3 2 1 0
access enable enable
super Not 50/60 un- OP/ view intrpt 1ng tD
same on on
mode Used Hz blank plane syne done

Enable interrupt on command done (EICMD)

1 = The vector generator will interrupt when "ecommand not done"
(source base +2, bit 15) goes low, indicating that execution of
the last command is complete and the vector generator can
accept a new command.

0 = The vector generator can not interrupt.

Power-on = 0

Enable interrupt on vertical syne (EIVSYNC)

1 = Video controller will interrupt at the start of the vertical syne
period when "vsyne" (source base +2, bit 13) goes high.

0 = Video controller can not interrupt.

Power-on = 0

Select viewed plane (PLANE)

Two separate image buffers exist but only one can normally be
viewed on the CRT at a time. This control bit selects the plane
which is used to refresh the CRT image so it is visible.

1 = Plane 1 is displayed.

0 = Plane 0 is displayed.

it

Access plane (SAMEOP)

The microprocessor can read, write and draw vectors in either

plane. This bit, in conjunction with "select view plane" selects

which of the planes to be accessed by subsequent image plane

operations (reading, writing).

1 = Read and write operations affect the plane which is not visible
during the operation.

0 = Read and write operations access the plane which is refreshing
the CRT during the operation.

Power-on = 0

UNBLANK
0

Forces the video signal to black level, blanking the CRT screen.
The image buffer memories are unaffected.

Normal viewing mode, the current viewable plane is visible on
the CRT.

1
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Bit 6

Bit 7

Bit 8
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50/60 Hz (RD5060)

Selects 50 Hz or 60 Hz vertical sync rate for European or American
standard television. In 50 Hz mode, additional blank lines are
inserted above and below the visible picture to slow the field refresh
rate to 50 Hz. There is provision for a wire jumper on the circuit
board to select the 50/60 Hz mode (inserted = 60 Hz). This software
controlled line can be used to override the jumper selection.

0 = Mode is selected by jumper on board.

1 = Mode is the opposite of that selected by the jumper.

Power-on = 0

Not used

SUPERMODE (Superimpose mode)

1 = Causes both image planes to be superimposed on the CRT
screen. Does not affeet the function of "viewplane" (base 2,
bit 2) or "access op/same" (base 2, bit 3), except that the plane
which is normally not visible is now visible also. The
superimposed mode slows down pixel memory accesses; this is
transparent to the programmer, but drawing images takes
longer.

0 = Normal mode, only one plane is visible.

Power-on = 0

TWOTONE (Dual intensity mode)

1 = Enable dual intensity mode. When SUPERMODE (base +2, bit 7)
is enabled (making both image planes visible), setting twotone
to 1 causes the two planes to be shown at different intensities.
The normal plane (selected by base +2, bit 2 "select viewed
plane") appears at normal brightness; the opposite plane appears
at half intensity. The pixel intensity levels of the two planes
are added to yield the displayed image. When SUPERMODE is
disabled, Twotone has no effect.

0 = Disable dual intensity mode. When SUPERMODE is enabled,
the two planes are OR'ed together and displayed at one
intensity level. When SUPERMODE is disabled, TWOTONE has
no effect.

Power on = 0

Bits 9-12 Intensity level (LEV0-LEV3)

Treated as a two's complement number, (with base +2, bit 12 as the
sign, base +2, bit 11 as the most significant bit, and base +2, bit 9 as
the least significant bit). These four bits give software control to
increase (positive values) or to decrease (negative values) the CRT
display contrast. This is acecomplished by adjusting the voltage level
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of the visible image portion of the video output signal. In typical
use, these bits would be set to 0 and the contrast and brightness
controls on the CRT monitor would be adjusted for a good picture
under normal conditions. Then, these intensity level bits can be
used to raise or lower the contrast to suit the prevailing conditions
or operator preference, without needing to change the CRT settings.
The range of adjustment in typical use is from barely visible (bit 12
set, bits 9-11 cleared) to the point where the CRT saturates (bit 12
cleared, bits 9-11 set).

Power-on = 0

Bits 13-15 Not Used

Vector Command, VECCMD Register, Base +3.

15-8 7 6 5 4 3 2 1 0
OPRN OPRN Not
— Not Used —  Res'vd ™'y 0 Used CMD3 CMD2 CMD1 CMDO

Bits 0-3 Vector generator command (CMD0-CMD3)

Bit 4

These four bits select one of eleven operations to be performed by
the vector generator. If the vector generator is ready for a new
command, writing to destination register base +3 initiates execution
of the operation selected. Parameters X and Y must be loaded prior
to issuing a command (see destination base +4). Operation codes
are:

No operation

Move to position x, y(beamp)

Draw vector to x, y

Not assigned

Read/write pixel

Fast erase from current position to x, y
Fast erase from 0, 0 to x, y
Move-relative AXx, Ay

Fine erase from current position to xy, y
Seroll up two scan lines

Seroll down two scan lines

Seroll up 2 y scan lines

Not assigned

Not assigned

Not assigned

Not assigned

—
WO N WNFHO

[y
[Ty

[
b o N

Power-on = 0
More detailed information on the vector generator is presented in
paragraph 4.11.7.

Not used
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Bit 5-6 Pixel Data (OPRNO, OPRN1)

These two bits control what data will be written to the image
memory during vector generator pixel operations. The codes are:

Bit 6 Bit 5
0 0 Read only
0 1 Clear (write 0)
1 0 Set (write 1)
1 1 Complement (invert current value)

Power on =0

These pixel data bits will be reset to a logic 0 upon completion of a
vector generator operation.

CAUTION

Do not change these bits while the vector generator is busy.

Bit 7 This bit cannot be written under software control.

Bits 8-15 Not used.

e. Vector X Coordinate, VECX Register, Base +4.

15-12 11 10 9 8 7 6 5 4 3 2 1 0
- Not Used - X11 X10 X9 X8 X7 X6 X5 X4 X3 X2 X1 X0

Bits 0-11 X coordinate.
This parameter is used by the vector generator in executing its next
command. Bits 0-11 equal X0-X11, two's complement binary,
normally in the range of 0 to +639 (decimal).
CAUTION

Do not change these bits while the vector generator is busy.
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Bits 12-15 Not used.

f. Vector Y Coordinate, VECY Register, Base +5.

15 -12 11 10 9 8 7 6 5 4 3 2 1 0
- Not Used- Y11 Y10 Y9 Y8 Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO

Bits 0-11 Y coordinate.
This parameter is used by the vector generator in executing its next

command. Bits 0-11 equal YO0-Y11l, two's complement binary,
normally in the range of 0 to +511 (decimal). Only values 0 to +479

are visible.
CAUTION

Do not change these bits while the vector generator is busy.

Bits 12-15 Not used.

g. Printer Data, PRDAT Register, Base +6.

15-8 7 6 5 4 3 2 1 0
— Not Used — P7 P6 P5 P4 P3 P2 P1 PO

Bits 0-7 Printer data.

These eight bits of data, when loaded, are sent to the printer.
Writing to this register also sets the printer busy bit, PRBSY (source
address base +0, bit 6).

Bits 8-15 Not used.

4.11.6 Condition - True

The condition line is tested by reading one of three source registers: base
+0, base +2, or base +3. This sets the bus CNDTRU line (see sheet 3 of schematic)
to the state of the function selected according to the address used. The 2501
microprocessor can test either logic state (1 or 0) of the CNDTRU line. Table 4-11
presents line and mnemonic assignments.
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Normal use of this line by the microprocessor is as the conditional input
for a jump or a return instruction. The three functions on the display board which
are tested in this manner are also available in the status registers, therefore the
table refers to the appropriate s1gnal in the source register descriptions in paragraph
4.11.5.1.

Table 4-11. Condition Line Assignments

Address Condition Source Register

BASE + 0 PRINTER BUSY Base + 0, bit 6

BASE + 3 KEY AVAIL Base + 0, bit 7

BASE + 2 CMD NOT DONE Base + 2, bit 15

BASE =710

Address Mnemonic Function

710 PRRDY Jump if printer is ready to receive another
character

710 PRBSY Jump if printer is busy

713 NOKEY Jump if no data is available from the keyboard

713 KEY Jump if data is available from the keyboard

712 VGDONE Jump if vector generator is done

712 VGBUSY Jump if vector generator is busy

4.11.7 Vector Generator

The vector generator serves as the interface between the 2501
microprocessor and the image buffer memory, the latter of which can be examined
or modified only through the vector generator. (See vector generator stages 1-3 on
schematic sheets 4-6).

Parameters from other registers and the command register are used in the
execution of vector generator commands. Specifically, destination register base +4
(VECX) is used as an X coordinate value, destination register base +5 (VECY) is used
as a Y coordinate value, and bits 5 and 6 of destination register base +3 (VECCMD)
describe how the memory is to be modified (read only, set, reset, complement). In
addition, the vector generator maintains an internal register called the "current
position". This register holds an X, Y coordinate pair, usually the last point
referenced by the vector generator. The effect of each operation on this register is
explained in the deseription of the operations.
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The vector generator program resides in four 512-word x 8-bit PROMs.
Three of the PROMs (U1, U2, and U3) are used in the hardware manipulations. The
fourth PROM (U4) is the address pointer. Bits CMD0-CMD3 provide the starting
address for the vector generator PROMs. The first 16 addresses in PROM U2
contain the data address jump table, i.e., pointers to the microcode routines for the
vector generator functions.

The vector generator commences an operation when a vector command is
loaded on bits CMD0-CMD3 and is then applied to the address bits of all the veector
generator PROMs. If, for example, PROM U4 outputs a map enable bit for U2, U2
then outputs the next address onto the PROM lines sequentially until the command
sequence is completed. Then the PROMs jump to an idling address to wait until the
next command.

Detailed descriptions of all the available commands follow in paragraph
4.11.7.1.

4.11.7.1 Vector Generator Commands. The vector command register uses four
bits, CMD0-CMD3, which are used as the starting address for the vector generator
PROMs. All the instructions used in vector operation perform four types of
functions: scrolling up or down, line drawing, read/write pixels, and erasing.

Bits 0-3 of the vector command register (U128) are written into
destination address (713), register U129. The destination address data is latched by
the positive edge of SCROLLCLK. Once latched, the data applied to U31 flip-flop
is loaded on the positive edge of the CYCLE4 clock.

All available commands are listed below followed by a description of each
command.

Command Command Parameters
Number Name Used Function
0 NOP none No operation
1 MOVE X, ¥ Move current position (CP)
2 VECTOR X, y, data, CP Draw vector from current
position to x, y
- - Not assigned
4 RWPIX X, y, data Read or write pixel at x, y
5 ERASBLK X, y, data, CP Fast erase from current position
tox,y
ERASEXY X, y, data Fast erase from 0, 0 to X, y
RELMOV X,y, CP Move current position by Ax, Ay
FINERA X, y, data, CP Precise erase from current
position to x, y
9 SCROLLUP none Scroll up 2 scan lines
10 SCROLLDWN none Seroll down 2 scan lines
11 SCROLLN y Seroll up 2*(y+1) scan lines
12-15 - - Not assigned
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Following are detailed descriptions for each available vector command

operation.

Command
0, NOP

1, MOVE

2, VECTOR

Description

Idle state; perform no operation.
Move current position point to X, Y.

This loads internal current position register with the
contents of the X and Y destination registers (base +4 and
base +5). It does not modify any image memory locations,
and does not change contents of X and Y destination
registers.

Draw vector from current position to X, Y.

This command calculates the appropriate pixel locations
near a line between the current position and the contents
of X and Y (destination base +4 and base +5) and modifies
them according to DATA (destination base +3, bits 5 and
6). Data may instruct vector to modify memory by
writing ones, writing zeros, complementing the current
state of each pixel, or not to modify memory (read).
Upon completion, the current position register is set to X,
Y and the X and Y registers will be unchanged; data will
be reset to read. Pixels modified by the vector command
include the current position and the ending point, which
may be especially significant for complement vectors.

Vectors are drawn from the current position to the ending
point, regardless of direction. When redrawing a veector
(drawing a vector using the same end points as a
previously drawn vector), the veetor command will modify
exactly the same pixels it modified when the vector was
first drawn only if the vector is drawn in the same
direction as it was previously. Thus, a vector may be
erased by drawing its complement only if the same
current position and ending point are used. Vectors are
calculated using 12 bit, two's complement signed numbers;
however, only positive numbers between 0 and 639
decimal for X, and between 0 and 479 for Y are allowed
for the display. Drawing vectors outside these limits may
result in unexpected wraparound images.

Not assigned, do not use.
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Read or write pixel at X, Y.

Using the memory modification instructions in data (base
+3), bits 5 and 6), the pixel at location X, Y will be set,
reset, complemented or simply read. When the pixel is
read or complemented, its state (or former state, in the
case of complementing) is available as bit 6 of source
register base +2 at the completion of this command. The
contents of registers X and Y are unchanged; the current
position is changed to equal X, Y.

Fast erase from current position to X, Y.

This command modifies (erases) a rectangular region of
the image in memory according to data (base +3, bits 5 an
6). Because of the way this operation is performed, only
the set and reset (write 1 or 0) modes of data are rational;
complement and read-only modes have hard-to-predict
results. Executing this command, the vector generator
modifies ten pixels simultaneously during each memory
operation. Each group of ten consists of a pixel with an
arbitrary Y coordinate and an X coordinate which is 0 or a
multiple of 10, and the nine pixels immediately to its
right on the CRT screen. The location and size of the
rectangle to be erased are defined by the internal current
position register and the X and Y destination registers
(base +4 and base +5). The axes of the rectangle are
parallel to the X and Y axes. The lower left corner of the
rectangle is located at 10* ( (current position x) modify
10), (current position Y). The upper right corner is at
((destination register X) destination register Y).

CAUTION

The current position X and Y values must be less than the
respective destination register X and Y values. In
addition, Y coordinates must be in the range 0 to 511
decimal, and the only allowable destination X coordinates
are (10N+9), where N = 0 to 63. In other words, the upper
right hand coordinate of the erased rectangle must be
accurately specified. Failure to meet these restrictions
may produce unpredictable or undesirable results.

Destination registers X and Y are unchanged; data is
cleared and the current position register is modified to
10* ( (destination register X) modify 10), (destination
register Y). The ERASBLK command will erase a region
of the screen faster than writing all the pixels in that
area individually.
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6, ERASEXY Fast erase from 0, 0 to X, Y.

This command operates identically to command 5, ERASBLK
except that the current position is automatically reset to 0 at
the start. Refer to the description of ERASBLK for details
of operaton. The fastest way to erase the entire visible
image is to execute the ERASEXY command with X = 630
decimal and Y = 470 decimal.

7. RELMOV Move current position AX and A Y.

Adds the signed value in destination registers X (base +4) and
Y (base +5) to the current position register X and Y
respectively. The contents of destination registers X and Y
are unchanged.

8, FINERA Precise erase from current position to X, Y.

This command modifies (erases) a rectangular region of the
image in memory according to data (base +3, bits 5 and 6).
Because of the way this operation is performed, only the set,
reset, and complement modes are meaningful. The location
and size of the rectangle to be erased are defined by the
internal current position register and the X and Y destination
registers (base +4 and base +5). The axes of the rectangle are
parallel to the coordinate axes. The lower left corner of the
rectangle is located at the current position; the upper right
corner is at destination registers X, Y. The current position
X and Y must be less than or equal to destination X and Y
respectively. In addition, X coordinates must lie between 0
and 639; Y must be between 0 and 511 decimal. Destination
registers X and Y are unchanged; data is cleared and the
current position is set to destination registers X, Y. This
command allows erasing a precisely located, precisely sized
rectangle but is much slower than ERASBLK and ERASEXY
commands.

9, SCROLLUP Seroll sereen up two scan lines.

This command rotates the screen image buffer so that the
picture moves up two scan lines. The top two lines move into
the bottom of an invisible 32 line additional buffer region.
The top two lines of this invisible region wrap around and
appear as the bottom two visible lines. The scroll operation
affects all image planes, viewable or not, read/write accessi-
ble or not. The seroll operation moves the current image, not
the coordinate axes. The current position register and the X
and Y registers are unaffected. Data is cleared. Notice that
the serolling operation does not change the relation between
the current position and the edges of the CRT image, but
changes the relation between the current position and the
lines previously drawn on the secreen.
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10, SCROLLDWN Secroll screen down two scan lines.

This command rotates the screen image buffer so that the
picture moves down two scan lines. The bottom two lines
move into the top of an invisible 32 line buffer. The bottom
two lines of the invisible region wrap around and appear as
the top two visible lines. The scroll operation affects all
image planes, viewable or not, read/write accessible or not.
The scroll operation moves the current image, not the
coordinate axes. Note that the serolling operation does not
change the relation between the current position and the
edges of the CRT image, but changes the relation between
the current position and lines previously drawn on the screen.
The current position register and the X and Y registers are
unaffected. Data is cleared.

11, SCROLLN Seroll up two times Y lines.

This ecommand rotates the screen image buffer so that the
picture moves up by a number of scan lines determined by the
value in destination register Y (destination base +5). The
number of scan lines moved is equal to twice the number in
register Y. The top 2*Y lines move into the bottom of an
invisible 32 line buffer. The top 2*Y lines of this buffer wrap
around and appear as the bottom 2*Y visible lines. The scroll
operation affects all image planes, viewable or not,
read/write accessible or not. The scroll operation moves the
current image, not the coordinate axes. The scrolling
operation will not change the relation between the current
position register and the edges of the CRT screen, but
changes the relation between the current position and lines
previously drawn. The X and Y registers are unchanged. The
current position register is modified. Data is cleared. This
seroll up ecommand can also be used to seroll down by using a
number for Y which rotates the image slightly less than a full
screen. To move down 2*N lines, Y = 256 -N.

12-15 Not assigned; do not use.

4.11.7.2 Display Memory. The display memory is comprised of ten 64K x 1 RAMs.
The vector commands are written into memory and then transferred to the screen.
The screen displays are generated by a series of 10-bit (pixel) words. Only one RAM
is written to or read from at any time. All others are being refreshed as RASCLK-L
is eycled.

Addresses are multiplexed for row and column addresses. Refreshing the
RAM is done during the eycle when RASCLK-L is low and CAS 0-9 are high.

Data into a RAM is written one RAM and one bit at a time. The falling
edge of RASCLK-L loads row addresses. The falling edge of CAS0-9 loads the
column addresses. The write enable goes low previous to the CAS line going low.
At this time, data is written into the RAM.
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4.11.7.2 Memory Modifier. At the end of a vector read function, memory data
(DO0-DO0Y) is loaded into data selectors U68 and U69. Three bits of select control
(COL0-COL3) from the memory control circuit select the vector to be modified.
The selected data, if gated high (from U112 flip-flop) produces READAT-L. Data
can then be read from the source register. The low output of U112, along with the
READAT-L bit, generates DIN providing the data the RAM memory. Write enable
(WE) from the memory modifier PROM enables the RAM memory for a read or write
operation. The memory modifier PROM also provides the vector generator PROMs
the status with a PIXDONE signal once the command has been completed. Refer to
figure 4-23.
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4.11.8 Video Output and Timing

The screen is divided into two fields, even and odd. Sections of PROM
microcode that perform video output are used for writing the even or odd fields.

The odd field is created first. Each time a line is done it begins at the top
at line 239 by the Y counter. The X counter increments from 0 to 64 ten times.
Then the X counter generates a horizontal syne pulse, and the Y counter decrements
to 237. This is then repeated.

Once the Y counter gets to line 0 and has gone through the increment
process to 64 ten times, the odd field is completed and a verticle syne pulse is
generated. Then at the upper left corner of the screen, it begins over again at line
240.

On the even field, when the bottom right-most lower corner is reached
again, and the field is completed, a vertical sync pulse is generated.

During this activity, the generated output is written into RAM in 10-bit

bytes. During this time also, the screen and RAM are being refreshed. Refer to the
timing illustrations shown in Figures 4-24, 4-25, and 4-26.
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4.12 UTILITY BOARD

The following text is supported by illustrations and tables within the text as
well as the major diagrams listed below. For specific information regarding parts or
the major diagrams, refer to the Diagrams and Parts Lists Manual, Publication No.
2515-0102.

Block Diagram, Utility Card Figure 4-27
Schematice Diagram, Utility Card 2515-4705-2D

The utility board occupies slot 9 of the card cage and is a 6-wide board. It
contains test signal generator circuitry designed to generate signals for use in
testing electrical and mechanical systems. It also contains an arithmetie booster
and mieroprocessor interface circuitry to perform the necessary arithmetiec compu-
tations in conjunction with the 2501 microprocessor. The functions are performed
by approximately 118 integrated circuits. The hardware will be described as
required in the following text.

4.12.1 Initialize and Master Clock

Initialize and the master clock are derived from the CPU via the 2501
microprocessor bus. -MCOUT and -INITL signals provide the master clock and reset
to the interface circuits from whence they are distributed.

4.12.2 Booster Section

The booster section consists of the microprocessor interface circuitry and a
booster processor circuit. The interface circuitry provides the control, timing,
source and destination data, and the microprocessor data bus necessary for the
utility board to perform computations and to function compatibly within the system.
The booster processor is made up of four major parts, usable separately and jointly
by the 2501 microprocessor. These four parts are a 16-bit latch, a 16-bit control
register, a 1024-word by 16-bit RAM, and a 16 x 16 bit parallel multiplier/accumu-
lator.
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4.12.2.1 Microprocessor Interface. There are eight ICs and one 256 x 4 PROM
used to provide control, timing and overflow detection. Normally, three clock
cycles are required for microprocessor operation. The interface circuitry is
capable, however, of stretching the clock from three to four intervening cycles for
both source and destination data. The address and data are latched on the rising
edge of the master clock signal, ~-MC. The clock cycle is separated by a 62.5 ns
interval. The 16-bit data carried on the microprocessor data bus must be valid
within 60 ns of the master clock's rising edge. Refer to Figure 4-28.

xNew Addr «New Addr

Device Select }
Addr Valid 8- Same Addr on 2 Cycles -»

(Source & Destination

Latch By Slow Device

-MC I__Tr'\ u _’l:-ﬁfriatch L_+ u < Clock Stretched -#= l__j

Figure 4-28. Latch Timing

The microprocessor interface circuits decode the 9 bits each of source and
destination which provide the various circuits with timing control and commands.
Refer to Table 4-12.

Table 4-12. Source/Destination/Condition Code Descriptions

Source Codes Destination Codes Condition Codes

200 MCONT- Read or Write the Control Register
201 MEM - Read or Write the Booster Memory
202 LAT - Read or Write the Booster Latch

203 LSP - Read LSP of Accum. MRAM - Multiply by RAM
204 MSPO0 - Read MSP of Accum. MRAMA - Multiply by RAM & add
205 MSP1 - Read MSP downshift1 MRAMS - Multiply by RAM & sub
206 MSP2 - Read MSP downshift 2 MLAT - Multiply by Lateh

207 MSPX - Read MSP downshift 0, MLATA - Multiply by Latch & add
1, 2,3
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Table 4-12. Source/Destination/Condition Code Descriptions

(continued)
Source Codes - Destination Codes Condition Codes
210 MCONTH - Same as MCONT but VMO0-False if:
only modifies upper P30=P31=P32=
4 bits P33=P34
211 VM1-False if:
P31=P32=P33=
P34
212 STP - Preload XTP VM2-False if:
P32=P33=P34
213 RMRAM - MRAM with round VMX-Overflow bit
for MSPX
214 RMRAMA- MRAMA withround P34 -Most signi-
ficant bit of
Accum.
215 RMRAMS - MRAMS with round
216 RMLAT - MLAT with round
217 RMLATA - MLATA with round

4.12.2.2 16-Bit Latch. The latch is primarily used for storage and is readable and
writable using source/destination code LAT. It is comprised of two 8-bit
shift/storage registers.
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4.12.2.3 16-Bit Control Register. The control register consists of four
synchronized 4-bit up/down counters and is readable and writable using the
source/destination code MCONT. The least significant 10 bits of this register is a
counter which provides the address for the RAM memory. The other 6 bits are used
for control.

The control register is loaded by destination decode signal ~-DBCONT on
the positive edge of -MC. For readback, the contents of the control register are put
on the bus during the -SBCONT decode signal by drivers U93 and U104.

The 10-bit counter (MA0-10) will be clocked by the rising edge of -MC
gated by the -CS decode that selects the booster memory for source, destination, or
multiplier source. The counter action will depend on the contents of the +CNT0-1
bits.

The control register format is shown below.

15 14 13 12 11 10 9 8
SCALE1 SCALEO CNTO TC MA10 MA?9 MAS MAT

(f 6 5 4 3 2 1 0
MAY MA6 MAS MA4 MA3 MA2 MA1 MAO

The control register bit descriptions are as follows:

Scale Control Bits 14, 15

Scale 0 Scale 1 Action for MSPX Action for VMX
Bit 14 Bit 15
0 0 Output bits 15-30 False if P30=P31=P32=P33=P34
0 1 Output bits 16-31 False if P31=P32=P33=P34
1 0 Output bits 17-32 False if P32=P33=P34
1 1 Output bits 18-33 False if P33=P34
Counter Control Bits 12, 13
Contl Cont0 Counter Control
Bit 13 Bit 12
0 0 Hold
0 1 Count down circular
1 0 Count up circular
1 1 Count up
Bit 11 Two's complement control (-TC). If 0, signed; if 1, unsigned.
Bit 10 Loaded but not used.
Bits 0-9 Loaded into the memory address counter; contains memory address

for RAMs.
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4.12.2.4 RAM Memory. There are four 1024-word x 16-bit RAMs comprising the
booster seratchpad memory. Each receives the ten least significant bits containing
the address from the control register counters. The address is written into memory
during the overlap of the low chip select (CS) and low write enable (WE) inputs. If
the chip select and write enable transitions occur simultaneously the output buffers
remain in a high impedance state. Write enable must be high for a read cycle and
the data at the current address is read out during the overlap period when write
enable is high and chip select is low. Total read or write access time is 150
nanoseconds.

Memory is loaded during the -DBMEM destination decode on the rising
edge of -MCTOA bus signal. Memory readback is accomplished through bus drivers
U69 and U70 enabled during ~-ENBTRANS with the -DIROUT signal directing the
data onto the microprocessor bus.

The memory can be read or written at the address in MCONT by using the
source/destination code MEM. The counter may either remain unchanged or do a
post-decrement or a post-increment (mod 16) depending on the state of the counter
control bits in MCONT (see source/destinate decode descripton in table 4-12). In
the count up "circular" mode the carryout of the least significant 4 bits is inhibited.
So, if octal 435 is loaded into the counter, successive reads would access words 435,
436, 437, 421, 422....... This implements the 16-bit circular buffer.

4.12.2.5 16 x 16-Bit Parallel Multiplier/Accumulator. The multiplier/accumulator
is a 64-pin dual-in-line chip with a total multiply-accumulate time of typically 115
nanoseconds. The multiplier consists of 16 data bits supplied by the CPU via the
data bus. The numbers may be interpreted as signed or unsigned depending on the
state of TC (two's complement control). An integer multiply is performed to obtain
a 32-bit result which is sign extended to 35 bits, then loaded, added or subtracted
into a 35-bit acecumulator. Provision has been made to implement rounding by
adding a logie 1 into<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>