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[ SAFETY CONSIDERATIONS I 

GENERAL - This product and relation documentatio.n must be 
reviewed for familiarization with safety markings and instruc
tions before operation. 

11M;I:II:[, 

CAUTION 

SAFETY SYMBOLS 

Instruction manual symbol: the product 
will be marked with this symbol when it is 
necessary for the user to refer to' the i n
struction manual in order to protect the 
product against damage. 

Indicates hazardous voltages. 

Indicates l'arth Igroundl terminal 'Some
times used in manual to indicate circuit 
common connected to grounded chassisl. 

The WARNING sign denotes a hazard. 
It calls attention to a procedure, prac
tice, or the like, which, if not correctly 
performed or adhered to, could result 
in injury. Do not proceed beyond a 
WA RNING sign until the indicated 
conditions are fully understood and 
met. 

The CA l'TlO;-'; sign dl'notl's it hazard. It 
calb attl'ntion to an operating procedurl', 
practice. or thl' like. which. if not correctl~' 
pl-rfortl1l'd or adhered to. could rl'sult in 
damagl' to or destruction of part or all of 
t he prod uct Do not proceed he.vond a 
CAL'TlON sign until thl' indicatl'd condi
tions arl' full~' understood and met. 

CAUTION 

STATIC SENSITIVE DEVICES 

When any two materials make contact, their surfaces 
are crushed on the atomic level and electrons pass 
back and forth between the objects. On separation, 
one surface comes away with excess electrons (nega
tively charged) while the other is electron deficient 
(positively charged). The level of charge that is devel
oped depends upon the type of material. Insulators 
can easily build up static charges in excess of 20,000 
volts. A person working at a bench or walking across a 

floor can build up a charge of many thousands of 
volts. The amount of static voltage developed de
pends on the rate of generation of the charge and the 
capacitance of the body holding the charge. If the 
discharge happens to go through a semiconductor 
device and the transient current pulse is not effective
ly diverted by protection circuitry, the resulting cur
rent flow through the device can raise the tempera
ture of internal junctions to their melting points. 
MOS structures are also susceptible to dielectric 
damage due to high fields. The resulting damage can 
range from complete destruction to latent degrada
tion. Small geometry semiconductor devices are espe
cially susceptible to damage by static discharge. 

The basic concept of static protection for electronic 
components is the prevention of static build -up where 
possible and the quick removal of already existing 
charges. The means by which these charges are re
moved depend on whether the charged object is a 
conductor or an insulator. If the charged object is a 
conductor such as a metal tray or a person's body, 
grounding it will dissipate the charge. However, if the 
item to be discharged is an insulator such as a plastic 
box/tray or a person's clothing, ionized air must be 
used. 

Effective anti-static systems must offer start-to
finish protection for the products that are intended 
to be protected. This means protection during initial 
production, in-plant transfer, packaging, shipment, 
unpacking and ultimate use. Methods and materials 
are in use today that provide this type of protection. 
The following procedures are recommended: 

1. All semiconductor devices should be kept in "antis
tatic" plastic carriers. Made of transparent plastics 
coated with a special "antistatic" material which 
might wear off with excessive use, these inexpen
sive carriers are designed for short term service 
and should be discarded after a period of usage. 
They should be checked periodically to see if they 
hold a static charge greater than 500 volts in 
which case they are rejected or recoated. A 3M 
Model 703 static meter or equivalent can be used 
to measure static voltage, and if needed, carriers 
(and other non-conductive surfaces) can be recaat
ed with "Staticide" (from Analytical Chemical 
Laboratory of Elk Grove Village, Ill.) to make them 
"antistatic. " 

2. Antistatic carriers holding finished devices are 
stored in transparent static shielding bags made by 
3M Company. Made of a special three-layer mate
rial (nickle/polyester/polyethylene) that is "antis
tatic" inside and highly conductive outside, they 
provide a Faraday cage-like shielding which pro
tects devices inside. "Antistatic" carriers which 
contain semiconductor devices should be kept in 
these shielding bags during storage or in transit. 
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Individual devices should only be handled in a 
static safeguarded work station. 

3. A typical static safeguarded work station is shown 
below including grounded conductive table top, 
wrist strap, and floor mat to discharge conductors 
as well as ionized air blowers to remove charge 
from nonconductors (clothes). Chairs should be 
metallic or made of conductive materials with a 
grounding strap or conductive rollers. 

SAFETY EARTH GROUND - This is a safety class I product 
and is provided with a protective earthing terminal. An uninter
ruptible safety earth ground must be provided from the main 
power source to the product input wiring terminals. power cord. 
or supplied power cord set. Whenever it is likely that the protec
tion has been impaired. the product must be made inoperative 
and be secured against any unintended operation. 

iv 

BEFORE APPLYING POWER - Verif)' that the product is 
confihTllI"ed to match the availabll' main power source per the 
input power configuration in.;tructions provided in this manual. 

If this product is to Ill' l'lH'rgiZl'd "ia an auto-transf()rmer Ifor 
vol tage rt'duction I make sun' till' common terminal is connected 
to thl' l'al1h tl'rminal of tbl' main powl'r SOlllTe. 

SERVICING 

Any servicing. adjustment. maintenance. or re
pair of this product must be performed only by 
qualified personnel. 

Adjustments described in this manual may be 
performed with power supplied to the product 
while protective covers are removed, Energy 
available at many points may, if contacted, re
sult in personal injury. 

Capacitors inside this product may stilI be 
charged even when disconnected from its 
power source. 

To avoid a fire hazard. only fuses with the re
quired current rating and of the specified type 
(normal blow. time delay, etc.) are to be used for 
replacement. 

EYE HAZARD 

Eye protection must be worn when removing or 
inserting integrated circuits held in place with 
retaining clips. 



INPUT POWER DISTRIBUTION 

HP 2250 Measurement & Control Systems are provided with a 
heavy duty on/off power switch. The power switch controls ac 
power for all devices in a single bay. Specifically, power is switched 
for the power supply and the cooling fans on the HP 2104 Processor 
Unit and HP 2251 Measurement & Control Unit. 

An electrical ratings label is located on the outside of each cabinet 
that requires ac input power. HP 2250 systems do not have an 
integral circuit breaker. They should be connected to a circuit that 
has a breaker that exceeds the maximum amperage requirements of 
the system including all the cabinets. 

I NOTE I 
Input power wiring must be provided to the cabinet 
power switch box. This wiring should exceed both the 
voltage and current specified by the electrical ratings 
label. In addition, safety precautions require that the 
input power wiring be kept physically separated from 
any other wiring entering or inside the cabinet. The 
recommended method of meeting this requirement is 
by locating the input power wiring inside flexible 
conduit directly to the power switch box. All wiring 
should also meet the requirements specified by local 
electrical codes. 

I NOTE I 
All wiring installation and changes should be done 
with AC power off and only by a qualified electrician. 

INPUT WIRING SPECIFICATIONS 

The following specifications describe the ac power wiring: 

Maximum voltage rating: 300 Volts AC 

Maximum current carrying: 10 Amps 

Maximum operating temperature: 65 degrees C 

Maximum number of power cords per switch for power supplies 
and/or cooling fans: 4 

Maximum number of cabinets powered by one power switch: 1 

INPUT POWER WIRING 

Refer to the wiring diagram attached to the power switch when 
using the following instructions. AC input power wiring should be 
attached to the cabinet as follows: 

1) Remove the switch box cover by loosening the two screws. 

2) Route the input wiring through the switch box knockout and 
clamp the flexible conduit or wiring so as to provide substantial 
strain relief to the wiring. 

3) Attach spade lugs to the voltage, or "hot," neutral and ground 
lines. 

4) The ground wire should be attached to the ground post inside 
the switch box. The ground post has a label with the ground 
symbol next to it. Loosen the two nuts on the ground post and 
place the ground lug from the input power wiring underneath 
the nuts. Retighten the two nuts securely. 

5) The hot side of the switch is the side with the brown wire 
from the power supply cable. Attach the hot side of the input 
power wiring to the empty screw terminal on that side of the 
switch. Securely tighten the switch. 

6) Attach the neutral side of the input power wiring to the 
empty screw terminal on the other side of the power switch. The 
other screw terminal on that side of the switch has a blue wire 
connected to it from the power supply. Securely tighten the 
screw terminal. 

7) Being careful to not snag any wiring, replace the switch cover 
and tighten the two retaining screws. 

8) Before applying ac power to the system, verify that the power 
supply and cooling fan voltage settings are correct for the 
voltage being applied. 

ADDING ADDITIONAL POWER CORDS TO THE SYSTEM 
POWER SWITCH 

When it is necessary to add additional power supplies or measure
ment & control units to the system, they may also be switched by 
the cabinet power switch. Refer to the wiring diagram while using 
the following instructions to add power cables to the switch: 

1) Disconnect AC power at the circuit breaker or some point in 
the circuit prior to the 2250 system. 

2) Remove the covers from the set screw connectors by twisting 
their cap while holding the wiring stationary. Loosen the set 
screw and remove the wiring. 

3) The fan cords have no polarity and therefore their cables can 
be arbitrarily added to the set screw connectors. The power 
supply cable has the following polarity - hot = brown, neutral 
= blue. Attach the brown wire to the bundle of cables that 
include the black wire to the switch. Add the blue wire to the 
bundle of cables that include the white wire to the switch. 

4) Reinsert the wires into the metal sleeve and securely tighten 
the set screw. Reattach the plastic cap and tighten. 

5) Being careful to not snag any wiring, replace the switch cover 
and tighten the two retaining screws. 

6) Before applying the ac power to the system, verify that the 
power supply and cooling fan voltage settings are correct for the 
voltage being applied. 
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FEDERAL COMMUNICATIONS COMMISSION 

RADIO FREQUENCY INTERFERENCE 

STATEMENT 

WARNING: This equipment generates, uses, and can radiate 
radio frequency energy and if not installed and used in 
accordance with the instructions manual, may cause 
interference to radio communications. As temporarily 
permitted by regulation it has not been tested for compliance 
with the limits for Class A computing devices pursuant to 
Subpart J of Part 15 of FCC Rules, which are designed to 
provide reasonable protection against such interference. 
Operation of this equipment in a residential area is likely 
to cause interference in which case the user at his own 
expense will be required to take whatever measures may be 
required to correct the interference. 
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PREFACE 

This manual provides reference information for the Hewlett-Packard HP 
2250 Measurement and Control Proc~ssor hardware. 

The HP 2250 hardware consists of an 
Measurement and Control Unit, each 
several cards. Both units can 
depending on the application. 

DOCUMENTATION 

HP 2104 Processor Unit and an HP 2251 
of which consists of a card frame and 
be mounted in a rack or a cabinet, 

Additional information for the HP 2250 is included in the following 
manuals: 

a. HP 2250 Measurement and Control Processor Programmer's Manual, part 
no. 255eO-9000l. 

b. HP 2250 Measurement and Control Processor System Introduction 
Manual, part no. 02250-90011. 

c. HP 2250 Measurement and Control Processor Installation and Start-Up 
Manual, part no. 02250-90012. 

d. HP 25581A Automation Library Manual, part no. 25581-90001. 

e. HP 25582A Automation Library for Desktop Computers, part no. 
25582-90001. 

f. 

viii 

HP 2250 Measurement and 
Verification Manual, part no. 

Control Processor 
25595-90001. 

Diagnostic and 



INTRODUCTION TO THE HP 2250 

The HP 2250 Measurement and Control Processor is designed to provide 
computer controlled automation tasks including data acquisition, data 
reduction, engineering unit conversions, data comparisons for decision 
making, execution of control algorithms, control actions and updates, and 
alarm task scheduling. 

When using the HP 2250 for data acquisition, you may do the following: 

Detect discrete input signals such as the on or off state of a switch. 

Measure continuously variable input signals such as temperature, 
pressure, speed, or voltage. 

Set up discrete output signals such as the on or off state of an output 
relay. 

Generate continuously variable output signals such as valve position or 
current. 

ORGANIZATION OF THIS MANUAL 

The HP 2250 hardware can be categorized into three main areas: 

Racks and cabinets. 

HP 2104 Processor Unit 

HP 2251 Measurement and Control Unit 

The HP 2251 can be further broken down into input/output, or "function" 
cards, which interface the HP 2250 Measurement and Control Processor to 
the external sensor or actuator that is being measured or controlled. 

Information on each of these hardware areas is contained in a separate 
section of this manual, as follows: 

Section I 

Section II 

HP 2250 Measurement and Control 
description, consisting of an 
description including racks and 
overall function description. 

HP 2104 Processor Unit 

Processor system 
overall physical 

cabinets, and an 
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Section III 

Section IV 

Section V 

Section VI 

Section VII 

Section VIII 

Section IX 

Section X 

Section XI 

Section XII 

Section XIII 

Section XIV 

HP 2251 Measurement and Control Unit 

HP 25501A l6-Channel High-Speed Analog Input Card 

HP 25502A 32-Channel High-Level Multiplexer Card 

HP 25503A 32-Channel Low-Level Multiplexer Card 

HP 25504A l6-Channel Relay Multiplexer Card 

HP 255l·0A 4-Channel Voltage/Current Analog Output Card 

HP 25511A 32-Point Digital Input Card 

HP 25513A 32-Point Digital Output Card 

HP 25514A 16-Point Relay Output Card 

HP 25516A 16-Point Digital Multifunction Card 

HP 25594A Thermocouple Reference Connector 

Signal Conditioning Modules 

Two typical HP 2250 Measurement and Control Processors are shown in 
figure 1. 
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Section III 

Section IV 

Section V 

Section VI 

Section VI I 

Section VIII 

Section IX 

Section X 

Section XI 

Section XII 

Section XIII 

Section XIV 

Section XV 

Section XVI 

HP 2251 Measurement and Control Unit 

HP 25501A 16-Channel High-Speed Analog Input Card 

HP 25502A 32-Channel High-Level Multiplexer Card 

HP 25503A 32-Channel Low-Level Multiplexer Card 

HP 25504A 16-Channel Relay Multiplexer Card 

HP 25510A 4-Channel Voltage/Current Analog Output Card 

HP 25511A 32-Point Digital Input Card 

HP 25513A 32-Point Digital Output Card 

HP 25514A 16-Point Relay Output Card 

HP 25516A 16-Point Digital Multifunction Card 

HP 25594A Thermocouple Reference Connector 

Signal Conditioning Modules 

HP 25512 4-Channel Counter Input Card 

HP 25515 4-Channel Pulse Output Card 

Two typical HP 2250 Measurement and Control Processors are shown in 
figure 1. 
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2250·1H 

HP-2250R 
Rack-mounted for 
laboratory, control room, 
and light industrial 
applications. 

It is shown here with an 
H P 1 000 Model 45 
Computer System. 

HP 2250N 

NEMA-12 sealed enclosure 
for factory floor application. 

Figure 1. HP 2250 Measurement and Control Processors 
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1.1 INTRODUCTION 

Section I 
HP 2250 System Description 

This chapter provides physical and functional descriptions of the HP 
2250 Measurement and Control Processor. Included are photographs and 
diagrams showing the physical layouts of the various configurations of 
the HP 2250, and diagrams and a description of the functional operation 
of the system. 

1.2 HP 2250 PHYSICAL DESCRIPTION 

Figure 1-1 shows the components for the different configurations of the 
HP 2250. Digital and analog function cards perform I/O for the system. 
These function cards are part of the HP 2251AN/AR Measurement and 
Control Unit (MCU). Digital and analog signal conditioning modules are 
mounted on the function cards to tailor the function card for 
interfacing to the different types of external sensors and actuators. 
The HP 2104 Processor Unit consists of a card frame and several cards 
which control the operation of the HP 2250. Different combinations of 
the HP 2104 and HP 2251 comprise the several configurations of the HP 
2250. 
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The different configurations of the HP 2250 (shown in figure 1-2) are as 
follows: 

HP 2250M Measurement and Control Processor 

The HP 2250M is a complete measurement and control system in a 
small, mobile cabinet. The HP 2250M contains an HP 2104 Processor 
Unit, one HP 2251 Measurement and Control Unit, and provision for 
mounting up to ten field wiring assemblies (FWAs). 

Options: -010 HP 12013A Battery Backup 

-015 230 volt, 50 Hz operation 

HP 2250N Measurement and Control Processor 

The HP 2250N is a measurement and control processor in an industrial 
NEMA-12 cabinet. The HP 2250N contains an HP 2104 Processor Unit, 
nine additional card slots for adding an HP 2103LK Board Computer, 
up to two HP 2251 Measurement and Control Units (one required), and 
up to 40 field wiring assemblies (FWAs). 

No'rE 

NEMA stands for the National Electrical Manufacturer's 
Association, which defines standards for electrical 
equipment, including cabinets. A NEMA Type 12 cabinet, such 
as is used to house the HP 2250N, is defined as being 
moisture resistant, and dust resistant. In addition, the 
cabinet is designed to provide the necessary cooling surface 
for the heat from electronic components, up to 50 degrees C 
external temperature. 

Options: 

-010 HP 12013A Battery Backup 

-015 230V, 50 Hz operation. 
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Figure 1-2. HP 2250 System Configurations 
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HP 2250R Measurement and Control Processor 

The HP 2250R is a measurement and control processor in an upright, 
standard 19-inch cabinet. The HP 2250R contains an HP 2104 
Processor Unit, and provision for two (one required) HP 2251 
Measurement and Control Units, and up to 20 FWAs. This model can be 
expanded (using additional cabinets) to mount up to six more (eight 
total) HP 2251AR Measurement and Control Units (MCUs) and up to 175 
more (195 total) FWAs. 

Options: 

-001 One additional HP 25575B cabinet with space for 45 FWAs. 

Total capacity: Two MCUs, 16 function cards, 65 FWAs. 

-002 Two additional HP 25575B cabinets, each with space for 45 
FWAs. 

One additional HP 25575C cabinet, with space for one power 
supply, three MCUs, and 20 FWAs. 

Total capacity: Five MCUs, 40 function cards, 130 FWAs. 

-003 Three additional HP 25575B cabinets, each with space for 45 
FWAs. 

Two additional HP 25575C cabinets, each with space for one 
power supply, three MCUs, and 20 FWAs. 

Total capacity: Eight MCUs, 64 function cards, 195 FWAs. 

-010 HP 12013A Battery Backup 

-015 230 volt, 50 Hz operation 

-016 Same as option -002, except with 230 volt, 50 Hz operation 
(option -015). 

-011 Same as option -003, except with 230 volt, 50 Hz operation 
(option -015). 

1 - 5 



System Description 

1.2.1 HP 2251AN/ AR Measurement and Control Unit 

There are two models of the HP 2251 Measurement and Control Unit (MCU): 

HP 2251AN Measurement and Control Unit: 

Designed for mounting in a NEMA enclosure, for use with the HP 
2250N. 

HP 2251AR Measurement and Control Unit: 

Designed for rack mounting in cabinets, for use with the HP 2250M 
and HP 2250R. 

The two models of the MCU are shown in Section III, figure 3-1. Each 
MCU consists of a function card frame and a backplane wiring assembly. 
The function card frame contains a Backplane Interface (BIF) card (part 
number 25514-60001) and room for up to eight function cards. The types 
of function cards available are: 

HP 25501A 16-Channel High-Speed Analog Input 
HP 25502A 32-Channel High-Level Multiplexer 
HP 25503A 32-Channel TJow- Leve I Multiplexer 
HP 25504A 16-Channel Relay Multiplexer 
HP 25510A 4-Channel Voltage/Current Analog Output 
HP 25511A 32-Point DigitA.I Input 
HP 25513A 32-Point Digital Output 
HP 25514A 16-Point Relay Output 
lIP 25516A 16-Point Digital Multifunction 

Signal conditioning modules, which are small printed circuit assemblies, 
are mounted on the function cards in order to tailor the function card 
for interfacing to many types of actuators and sensors. The different 
types of signal conditioning modules (SCMs) are as follows: 

1-6 

HP 25531B/C/D/E/K/L One-Point Non-Isolated Strobe Digital Input 
HP 25533B/C/D/E/F/G/H/J One-Point Isolated Strobe Digital Input 
HP 25535B/C/D/E/K/L Four-Point Non-Isolated Digital Input 
HP 25531P/Q/R/S/T/U/V/W Four-Point Isolated Digital Input 
HP 25539A/B/G/H/I 4-Channel Relay Arc Suppression 
HP 25540A/B/C/D 8-Channel Analog Input 
lIP 25543N Four-Channel Isolated Output 
HP 25544A/B/C Four-Channel Non-Isolated Output 
HP 25545P Two-Channel Solid State Relay Output 
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From one to eight MCUs are included in a HP 2250 system, depending on 
the configuration and application. 

1.2.2 UP 2104ANj AR Processor Unit 

The HP 2104 Processor Unit performs task processine, and data 
computation and conversion for the HP 2250 system. Briefly, it compiles 
and executes requests from the controller (host computer system), and 
converts measurement and control data resulting from these requests. 
See Section II for a complete description of the HP 2104 Processor Unit. 

As with the MCU, the processor unit has two models: 

HP 2104AN Processor Unit: 

Designed for mounting in a NEMA enclosure, 
2250N. 

HP 2104AR Processor Unit: 

for use with the HP 

Designed for rack mounting in cabinets, 
and HP 2250R. 

for use with the HP 2250M 

The two models of the HP 2104 are shown in Section II, figure 2-1. Each 
unit consists of a card frame, a backplane wiring assembly, an HP 12035A 
Power Supply, and the following cards: 

HP l200lD Processor 
HP 12070B RAM/ROM/STACK (RRACK) Memory 
HP 12071A Measurement and Control Interface (MCI) 
HP 12009A HP-IB Interface 

Optional cards for the processor unit are: 

HP 12013A Battery Backup 
HP 37203L HP-IB Modem 

In addition, the customer may install an HP 37203L HP-IB modem for 
remote extension of an HP 2250 via either coax or fiber-optic cable. 
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1.3 HP 2250 FUNCTIONAL DESCRIPTION 

A functional block diagram of the HP 2250 is shown in figure 1-3. As 
noted in the physical description paragraphs, the HP 2250 is composed of 
an HP 2104 Processor Unit, from one to eight HP 2251 Measurement and 
Control Units, and up to 64 I/O or function cards which send and receive 
measurement and control signals to external sensors and actuators. (The 
external sensors and actuators comprise a "process" such as the 
operation of a steel mill or an oil refinery.) The function cards are 
wired to the external process through Field Wiring Assemblies (FWAs); 
there oan be up to 195 FWAs. 

The HP 12001D Processor compiles and executes requests from the HP-IB 
bus and converts measurement and control data resulting from these 
requests. 

The HP 12070A Memory contains Read Only Memory (ROM) chips, and Random 
Access Memory (RAM) chips. The HP 2250 firmware (MCL/50) is stored on 
the ROM chips. The RAM chips contain user memory, which is used to 
store instructions that implement a particular measurement and control 
function, and to store the data resulting from the instructions. 

The HP 12071A Measurement and Control Interface (MCI) provides interface 
between the processor unit backplane and the measurement and control 
unit (MCU) backplane, a time-of-day clock, a pacing timer, and an 
external pace input. (The MCU backplane connects to the function cards 
which provide the input/output capability for measurement and control.) 

The HP 12009A HP-IB Interface includes an HP-IB cable and carries 
control signals and data to and from the host computer (controller). UP 
to 14 other HP-IB devices also can be connected to this bus without 
remote extension via coax or fiber-optics. 

The HP 12035A power supply provides the processor unit backplane with dc 
voltages and a 25 kHz voltage source to the MCUs via the backplane 
interface (BIF) card. 

The HP 2251 Measurement and Control Unit (MCU) contains a card frame 
which holds the backplane interface card and room for up to eight 
function cards. There can be up to eight MCUs in an HP 2250 system. 

The Backplane Interface (BIF) card provides the function cards with 
signal buffering, partial address decoding, interrupt masking, and 25 
kHz power. In a system consisting of more than one MCU, each MCU 
contains one BIF card, and the MCI bus connects through each BIF to the 
succeeding (or "downstream") MCUs in a "daisy chain" fashion. 
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Function cards match the type of sensor or actuator in the external 
process. The principal function card types are analog input and output, 
and digital input and output. 

A function card can accomodate up to 32 external points 
card type) and occupies one slot in the NeU card frame. 
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Section II 
UP 2104 Processor Unit 

2.1 INTRODUCTION 

This section contains information on the HP 2104 Processor Unit. The 
processor unit, see figure 2-1, is the computing and control portion of 
the HP 2250 Measurement and Control Processor. 

The basic processor unit cards are: 

HP 12001D Processor 

HP 12070A RAM/ROM/STACK (RRACK) Memory 

HP 12071A Measurement and Control Interface (MCI) 

HP 12009A HP-IB Interface 

HP 12035A Power Supply 

Optional cards for the processor unit are: 

HP 12013A Battery Backup 

HP 37203L HP-IB Modem 

The processor unit cards are shown in figure 2-2. 

The processor unit executes programmed instructions to provide control 
over the I/O (function) cards. The processor unit communicates with a 
host computer (controller) over the HP-IB interface, then compiles and 
executes requests, and reduces and converts measurement and control data 
resulting from these requests. 
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Figure 2-2. HP 2104 Processor Unit Cards 
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The 12001D processor card communicates with the function cards through 
two levels: The first level is the 12071A measurement and control 
interface (MCI) which provides interface between the processor unit 
backplane and the measurement and control unit (MCU) backplane. (The 
MCU backplane connects to the I/O (function) cards which provide the 
input/output capability for measurement and control.) The second level 
is the backplane interface (BlF) card located in each MCU. The BlF card 
distributes measurement and control backplane signals to the individual 
function cards in the MCU over the function card backplane. The BIF 
selects one of the eight function cards to be addressed, provides data 
transfer ac voltage to the function card requirements. 

The 12070A memory card contains Read Only Memory (ROM) chips, and Random 
Access Memory (RAM) chips. The HP 2250 firmware is stored in the ROM 
chips. The RAM chips are user memory, and are used to store 
instructions that implement a particular measurement and control 
process, and to store the data resulting from the instructions. 

The 12071A measurement and control interface (MCl) card provides 
interfacing between the processor unit backplane and the measurement and 
control unit (MCU) backplane. The MCU backplane connects to the 
functions cards, which provide the input/output capability for 
measurement and control. 

The 12009A HP-lB interface card includes a two-meter HP-IB cable which 
carries control signals and data to and from a host computer 
(controller). Up to 15 other HP-IB devices can be also be connected to 
the HP-IB. 

The 12013A battery backup card protects memory contents up to 30 minutes 
if power fails. 

The 37203L HP-lB link extends the transmission distance of the HP-IB bus 
to remote locations via coaxial cable or fiber optic (HP 37203L, Option 
001) cable. The maximum distance is 1000 metres (3280 feet). 

2.2 FUNCTIONAL DESCRIPTION 

A functional block diagram of the HP 2104 Processor Unit is shown in 
figure 2-3. 
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Processor Unit 

The processor card operates -from programs running in an external 
computer, and provides control of the HP 2250 and its function car~s by 
executing instruction sets stored in the memory card ROM. The processor 
card also controls data transfers (including Direct Memory Access 
(DMA», processes I/O interrupts, provides self-test instructions, and 
performs all necessary computations. The major component on the 
processor card is a 64-pin Silicon-On-Sapphire (SOS) integrated circuit 
which contains much of the processor logic. This IC is called the CPU 
chip. 

The processor card provides synchronous control using clock signals 
which are generated by the processor card. 

The memory card provides ROM memory for the HP 2250 firmware and RAM 
user memory for application programs. The ROM word size is 16 bits and 
the RAM memory is 17~bits (it has an additional bit for parity). The 
16-bit wide memory' corresponds with the HP 12001D Processor 
requirements. The parity bit provides a means to maintain integrity of 
data in the RAMs. 

The memory card and processor card plug into a common backplane. 

The RAM memory operates in three modes: 

a. Write cycle. 

b. Read cycle. 

c. Refresh cycle. 

The ROM operates only in the Read cycle, because its memory permanently 
contains the processor's firmware. Memory read and write cycles are 
initiated by the processor card, while RAM refresh cycles are. initiated 
by the memory itself to maintain its contents. 

The memory can be addressed either directly or relatively (also called 
mapped addressing). The address word has 16 bits which comes from the 
processor over the backplane on the address bus. 

Mapped addressing is a general term describing the addressing operation, 
and includes "Stack Addressing" and "Offset Addre~sing" described below. 

Stack addressing is a form of mapping where the memory instructions 
access a "window" of data that aut~matically moves through memory. 
Automatic movement through memory is accomplished by successive 
increment or decrement operations. 

Offset addressing occurs when a program statement contains an address 
which is merely a pointer to another address in memory (the address is 
stored in a register which is then used to access the offset address). 
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The dynamic RAM elements require refreshing in order to retain data. 
Refresh is accomplished by issuing a read strobe pulse to all the RAMs 
at regular intervals. The memory controller performs the refreshing by 
addressing each row of bits separately and issuing a refresh read pulse. 

The parity generation/detection circuit provides parity information for 
data as it is stored into memory, and checks data being accessed from 
memory for correct parity. The circuit monitors the data bus directly 
(without buffering) so that the parity being checked is checked on the 
backplane as it is accessed by the processor. 

The memory card will 
after a parity error. 
information through 
should be taken. 

continue to read and write without interruption 
It is up to the card receiving the parity error 

the parity signal line to determine what action 

* 
The HP 12071A Measurement and Control 
following functions: 

Interface (MCI) card performs the 

Generates address words with address control signals which are used to 
select or scan input or output channels or points on the function 
cards. 

Provides timing. The MCI card has internal timers for various 
measurement pacing modes. The internal timers are supplemented by an 
external pacing line to precisely control the rate at which 
measurement and control events occur, independently of processor 
timing. Internal and external pacing assures that the proper data 
passes through the card's data register at the right time, 
transferring between the MCV and processor backplanes. 

Manages its own controller backplane I/O, responding to its firmware 
instructions, and from these it provides the required MCV backplane 
control signals to the function cards. It also receives function card 
handshake signals, function card interrupts, and function card data 
from the MCU backplane. 

Interprets processor control instructions; 
(DMA) word transfers. 

e.g., Direct Memory Access 

An I/O Master chip on the MCI card processes I/O instructions and DMA 
operations independently for that card, relieving the computer of this 
function. This arrangement eliminates restrictions on the number or the 
type of devices or interfaces using DMA. 

The I/O Master detects the card's select code in address words 
computer independently of the card's position in the backplane. 
possible because the card's address is stored in a Global 
contained in the I/O Master. The select code is entered via 
switches on the card. 

from the 
This is 

Register 
a set of 
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Priority of I/O interrupts and DMA backplane acess is established by the 
I/O card's position in the processor unit. The slot next to the 
processor card has the highest I/O priority. From this slot the I/O 
interrupt priority numbers successively increase (less priority) as the 
slot numbers increment. Therefore, due to the Mel card's location, it 
has the highest I/O card priority of the controller section. 

For more information concerning programmed I/O and DMA transfers, and a 
detailed description of the I/O Master, refer to the HP 1000 L-Series 
Interfacing Guide, part number 02103-90005. 

The addressing circuits on the card consist of an Address Latch for the 
upper-eight address word bits, an Address Counter Latch for the 
lower-eight address word bits, an Address Decoder for Mel card internal 
registers, and an Address Buffer for channel or point addresses to be 
transferred onto the Me Bus. 

Input and output data transfers are passed through a bidirectional data 
register. 

The HP 12009A HP-IB Interface provides an interface between the HP 2250 
and an external computer (controller). Up to 14 additional devices can 
be connected to the HP-IB. (HP-IB is the Hewlett-Packard implementation 
of IEEE Standard 488-1975, "Digital Interface for Programmable 
Instrumentation," and ANSI Standard Me 1.1. The HP-IB is a standard 
method of communication for HP computers and HP-IB-compatible 
instruments.) 

The HP-IB card plugs into a single slot of the processor unit card frame 
and is assigned only one sel~ct code. The HP-IB card is connected by 
cable to the HP-IB devices or system controller which may be a 
Hewlett-Packard computer system. To the processor unit, this card is an 
I/O card and is under the processor card's control at all times. 

The HP-IB card has the capability of handling its own Direct Memory 
Access (DMA) and of decoding its own instructions from the processor 
unit. These features are performed by an I/O Master chip located on the 
HP-IB card. 

All interfaces to the processor unit backplane and to the HP-IB devices 
are provided by two integrated circuit chips. The first chip, the I/O 
processor (lOP) chip, manages all I/O functions of the backplane. The 
second chip, the PHI (Processor to HP-IB Interface) chip performs all 
data and control signal interactions with ,the HP-IB devices. Through 
the use of these two chips, the HP 12009A HP-IB Interface relieves the 
processor of most of the HP-IB protocol processing. 
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2.2.1 Addressing-Talking-Listening-Handshaking 

A technique of addressing is used to deter~ine which device is to "talk" 
and those devices that are to "listen". Data is sent from one device to 
another device in a bit-parallel, byte-serial format using an 
interlocked remove data before the receiver has finished using the data. 
It also ensures that data is not lost when devices having inherently 
different speeds communicate on the same bus. 

Definitions of different types of "talker" or "listener" devices are 
listed below. 

TALKER - Any device that is capable of sending or transmitting 
information on the bus. There can be only one talker at a time on 
the bus. 

LISTENER Any device that is capable of receiving or 
information on the bus is a listener. There may be 
listeners at the same time on the bus. 

accepting 
up to 14 

TALKER-LISTENER - Any device that has the capablility of both 
sending and receiving information on the bus as defined previously 
is both a talker and listener. For example, a counter is a talker 
when sending data and a listener when it is being programmed. 

CONTROLLER - Any device that has been programmed to have the 
responsibility of managing the flow of information between devices 
connected to the bus is an HP-IB controller. It is capable of 
addressing one of the devices as a talker and one or more of the 
others as listeners. The HP-IB permits a system to have more than 
one controller, but only one controller may be active at a time. 

SYSTEM-CONTROLLER - An HP-IB System Controller for the HP 2250 is 
always a computer system such as the HP 1000. The System 
Controller can be installed in the HP 2250. This is the optional 
HP 1000 L-Series Computer installed in the second card cage 
adjacent to the HP 2250 processor unit card cage. 
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Section III 
UP 2251 Measurement And Control Unit 

3.1 INTRODUCTION 

This section contains information on the HP 2251 Measurement and Control 
Unit (MCU). The MCU, see figure 3-1, consists of a card frame which 
contains a Backplane Interface (BIF) card and up to eight I/O (function) 
cards. Up to eight MCUs can be included in an HP 2250 Measurement and 
Control Processor, depending on the HP 2250 configuration. See Section 
1 for descriptions of the various configurations. 

Information covering the individual function cards is contained in 
separate sections, as follows; 

Section IV -- HP 25501A 16-Channel High-Speed Analog Input 

Section V -- HP 25502A 32-Channel High-Level Multiplexer 

Section VI -- HP 25503A 32-Channel Low-Level Multiplexer 

Section VII -- HP 25504A 16-Channel Relay Multiplexer 

Section VIII -- HP 25510A 4-Channel Voltage/Current Analog Output 

Section IX -- HP 25511A 32-Point Digital Input 

Section X -- HP 25513A 32-Point Digital Output 

Section XI -- HP 25514A 16-Point Relay Output 

Section XII -- HP 25516A 16-Point Digital Multifunction 

Section XIII -- HP 25594A Thermocouple Reference Connector 

Section XIV -- Signal Conditioning Modules 

Briefly, the purpose of the MCU is to interface the function cards from 
external sensors and actuators to the HP 2104 Processor Unit. This is 
accomplished by means of the Backplane Interface (BIF) card. 
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HP 2251AN 

52A-()616 

HP 2251AR 

52A.()617 

Figure 3-1. HP 2251AN and HP 2251AR Measurement and Control Units 
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A measurement and control interface (MCI) bus connects the 
Measurement and Control Interface (located in the processor 
backplane interface (BIF) card in each MCU. 

HP 12071A 
unit) to a 

A power bus connects power from the HP 12035A Power Supply to the BIF 
and from there to the function cards. Thus, the BIF provides a signal 
interface between the function cards and the MCI in the processor unit, 
and a power interface between the function cards and the power supply. 

3.2 MCI BUS DESCRIPTION 
The measurement and control interface (MCI) bus connects the MCI to one 
or more BIFs, depending on the number of MCUs in the HP 2250 (each MCU 
contains one BlF). The BlFs connect to the function cards through a 
backplane. The configuration of power bus, MCl, MCl bus, BlFs, and 
function card backplane is shown in figure 3-2. 

The card frame containing a BlF and the function cards it serves also 
contains the function card backplane; together these items (card frame, 
BIF, function cards, and function card backplane) comprise an MCU. Nine 
card slots in the card frame have numerical designations from 0 through 
8. 

The BIF is always in the first slot (slot 0) of the MCU. The mainframe 
card group (function cards and BlF) is physically "MCU 0" and is usually 
also designated as logical "MCU 0." The first additional MCU is usually 
"MCU 1," etc. The MCU address is set by a thumbwheel switch on the 
front edge of the BlF. MCU addresses do not have to agree with the 
physical location of the MCU. The MCI can communicate with up to 8 MCUs 
for a maximum of 64 function cards. 

The BlF provides the function cards with signal buffering, 
address decoding, interrupt masking, and 25 kHz power. In a 
consisting of more than one MCU, the MCl and power buses connect 
each BlF to the downstream MCUs in a "daisy chain" fashion. 

partial 
system 

through 
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3.3 MCV BACKPLANE SIGNALS 

The NCU backplane consists of 16 data lines in addition to control 
lines, system clock lines, control common lines, power bus lines, and 
several spare lines. The signals are defined in table 3-1. 

NCU and backplane operation in reference to the MCl and BlF is described 
in the following paragraphs. 

All signals except clocks are inverted as they enter and leave a card. 
Negative true versions of signals are designated with a minus sign 
suffix. For example, ADS-. 

3.3.1 Clock Signals 

A 2 MHz clock signal (TMHZ) originates in the MCl and synchronizes ACYC 
(Advanced Cycle) on its rising edge. Both TMHZ and ACYC are transmitted 
via the MCl bus to the clock circuit of the BlF. 

The BlF clock circuit delays ACYC half a cycle of TMHZ and generates a 
new signal on the falling edge of THMZ to form CYC (Cycle). The MCl 
card generates its own version of CYC so it can synchronize its 
operation with the function card's operation. The system clock TMHZ, 
ACYC, and CYC are buffered and sent to each function card via the 
function card backplane. 

The reason for the separate clock signals is that the THMZ square w.ve 
is too fast for MCl bus data communications; yet is required by some of 
the function cards. The ACYC and CYC signals are 500 kHz, 25 percent 
duty cycle signals. All control MCl bus signals are valid only on the 
rising edge of THMZ when CYC is high, and all transitions of non-clock 
signals occur on the first rising edge of TMHZ immediately following the 
high CYC. The signal ACYC on the function card backplane is ahead of 
CYC by 45 degrees (250 ns) and is only used to latch input data on some 
cards. 

A pulse detector monitors the TMHZ line on the BlF and connects a 25 
kHz, square wave to the function card backplane TMHZ line whenever the 
2-MHz square wave of TMHZ is missing. This circuit also drives the CYC 
line continuously true. 
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Table 3-1. MCI Bus and Function Card Backplane Signals 

SYMBOL DESCRIPTION 

NOTE: MCI bus signal unless otherwise noted. 

ACYC Advanced Cycle: Generated by rWI card on rising edge of 
TMHZ, generates CYC and latches input data on some cards. 

ADS- Address Strobe: Used by BIF to decode the multiplexed 
address and data on data bus D1 through D1 6. At start of 
MCI bus cycle, ADS is true for 2 usec when address is 
on bus. No function card is enabled at that time. 

COM Common Line (not a signal): Provides common signal path 
for card s • 

CYC Cycle of TMHZ (function card backplane): A 500 KHz, 
25% duty cycle signal going to function cards. Selects 
cycle of TMHZ to use for timing. 

D1- thru Data Bus: 16 bidirectional Data Lines. 
D16-

DATS- Data Strobe: Tells function cards when the MCI is ready 
to send or receive data (used in conjunction with RESP 
from function cards) • 

DPWR Driver Power:. Backup +12 Vdc to disable backplane drivers 
when power is lost. Minimizes the effect of power off. 

EN1- Enable (Function card backplane): Selects function card 
thru to be active during current backplane operation. EN is 
ENS- true during a read or a write from end of appropriate 

address strobe until beginning of next address strobe. 
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Table 3-1. Measurement and Control Backplane Signals (Continued) 

SYMBOL DESCRIPTION 

NOTE: MCI bus signal unless otherwise noted. 

ENA- Enable All: Simultaneously selects certain types of 
function cards to be active during a backplane operation. 
Used only for global write commands (no data returned). 

FIN- Function Interrupt: Set high by BIF on interrupt from one 
of its function cards. MCI card sees FIN, then identifies 
which card interrupted by reading BIF interrupt registers 
( low S bits = slot address, upper bits = unmask). One or 
more bits are true corresponding to interrupting cards 
(Bit 1 = card 1 , Bit 2 = card 2, up to Bit S = card S) • 

FINT1- Function Interrupt (function card MCI bUs): FINT 
thru goes true when the card wants service. FINT goes false 

FINTS- after the card interrupt status is read by MCI card. There 
is one FINT line from each function card to the BIF. 

IEX- Immediate Execute Enable: Measurement strobe, synchronized 
to CYC, is examined by currently enabled card. Allows 
interrupting routine to issue a measurement strobe to a 
single card. 

RA1- Register Address Bus from BIF to function cards: When ADS 
thru is true, BIF latches eight low order bits of MCI bus 
RAS data bus onto register address bus, holding this address 

until next ADS. 

RIM Read Immediate: Driven true by MCI to read a function 
card register without changing previous address latched 
into the card. Cards must respond immediately to an 
operation accompanied by RIM. 

RESP Response: Driven true by function card when ready for 
data transfer to or from MCI card. 

SWT- Second Word Transfer: Set true by MCI card coincident with 
second DATS when a second word is to be transferred to or 
from same register address. (DATS and RESP set time of 
actual transfer.) 
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Table 3-1 MCI Bus and Function Card Backplane Signals (Continued) 

SYMBOL DESCRIPTION 

NOTE: MCI bus signal unless otherwise noted. 

SYN- System Normalize: Returns all function cards to their 
"power on" state (initialized condition). 

TMHZ Two Megahertz Clock: The frequency of the main system 
clock is 2 MHz for timing of function card state machines. 

TST- Test: Set by the MCI during "power on self test to stop 
BIF from enabling any function card. 

WRT- Write; Identifies "write" cycle on MCI bus for external 
and function card circuits when true. A "read" cycle is 
when WRT is false. WRT is also true during Address strobe 
on both write and read operations. 

XCUT- Execute: An internal measurement strobe, synchronized to 
CYC, which is looked at by all function cards (all 
function card measurements are initiated by XCUT or lEX) • 

These substitute signals are not intended to allow normal MCU operation 
but are to provide clock-signal edges for re~etting.logic circuits on 
the function cards so they will restart in known conditions. For 
example, the backplane interface circuit on each function card has a 
synchronous reset input which must have a positive-going clock edge 
while CYC is true in order to reset properly. Switchover from the 25 
kHz signal to a 2 MHz signal occ~rs only when both signals are low. 

A pair of LED indicators on eachBIF shows various conditions. One LED 
is green and indicates that the BlF has power and clock signals and is 
connected to the MCI bus and the 25 kHz supply bus. The other LED is 
red and indicates abnormal operation which is most likely one of the 
following conditions: 
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a. 25-kHz power is not connected to the BIF but the control cable is 
connected and the MCI power is on. 

b. The "daisy chain" of the control cable is broken somewhere between 
the BIF and the MCI, but 25-kHz power is connected to the BIF. 

c. +12V supply on the BIF is not operating correctly. 
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d. Clock circuits on the BIF are not operating correctly. 

e. Clock circuits on the Mel are not operating correctly. 

f. Power cable connected but control cable is not. 

If both indicators are off, then either the system power is off, or both 
the power cable and the 50-line control cable to the BIF are 
disconnected at some point in the chain. 

3.3.2 Initialization Signal 

A circuit on the BIF called "Power-on/System Normalize" issues a pulse 
labeled SYN when the power comes on. SYN is also generated by Mel bus 
signal MSYN from the MCI card. SYN sets several circuits on the BIF and 
function cards to their initial state and loads all zeros (Os) into some 
registers. 

3.3.3 Write Operation Signals 

In the write operation, a signal handshake is used to assure orderly 
transmission of data from the Mel card to a function card. A write 
operation is usually employed for measurement control or output control 
commands. The write signals and handshake exchange between MCI card and 
function card, and sign?l timing are shown in figure 3-3. 

The following is a description of the "write" operation when the Mel 
card has data for a function card: A write operation starts when the ADS 
(address strobe) line goes true and the WRT (write line) goes true, or 
stays true if the preceding cycle was a write. ADS stays true for 2 
microseconds. At the same time a 7-bit function card address is placed 
on the upper eight bits of data bus (Dl-D16). The BIFs decode the 
address and one BIF selects one enable output (EN1-EN8). The lower 
eight bits of Dl-D16 contain an input/output register address which is 
latched onto the function card bus lines RA1-RA8. 
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At the time when ADS goes false, the ElF enables the selected function 
card by driving the previously selected (one-of-eight) function-card bus 
enable line (EN1-EN8) with a true signal. With EN true during the next 
active clock qualifier (CYC), the function card accepts register address 
RA1-RA8, if the function card is finished with the previo~s register 
address. 

An exception to this is when the MCI card issues Mel bus signal ENA for 
global writes. Every function card which can accept a global write 
cycle responds as if it were enabled by its own unique EN signal. 

Also when ADS drops, the MCI card usually starts a handshake by raising 
DATS (data strobe) while it places data on the D1-D16 data bus. (In 
some special cases, there is a short delay between ADS and DATS.) After 
two CYCs, and if the addressed function card is ready to be written to, 
the card's write/read control circuit generates RESP (Response) on the 
Mel bus which tells the MCI card that the function card is accepting the 
data (handshake reply). The actual acceptance of the data occurs on the 
rising edge of TMHZ during the true Cye signal preceding the end of RESP 
and DATS by one full cycle of TMHZ. 

The EN signal remains true during DATS and RESP and remains true until 
the next read or write operation (beginning of next address). The next 
cycle begins when ADS goes true again. If a second word is to be 
written, a line called SWT (Second Word Transfer) goes true and the WRT 
line remains true. 

3.3.4 Read Operation Signals 

The read handshake and timing is very much like the write operation 
described above except that the function card is the source of data. It 
is used where the function card has measurement or status data to send 
to the Mel card. The read signals and handshake between MCI card and 
function card, and timing signals are shown in figure 3-4. 

The read operation covers the time between the start of one ADS signal 
and the next ADS. When the ADS line goes true, the function card 
address is placed on data lines D1-D16. To write the address on the 
card the WRT line goes true (or stays true if the preceding cycle was a 
write). The ElF decodes the address and selects one of the eight enable 
lines (EN1-EN8). 

The input/output card register address for the data being written is 
contained in the lower eight bits of D1-D16, which is latched onto the 
function card Mel bus lines RA1-RA8. 
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The MCI card sets WRT false and DATS true, indicating it is ready to 
accept data (handshake starts), and the BIF enables the function card by 
raising the previously selected enable line (EN1-EN8) on the function 
car d III C r bus. 

The RESP signal of the function card goes true at the same time data 
lines D1 - D16 are available, telling the MCI card that data is ready to 
be read (handshake ends). The MCr card accepts the data during this 
time on the rising edge of TMHZ while CYC, RESP, and DATS are true. 
Then RESP and DATS go false. The operation ends with its enable line 
going false and the MCr bus is ready for another address. The WRT 
signal will change to true at the beginning of ADS. 

3.3.5 Measurement Strobes 

All measurement input and output commands must have a measurement strobe 
to complete execution. (Miscellaneous commands to configure the card, 
to read status, etc., do not use a measurement strobe.) There are two 
measurement strobe lines on the MCr bus, IEX (Immediate Execute) and 
XCUT (Execute). lEX is used to cause command execution at the time of 
data transfer, and XCUT is used to cause command execution sometime 
after the data handshake. 

The IEX signal is accepted only by the currently enabled card; 
therefore, the interrupting routine can use a card without knowing the 
state of other cards. The lEX signal is normally "true" when a card is 
enabled, and any measurement command at that time will be carried to 
execution right away. If IEX is "false," any command at that time will 
set up the card for completion when the XCUT strobe occurs. If lEX has 
been commanded to be "false," it will turn to "true" again automatically 
at the end of the task, or sooner if specifically turned on by a 
command. 

The MCI sends XCUT as a strobe signal which is accepted by all function 
cards whether they are enabled or not. Any card which was set up by a 
measurement command while IEX was false (measurement strobe off) will 
delay execution of that command until receipt of XCUT or a later command 
with IEX. Upon receiving XCUT, the card will immediately complete the 
command •. For output commands, all the set up outputs change when XCUT 
is received. 

For input commands, the data transferred at the time of the first 
command with IEX false will not be the desired data. The desired input 
data will be input at the time of XCUT which must be followed by a 
normal read command. 
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Both lEX and XCUT are synchronized to CYC. On the function cards, both 
lEX and XCUT generate an internal card signal to be used in conjunction 
with the card's strobe circuits for pacing and reading data. 

3.4 BACKPLANE INTERFACE (BIF) 

The Backplane Interface (BIF) card is the interface between the MCl bus 
and the function card backplane which distributes the MCl bus signals to 
eight function cards in the MCU. A BlF must be installed in the first 
slot of every MCU. The backplane interface card is shown in figure 3-5. 

3.4.1 Function Card Addressing 

The desired function card is selected by MCU and slot number using seven 
bits of the 15-address bits. (Four bits select one out of eight MCUs, 
three bits select one out of eight card slots.) The remaining eight bits 
are the register address bits, RA1 through RA8, which select individual 
inputs and outputs on the function cards. 

The 4-bit MCU address is entered on a 16-position rotary switch having a 
.4-bit binary output representing the address of the MCU. 

3.4.2 Theory of Operation 

A block diagram of the BIF circuitry is shown in figure 3-6. It 
contains data buffers, control buffers, interrupt register, address 
latches, address decoding circuits, and power supply. 

Both the data words and 15-bit function card addresses are transmitted 
over the same data bus on the MCr bus. Data and addresses are separated 
by demultiplexing on the BlF, and the current address is stored in the 
15-bit address latch. 
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2250-30H 

Figure 3-5. Backplane Interface Card 
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Measurement and Control Unit 

The address from the data bus appears on one side of the BIF address 
comparator, and the BIF address appears on the opposite side of the 
comparator. When the addresses match, the BIF address decoder is 
enabled. Three of the 15-bits in the address latch contain the slot 
address transmitted on the MCI bus. If that particular BIF is enabled 
as described above, these bits are decoded to one-of-eight enable lines 
(EN1 through ENS). The enable signal will "wake up" the addressed 
function card so it will communicate with the MCI card through the MCI 
bus as explained above under Write Operation Signals and Read Cycle 
Signals. 

The 16-line data bus to the function cards is isolated from the MCI bus 
by bidirectional tri-state (true/false or open) buffers. The lines on 
the measurement and control MCI bus (toward the MCI) are designated MD1 
through MD16. The lines on the function card bus (toward the function 
cards) are designated D1 through D16. 

The address format of the MCI bus and function card MCI bus lines is 
illustrated below: 

ADDRESS FORMAT 

NOT 1 OF 12S SLOTS IN SYSTEM 1 of 256 POSSIBLE REGISTERS 

USED 1 OF 16 MCUs 1 OF S SLOTS ON FUNCTION CARDS 
oA/t. if /?; fI~P 

BITS 1 6 1 5 1 4 1 3 1 2 1 1 1 0 9 S 7 6 5 4 3 2 1 

3.4.3 Interrupts 

t There are eight interrupt lines, one from each function card slot, 
designated FINT1 through FINTS. The bits on these lines are ANDed with 
the bits of the interrupt unmask register to allow only the unmasked 
interrupts to be stored in the interrupt register. The interrupt unmask 
allows only certain slots to be enabled so they can interrupt the system 
for service. Unmasking is set up through programming an "unmask" data 
word, usually at initialization of system operation. 

One or more unmasked function card interrupts (function card bus signals 
FINT1-FINTS) will generate the MCI bus signal FIN (Function Interrupt) 
to the MCI card. The system recognizes FIN and, when ready to identify 
the source of the interrupt, reads, one at a time, the interrupt 
register on each BIF in the system. It does this with a read cycle 
(same as any data read) addressed to register 256, which is the last 
register on the last page of any slot in the MCU of interest. 
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When a BIF detects register address 256 it disables all function cards 
in the MCU and responds to the read operation by placing the contents of 
the 8-bit interrupt register on the lower eight bits of the data bus 
(MD1-MD8), and the contents of the 8-bit interrupt unmask register on 
the upper eight bits of the data bus (MD9-MD16). It also drives the 
MRESP line. The interrupt register and unmask register informat~on is 
encoded one bit per slot; that is, MD3 is true if slot 3 is 
interrupting, MD16 is true if slot 8 is unmasked. 

Once an interrupt reaches the MCI card, it may be cleared only by 
reading the interrupt register on the interrupting function card. The 
MCI card reads the interrupt register on each BIF in the system to 
identify the interrupting slot or slots. The MCI card then reads the 
interrupt register on the interrupting card. Reading the interrupt 
register on the function card clears the register and clears the 
interrupt. 

3.4.4 BIF Power Supply 

The power supply on the BIF is energized from 17 Vrms, 25 kHz which 
comes from a small transformer on the card. The transformer is powered 
from the 27 Vrms, 25 kHz lines originating in the HP 12035A power 
supply. The 25 kHz power connects to the BIF on J12, and through it to 
downstream BIFs on J13 (or the opposite order of J13 and J12). A 
full-wave rectifier circuit followed by a filter is used in the BIF 
supply, providing a dc input to an IC regulator giving an output of 
+ 1 2V. 

A line designated MDPWR on the MCI bus carrys 12 Vdc, continuously. If 
the BIF supply fails, the voltage (called DPR on the BIF) maintains 
power on the BIF clock resynchronizer and data bus drivers. MDPWRt 
becomes DPWR in the BIF and connects through P2 to the function card 
backplane to power the function card bus drivers of any cards having a . 
power suppply failure. 

3.5 BACKPLANE WIRING 

The locations of the connectors for the MCI bus and function card MCI 
bus are shown in the BIF block diagram (figure 3-6). The digital, 
analog, and control signal MCI bus and function card MCI bus wiring 
diagram is shown in figure 3-7. A comparison of these two figures 
illustrates the location and wiring of signal distribution between the 
BIF and the function card slots. ' 
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Figure 3-8 shows ih~~ distribution of the individual enable 
(EN1-EN8), and the function card interrupt lines (FINT1-FINT8) 
from the eight function card slots. Table 3-2 lists the MCI bus 
in alphanumerical order for the signals defined in table 3-1. 

3.6 POWER DISTRIBUTION 

lines 
to and 

signals 

The power for the BIF cards is distributed as an ac voltage of 27 Vrms, 
25 kHz from the HP 12035 power supply or from an additional power supply 
if additional MCUs are added to the system. The high frequency allows 
the use of small sized components to provide dc voltage for the card 
circuitry and gives the system higher noise immunity. The 27 Vrms 
enters each BIF on J12 or J13 through a 3-conductor cable, and is "daisy 
chained" to the next BIF through another cable connected to J13 or J12. 
The power cable part numbers are given in figure 3-2 (bus 
configuration). Power distribution is shown in figure 3-9. 

Dc voltages of 15V, 12V, and 5V are required on the function cards. The 
BIF originates ac voltages for distribution on the function card MCI bus 
to the function card rectifier/filter/regulator circuits on the cards. 
A BIF supply transformer provides the following ac voltages to give the 
de requirements: 21 Vrms center-tapped, 17 Vrms center-tapped, and 9 
Vrms center-tapped at 25 kHz. The 25 kHz voltages connect to the 
function card bus through P1. 

3.7 FUNCTION CARDS 

The remaining sections of this manual (Sections IV through XIV) contain 
information on the function cards and signal conditioning modules 
available with the HP 2250 system. Function cards provide for analog 
and digital user applications. Field wiring provides connections from 
the function cards to the sensors and actuators, such as switches, 
relays, transducers, etc., in the user's application process. 
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Table 3-2. Backplane Signal Distribution 

MC MCI BUS FUNCTION FUNCTION CARD BACKPLANE 
BACKPLANE CONNECTORS CARD CONNECTORS 

SIGNAL IBACKPLANE 
MNEMONICS J10 & J 11 SIGNAL P1 P2 P3 

except as noted MNEMONICS 

MACYC 45 ! ACYC+ 7* 
MACYCR 46 ! CYC+ 9* 
MADS- 42 ! ADS- 27* 
MCOM 3,10,31, COM 

37,44 
MD1- 1 1 D1- 1 1 
MD2- 1 2 D2- 1 2 
MD3- 1 3 D3- 1 3 
MD4- 14 D4- 14 
MD5- 1 5 D5- 1 5 
MD6- 1 6 D6- 1 6 
:r.iD7- 1 7 D7- 17 
MD8- 18 D8- 1 8 
MD9- 19 D9- 1 9 
MD10- 20 D10- 20 
MD11- 21 D 11 - 21 
MD12- 22 D12- 22 
MD13- 23 D13- 23 
MD14- 24 D14- 24 
MD15- 25 D15- 25 
MD16- 26 D16- 26 
MDATS- 41 ! DATS- 25* 
MDPWR 4 ! DP\'IR 45* 
MENA- 6 ! ENA- 29* 

EN1- 50* 
EN2- 48* 
EN3- 46* 
EN4- 44* 
EN5- 42* 
EN6- 40* 
EN7- 38* 
EN8- 36* 
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Table 3-2. Backplane Signal Distribution (Continued) 

MC MCI BUS FUNCTION FUNCTION CARD BACKPLANE 
BACKPLANE CONNECTORS CARD CONNECTORS 

SIGNAL iBACKPLANE 
MNEMONICS J10 & J 1 1 SIGNAL P1 P2 P3 

~xcept as noted MNEMONICS 

MFIN- 30* 
FINT1- 49 ! 
FINT2- 47 ! 
FINT3- 45 ! 
FINT4- 43 ! 
FINT5- 41 ! 
FINT6- 39 ! 
FINT7- 37 ! 
FINT8- 35 ! 
RA1- 31* 
RA2- 32* 
RA3- 33* 
RA4- 34* 
RA5- 35* 
RA6- 36* 
RA7- 37* 
RA8 38* 

MRIM- 38! RIM- 43* 
MRESP- 29* RESP- 21 ! 
MSWT- 40! SWT- 23* 
MSYN- 5 ! SYN- 47* 
MTMHZ 47! TMHZ+ 5* 
MTMHZR 48! 
MWRT- 39! WRT- 41* 
MXCUT- 49! XCUT- 17* 
MTST- 9 ! 
lIHEX- 43! IEX- 13* 

KCOM 3,4,6 
8,10 
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Table 3-2. Backplane Signal Distribution (Continued) 

MC MCI BUS FUNCTION 
BACKPLANE CONNECTORS CARD 

SIGNAL BACKPLANE 
MNEMONICS J10 & J11 SIGNAL 

except as noted MNEMONICS 

25 kHz line J1 2-1, J 1 3-1 
25 kHz Com J12-2, J13-2 
25 kHz SHLD .J12-3, J13-3 SHLD 

9V ph1 
9V ph2 

17V ph1 
17V ph2 
17V C. T. 
21V ph1 
21V ph2 
21V C. T. 
21V C. T. 

NOTES: 

FUNCTION CARD BACKPLANE 
CONNECTORS 

P1 P2 P3 

1 ,2* 
7,8* 
9,10* 
5,6* 

11 ,12* 
13-16* 
17,18* 
23,24* 
19-22* 
25-28* 

1. No footnote sign denotes bidirectional signal. 
2. * Denotes signal source (from BIF). 
3. (!) denotes signal destination (into BIF). 
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3.7.1 Analog Function Cards 

Sections IV through VIII provide a physical description, 
functional description, and calibration instructions 
function cards. 

specifications, 
for the analog 

The analog input and output cards that are available are listed in table 
3-3. In addition to their official names, the cards also are referred 
to by acronyms, that is, the Low-Level Mutiplexer card is referred to as 
the LLMUX and the Relay Multiplexer card is referred to as the RLYMUX, 
etc. The acronyms are parenthesized in table 3-3. 

3.7.1.1 Analog Input Cards 

The analog multiplexer cards provide input channel expansion for the HP 
25501A 16-Channel High-Speed Analog Input (ADC) card. A single ADC card 
can support up to seven multiplexer cards, ther~by providing up to 240 
analog input channels to an HP 2250. 

The multiplexer cards, some with programmable gain amplifiers along with 
the autoranging capability of the ADC card, can measure a wide dynamic 
range of voltages. For instance, inputs as low as 1.56 microvolts and 
as high as 100 volts can be measured by the LLMUX and the RLYMUX, 
respectively. High common-mode capability is also provided by the 
RLYMUX. 

3.7.1.2 Analog Output Cards 

Analog output voltages and currents are provided by the HP 25510A 
4-Channel Voltage/Current Analog Output card. The analog output card 
has electrically isolated outputs of -10.240 volts to +10.235 volts at 
20 mA, maximum. 
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Table 3-3. Analog Function Cards 

INPUT CARDS DESCRIPTION 

HP 25501A 16-Channel High-Speed Analog Input Card 
(ADC) 

HP 25502A 32-Channel High-Level Multiplexer Card 
(HLMUX) 

HP 25503A 32-Channel Low-Level Multiplexer Card 
(LLMUX) 

HP 25504A 16-Channel Relay Multiplexer Card (RLYMUX) 

3.7.1.3 Input Signal Conditioning 

Analog input signal conditioning includes low-pass .filtering, and 
current-loop termination. Low-pass filtering is useful for reducing the 
amplitudes of unwanted frequencies such as 60 or 120 Hertz. 
Current-loop termination resistors change the inputs from current 
sources to voltages that can be processed by the ADC card amplifiers. 

Signal conditioning for the HLMUX and 
Conditioning Modules (SCMs) which are 
plug onto the HLMUX and LLMUX cards. 
ordered separately. 

the LLMUX is provided by Signal 
small printed circuit boards that 
The SCMs are optional and must be 

Information concerning the SCMs is provided in Section XIV of this 
manual. 
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3.7.1.4 HLMUX and LLMUX Signal Conditioning Modules 

A selection guide of SCMs versus analog input function cards is provided 
in table 3-4. The specifications, component diagram, and schematic for 
HP 25540-Series SCMs is provided in table 3-5. Note that the SCMs are 
used only by the LLMUX and HLMUX cards. 

3-28 

Table 3-4. Analog Input Card Signal Conditioning Modules 

ANALOG 
CARD 

HP 25501A 

HP 25502A 

HP 25503A 

HP 25504A 

SCM 

None 

A,B,C,D* 

A,B,C,D* 

None 

DESCRIPTION 

ADC Card (signal conditioning resistors and 
capacitors can be added to the card). 

HLMUX Card 

LLMUX Card 

RLYMUX Card 

* A,B,C and D are the SCM suffixes relating to the SCM 
NUMBER listed below. 

SCM CHANNELS 
NUMBER PER SCM DESCRIPTION 

25540A 8 Blank (User supplies components). 

25540B 8 Passive Filter Network Capacitors. 

25540C 8 Current-Loop Resistors 

25540D 8 Current-Loop Resistors and Filter Capacitors 
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Table 3-5. SCM Data 

Specifications 

Current-loop termination 
Resistance: 

Temperature coefficient: 

Filter pole frequencies, 
Minimum: 

250 ohms +/- 0.025% 

10 ppm per degree 
Centigrade. 

52 Hz and 7.5 Hz 

Component Location Diagram 

22S0-114H 

HP 25540-Series Schematic Diagram 

::,----- -

CHANNEL 
INPUT 

(~---- -

J2 

This circuit repeats eight times per SCM. The I 
dashed lines are part of the multiplexer card circ&.Jts. , 

J3 

OUTPUT TO 
MULTIPLEXER 

CIRCUIT 

-----:) 
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3.7.1.5 Power Supply Circuits 

Each analog card has its own power supply circuit which rectify and 
regulate a 25 kHz sine-wave voltage from the BIF into +12 Vdc for use by 
the analog card. Also received from the BIF is a +12 Vdc signal which 
is used by the analog cards to keep their backplane drivers disabled in 
the event that their own +12 Vdc power supplies fail. 

3.7.1.6 Register Addressing 

All input and output channels, channel gains, and certain system 
functions on the analog cards have associated addressable read/write 
registers which, when written to or read from, perform a particular 
operation. For instance, if the Card ID register of an analog card is 
programed to be read, the Card ID Register will return a two digit code 
(the last two digits of the card model number) indicating the type of 
card occupying the addressed slot. A write to an Output Channel 
Register on the Analog Output Card will cause the card to output an 
analog voltage/current from the associated output channel. 

There are 256 registers defined for the digital and analog cards, of 
which only a few have meaning for the analog cards as indicated in table 
3-6. Registers 254 and 255 are used by the firmware and are not shown 
in the table. Also, the status and interrupt registers are not shown, 
as they are not used by the analog cards. If read, all four of these 
registers should return zeros. 

Each address shown in the table is dedicated to a particular register. 
For example, the Gain Register Addresses 193 through 208 for the HP 
25501A card relate to the card's 16 input channels, 1 through 16, 
respectively. In operation, writing to address 193 will store the gain 
value to be used by channel 1, and writing to address 194 will store the 
gain value to be used by channel 2, etc. 
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Table 3-6. Analog Card Addressable Registers 

Read Registers 

Analog Gain Data Zero Card ID Card 
Cards Register Register Register Register Configuration 

Register 

Address Address Address Address Address 

HP 25501A 193-208 1 -1 6 129-144 253 249 
HP 25502A 193-224 1 -32 129-160 253 249 
HP 25503A 193-224 1 -32 129-160 253 249 
HP 25504A 193-208 1 -1 6 129-144 253 249 
HP 25510A 253 249 

Write Registers 

Gain Output Channels 1-4 Card 
Register Registers Configuration 

Register 

Address Address Address 

HP 25501A 193-208 249 
HP 25502A 193-224 249 
HP 25503A 193-224 249 
HP 25504A 193-208 249 
HP 25510A 65 through 68 
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This same relationship of addresses versus channel numbers applies to 
the Data Registers. Reading the Data Registers will cause a data 
transfer to the processor unit. However, the Data Registers are 
double-word registers containing the analog-to-digital-converter (ADC) 
output of the HP 25501A card in the first word and the system gain in 
the second word. 

Zero Register Addresses 129 through 160 (channels 1-32) provide a zero 
input to the card when read. The Zero Registers are also double-word 
registers and contain the same information as described above for the 
Data Registers. The operation of the Zero Registers is described in 
this section in the paragraph "Zero Registers." 

The HP 25510A 4-Channel Voltage/Current Analog Output card, addresses 65 
through 68, respectively control its four output registers, channels 1 
through 4. When one of these addresses is written to, the selected 
channel outputs the programmed analog value. 

The Card ID and Card Configuration Registers are standard system 
registers. When the Card ID Register Address 253 is read, the card ID, 
which is a hard-wired code on the card, is sent to the processor unit. 
The code from the Card ID Register contains the last two digits of the 
card model number. For example, the code is 01 for the HP 25501A and 02 
for the HP 25502A. The Card ID Register can also accommodate a code for 
card revisions and options when they occur. Hence, until a revision 
occurs the card will only return the last two digits of the card model 
number. 

For the HP 25502A, HP 25503A, and HP 25504A, the Card Configuration 
Register Address 249, when read, reports the status of the Open Sensor 
Detect Circuit as to whether it is activated or not. Open Sensor 
Detection is explained in the paragraph, "Open Sensor Detection", below. 
When written to, the Card Configuration Register either activates or 
deactivates the Open Sensor Detect circuit unless the same state is 
requested. That is, if the Open Sensor Detect is already activated and 
is then programmed to be activated again, no change will occur. The 
same is true for the deactivated state. 

The Card Configuration Register, Address 249, for the HP 25510A Analog 
Output Card can only be read. It contains information for each channel 
as to whether the channel is set for a unipolar/bipolar voltage output 
or for a current output. 

The Card Configuration Register, Address 249, for the HP 25501A card, 
contains the "Global Autoranging" bit. When Global Autoranging is 
programmed, the Least Significant Bit (LSB) of the Card Configuration 
Register is set to a "one". When a Zero Register is read, the "high" 
LSB causes auto ranging to occur which overrides the programmed gain of 
the ADC card's Programmable Gain Amplifier. 
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3.7.1.7 Open Sensor Detect 

The HP 25502, 25503, and 25504 cards each contain an Open Sensor Detect 
circuit. This circuit can detect an open circuit in one of the input 
channels. It is turned on or off by setting or clearing bit 7 of the 
card configuration register (register 249). When the Open Sensor Detect 
is on, the card puts out a small current (1 to 6 microamperes) to check 
for an open circuit. If the circuit is open (an input line is broken or 
unplugged), the current feeding into the high resistance will drive the 
voltage to the overrange state and give a positive full-scale voltage 
reading. This will happen on any gain range of 1 or greater. The Open 
Sensor Detect circuit does not work for gains of less than 1. 

An overrange condition produces the same results as an open circuit. 
That is, if an overrange input voltage is applied, a full-scale reading 
occurs. To determine whether an overrange condition or an open circuit 
is causing the full-scale reading, turn off Open Sensor Detect and take 
another reading. If the input circuit is open, the voltage reading will 
drop to a low noise level; if the circuit is closed and an overrange 
voltage is present, the reading will remain at full scale. 

Another condition that can cause a full-scale reading is a high 
resistance in the input circuit. When the detection current is applied 
to such a resistance, the voltage induced in the circuit can give a 
full-scale reading, especially in the higher gain ranges. You can 
distinguish this situation from an open circuit by reducing the gain and 
taking a reading: if the circuit is closed, the voltage reading will be 
less than full scale in the lower gain ranges; if it is open, the reading 
will remain at full scale in all gain ranges of 1 or greater. 

If the voltage induced by the detection current contaminates your reading 
excessively, you can turn on the Open Sensor Detect circuit to check for 
an open circuit, and then turn it off to make the actual reading. 

When you use open sensor detection, you must allow time for the detection 
current to charge up any capacitance in the input of the channel you are 
testing. To do this, turn on Open Sensor Detect, take a reading, wait 
for the capacitance to charge up, and then take another reading; the 
second reading will be valid. Note that the two readings must be taken 
in the same command sequence. That sequence would have the general form: 

CPACE (delay) WPACE BLOCK AI (slot,channel,2) 

where "delay" is the time interval between the two readings. In most 
cases, one second of delay will yield good results; it may need to be 
greater, however, if the capacitance in the input circuit is very high. 

3.7.1.8 Zero Registers 

The offset voltages of the multiplexer cards and the HP 25510A card may 
be checked by reading their ZERO registers. Addressing a ZERO register 
connects a short across the input of the card's Amplifier. The resulting 
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offset voltage is processed by the HP 25501A ADC card in the same manner 
as for a normal analog input voltage as described in the individual 
function card sections. 

The HLMUX and LLMUX cards each have 32 Zero Registers, one for each of 
their 32 input channels. The ADC and RLYMUX cards have sixteen Zero 
Registers. Even though there is a Zero Register for each channel, only 
one need be read to obtain the offset voltage for each gain range. When 
the Zero Register of a multiplexer card is read its offset voltage is 
sent to the input of the ADC card. As an offset voltage from a 
multiplexer card is processed by the ADC card it is cumulatively added to 
that developed by the ADC card. The combined offset voltage is then sent 
to the processor unit as the total analog system offset voltage. 
According to the programmed command, the offset voltage may be used to 
give corrected analog voltage readings or non-corrected readings. For 
improved accuracy involving analog voltage readings to be corrected, the 
offset value should be read for each range to be used. 

3.7.2 Digital Function Cards 

Sections IX through XII cover HP 2250 digital function cards and provide 
physical descriptions, specifications, and functional descriptions for 
each card. 

The digital input and output capability of the HP 2250 is provided by the 
digital function cards. The digital input and output cards that are 
available with the HP 2250 are listed in table 3-7. 

3.7.2.1 Digital Input Cards 

Digital inputs are provided by the HP 25511A 32-Point Digital Input and 
the HP 25516A 16-Point Multifunction cards. 

The input 
the same 
counting 
25511A). 

functions of the HP 25511A and HP 25516A cards are basically 
except that the multifunction card (HP 25516A) includes event 

which is not available in the 32-point digital input card (HP 

The inputs of the cards are divided into 16-point fields, and each field 
has an external strobe input. The external strobe is optionally used to 
synchronize the desired input data, and to delay the time between card 
setup and data input so the points of several cards can be input 
simultaneously. 

The inputs offer different characteristics through the use of signal 
conditioning modules (SCMs) which you select and attach to the cards 
during installation. SCMs for the input-point fields accomodat four 
points each, and they may be mixed on a card to take care of a variety of 
applications with one card. 
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3.7.2.2 Digital Output Cards 

Binary solid-state digital outputs are provided by the HP 25513A 
32-Point Digital Output card and the HP 25516A 16-Point Multifunction 
card. Relay switching outputs are provided by the HP 25514A 16-Point 
Relay Output card. 

The outputs are divided into 16-bit fields on the 32-point digital 
output (HP 25513A), 16-point digital multifunction (HP 25516A) and 
16-point relay output (HP 25514A) cards. The digital output and relay 
output cards have an external strobe input to synchronize changes in 
output states, and to coordinate the setup of more than one card. 

Table 3-7. HP 2250 Digital Function Cards 

PRODUCT DESCRIPTION 

25511A 32-Point Digital Input 

25513A 32-Point Digital Output 

25514A 16-Point Relay Output 

2551 6A 16-Point Digital Multifunction 
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3.7.2.3 Digital Function Card Signal Conditioning 

Signal conditioning modules are used with all digital function cards. 
They are inserted in series with the I/O circuits and the r/o connectors 
to which the field wiring attaches. 

Digital SCMs provide 
input signal range, 
arc suppression SCMs 
or dc selection. 

various options on isolation of the field wiring, 
and ac or dc signals. For the relay output card, 
provide options for various voltage ranges and ac 

Table 3-8 contains a digital SCM selection guide. 

3.7.2.4 Digital Function Card Register Addressing 

All input and output points, point sense conditions, event counting, and 
certain system functions on digital function cards have associated 
addressable 16-bit read/write registers. The registers when written to 
or read from, perform a particular operation according to the program 
request. 

The registers defined for the digital cards are listed in table 3-9. 

Each address shown in the table is dedicated to a particular register. 
For example, the Point Register Addresses 1 through 32 for the HP 25511A 
relate to the input points 1 through 32. In operation, reading from 
address 1 will return the state (value) of the input bf Point 1. 
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Table 3-8. Digital SCM Selection Guide 

PRODUCT REFERENCE 

FUNCTION CROSS REFERENCE DESCRIPTION 
CARD SCM NU~1BER 

25511A 1 & 2* , 3 & 4 32-Point Digital Input. 

25513A 1 & 2* , 5,6,7 

25514A 1 & 2* , 8 16-Channel Relay Output. 

25516A 1 & 2* , 3,4,5 32-Point Multifunction 
6,7 

* Single Channel SCM for External Strobe Input 

SCM CROSS REFERENCE GUIDE 

SCM NO. PRODUCT NO. POINTS DESCRIPTION 

1 25531-Series 1 Non-Isolated Digital Input. 
25531B 5 VDC Range. 
25531C 1 2 VDC Range. 
25531D 24 VDC Range. 
25531E 48 VDC Range. 
25531K 5 VDC Range,Sink Inputs. 
255311 1 2 VDC Range, Sink Inputs. 
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SCM NO. 

2 

3 

4 

5 

6 

7 
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Table 3-8. Digital SCM Selection Guide (Continued) 

SCM CROSS REFERENCE GUIDE 

PRODUCT NO. POINTS 

25533~Series 1 
25533B 
25533C 
25533D 
25533E 
25533F 
25533G 
25533H 
25533J 

25535-Series 4 
25535B 
25535C 
25535D 
25535E 
25535K 
255351 

25537-Series 
25537P 
25537Q 
25537R 
25537S 
25537T 
25537U 
25537V 
25537W 

25543N 

25544-Series 
25544A 
25544B 
25544C 

25545P 

4 

4 

4 

2 

DESCRIPTION 

Isolated Digital Input. 
5 VDC Range. 

12 VDC Range. 
24 VDC (16 VAC) Range. 
48 VDC Range. 
72 VDC Range. 
120 VDC ( 72VAC) Range. 
115 VAC Range. 
230 VAC Range. 

Non-Isolated Digital Input. 
5 VDC Range. 

12 VDC Range. 
24 VDC Range. 
48 VDC Range. 
5 VDC Range, Sink Inputs. 
12 VDC Range, Sink Inputs. 

Isolated Digital Input. 
5 VDC Range. 
12 VDC Range. 
24 VDC (16VAC) Range. 
48 VDC Range. 
78 VDC Range. 
120 VDC (72VAC) Range. 
115 VAC Range. 
230 VAC Range. 

Isolated Digital Output, 
VMOS Solid-State Circuit. 

Non-Isolated Digital Output 
Open Dra"in C i rc ui t • 
5 VDC Range. 
12 VDC Range. 

Solid-State Relay Output 
(Reduces usable points by 2). 
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Table 3-8. Digital SCM Selection Guide (Continued) 

SCM SELECTION GUIDE 

SCM NO. PRODUCT NO. POINTS DESCRIPTION 

8 25539-Series 4 Arc Suppression Circuits. 
25539A For user addep. components. 
25539E 0 to 30 VDC Range. 
25539G 24 VAC Range. 
25539H 1 1 5 VAC Range. 
25539J 230 VAC Range. 
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Table 3-9. Digital Cards Addressable Registers 

FUNCTION REGISTER 
CARD (DECIMAL) 

25511A 1-16 
25516A 

25511 A 17-32 

25513A 65-80 
25514A 
25516A 

25513A 81-96 

25516A 129-144 

25516A 145-160 

25511A 161 
25516A 

25511A 162 

25513A 177 
25514A 
25516A 

25513A 178 

25511 A 209 
25516A 

25511A 225 
2551 6A 

25511A 210 

25511A 211 
25516A 
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DATA 

Input Points 1-16 (Field 1 Current State) where 
Point 1=Reg. 1 (Bit O),pt. 2=Reg. 2 (Bit O),etc. 

Input Points 17-32 (Field 2 Current State) 
where Point 17= Reg. 17 (Bit O),Point 18= 
Reg. 18 (Bit 0), etc. 

Output Points 1-16 (Field 1 Current State) 
where Point 1=Reg. 65, Point 2= Reg. 66, etc. 

Output Points 17-32 (Field 2 Current state) 
where Point 17=Reg. 81, Point 18= Reg. 82, etc. 

Event Counter (16 Registers for 16 Input Points 
where Counter 1=Reg. 129, Cntr. 2=Reg. 130,etc. 

Counter Preset (Preset No. for Event Counters) 
where Preset 1=Reg. 145, Preset 2=Reg. 146,etc. 

Input Field 1 of Points 1-16.* 

Input Field 2 of Points 17-32.* 

Output Field 1 of Points 1-16* 

Output Field 2 of Points 17-32* 

Field 1 Sense (Direction of Change for Event).* 

Unmask of Field 1.* 

Field 2 Sense (Direction of Change for Event).* 

Override Field 1 (Allows both Directions of 
Change for Events.* 
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Table 3-9. Digital Cards Addressable Registers (Continued) 

FUNCTION REGISTER 
CARD (DECIMAL) 

25511A 226 

2551lA 212 

25516A 193 

25511A 241 
25516A 

25511A 242 

ALL 249 

ALL 251 

ALL 253 

DATA 

Unmask of Field 2.* 

Override Field 2 (Allows both Directions of 
Change for Events.* 

Counter Rollover. 

Interrupt of Field 1 (Record of Event 
Interrupts). Resets on Read.* 

Interrupt of Field 2 (Record of Event 
Interrupts). Resets on Read.* 

Card Configuration. Bit 0 =Field 1 Ext Strobe 
Mode, Bit 1= Field 2 Ext Strobe Mode. (Ext. 
Strobe required when set.) Bit 8=Field 1 Strobe 
Polarity,Bit 9=Field 2 Strobe polarity. 
(Latches on rising edge when set.) 

Card Status. Busy:Bit 15 (Card Busy When Set 
and Will Not Accept Commands). 
Strobe Wait:Bit 0 Field 1, Bit 1 Field 2 
(Card Waiting for Strobe When Set). 

Card Identification: Decimal 11=HP 25511A. 
Decimal 13=HP 255l3A. 
Decimal l4=HP 25514A. 
Decimal 16=HP 25516A. 

*Cards with a maximum of 16 points have one field (Field 1). Field 
register bits correspond to Points of Field, as follows: 

For Field 1, Bit 0 = Point 1 
Bit 1 = Point 2, etc. 

For Field 2, Bit 0 = Point 17 
Bit 1 = Point 18, etc. 
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The functions of the registers are defined in table 3-9 and explained 
further in the functional descriptions of the individual cards (Sections 
VI through XII of this manual). Operation of the Card Status Register 
(Register 251) is further described below to point out differences in 
applying an External Strobe for digital input and digital output cards 
(providing that the corresponding External Strobe bit in the 
Configuration Re~ister is set). 

Bits 0 and 1 of Register 251 are "Strobe Wait Bits," where Bit 0 is for 
Field 1 and Bit 1 is for Field 2. When the bit associated with a field is 
set (true) the card will wait for further operation on that field with 
the following meanings: 

a. Output data has not been strobed to the second-rank output drivers; 
i.e. the most recent programmed change has not appeared at the 
output pins. An External Strobe will move data to the output pins 
and clear the bit. 

b. Input data has not been latched since the last time there was a 
"read" from the card's Input Point Register. An External Strobe will 
latch new data and clear the bit. 

3.7.3 FUNCTION CARD CABLING 

In the next several paragraphs we will discuss the cables that connect 
the function cards to the field wiring. Figure 3-10 shows a typical 
cable and field wiring assembly. 

One end of each function card cable has a connector that attaches to the 
function card; the other end of the cable attaches to the field wiring, 
as explained below. 

Connectors on the function card end of the cable may be: 

1) Digital function card connectors. These connectors are used for 
all digital function cards. 

2) Analog function card connectors. 
analog function cards except 
(RLYMUX) card. 

These connectors are used for all 
the HP 25504 Relay Multiplexer 

3) RLYMUX card connectors. These connectors are used only for the 
HP 25504 RLYMUX card. (These special connectors are used because 
of the high common mode voltages -- up to 350 volts or more -- that 
may be connected to the RLYMUX card.) 

Connectors on the field wiring end of the cable provide for attachment to 
your sensors and actuators. They may be: 

1) Screw terminations. 
screw terminations 
using a screwdriver. 
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52A-0629 

Figure 3-10. Cabling and Field Wiring Assembly 

2) Unterminated cables. 
your own connectors. 

Cables with no terminations allow you use 

3) Thermocouple Reference Connector (TRC). The TRC 
connection of thermocouple wiring and provides 
reference junction for thermocouple measurements. 
described in Section XIII of this manual. The TRC is 
only the HP 25503 Low Level Multiplexer (LLMUX) 
HP 25504 RLYMUX card. 

allows direct 
an accurate 

The TRC is 
for use with 
card or the 

Table 3-10 shows the combinations of cables and connectors that are 
available. 
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Table 3-10. Function card cables 

Connectors 
Product 
Number Card Field wiring 

25550A digital screw terminations 
255508 digital unterminated 

25551A analog* screw terminations 
255518 ana1og* unterminated 

25551C RLYMUX screw terminations 
25551D RLYMUX unterminated 

25594A LLMUX thermocouple reference 
255948 RLYMUX thermocouple reference 

* except HP 25504 RLYMUX card 

The descriptions of the function cards in Sections IV through XII of this 
manual give the pin assignments of the connectors on the function cards. 
Figure 3-11 shows the numbering of the connector modules and pins. 
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3-45 





Section IV 
HP 25501A 16-Channel High-Speed Analog Input 

4.1 INTRODUCTION 

This section provides information for the HP 25501A 16-Channel 
High-Speed Analog Input card. Included are a functional description, 
specifications, and calibration instructions. Installation information 
for the card is provided in the HP 2250 Measurement and Control 
Processor Installation and start-Up Manual, part number 02250-90012. 

4.2 DESCRIPTION 
The HP25501A, shown in figure 4-1, provides the basic analog input 
capability for the HP 2250 Measurement and Control Processor system. 
Its combination of high speed (50 kHz) analog-to-digital converter, 
sample and hold amplifier, and programmable gain amplifier (gains of 1, 
2, 4, 8, or autorange) provides the ability to process a wide variety of 
analog input signals. The card also features 14-bit resolution, 
overvoltage protection, automatic zeroing, and provision for 
user-installed input signal conditioning. 

The HP 25501A card has 16 addressable input channels which can be 
expanded up to a maximum of 496 input channels by the installation of up 
to 15 HP 25502A 32-Channel High-Level Multiplexer cards and/or HP 25503A 
32-Channel Low-Level Multiplexer cards. 
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2250-74H 

Figure 4-1. HP 25501A 16-Channel High-Speed Analog Input Card 
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4.3 SPECIFICATIONS 
Specifications for the ADC card are provided in table 4-1. 

4.4 INPUT SIGNAL CONDITIONING 
Plated-through holes are provided on the card for the installation of 
user-supplied input filter capacitors and current-loop termination 
resistors. There are 32 plated-through holes for capacitors and 32 for 
resistors allowing one capacitor and one resistor to be connected across 
each differential input channel. 

Resistors with a value of 250 ohms +/- 0.02 percent should be used for 
current-loop termination. The capacitor values to be selected will vary 
depending on the desired cut-off frequency needed for the low-pass 
filter. The following information will help in selecting the desired 
capacitor values. 

Each input circuit of the card has two fixed resistors giving an 
effective resistance of 2400 ohms for use in the filter circuit. The 
2400 ohm value, along with the desired frequency, should be used in the 
following formula to calculate the appropriate capacitor value. The 
value computed will set the low-pass filter to the 3-db point with a 
6-db-per-octave rolloff at the designated frequency. 

C = l/{2*pi*R*F) 

where 

C is the value of the capacitor to be determined, in farads 
R is the 2400-ohm resistance value 
F is the frequency, in hertz 
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Table 4-1. HP 25501A Specifications 

FEATURES 

14-bit resolution 

50,000 samples/second 

16 differential input channels 

Programmable gain amplifier 

Autoranging at the full 50,000 samples/second 

Auto zero 

Input protection on all 16 differential input channels 

Accurate to within 0.08% over a to 65 degrees C 

APPLICATIONS 

Conversion of analog signals from transducers, transmitters, 
temperature sensors, etc., to digital form, with high speed 
and high resolution. 

PROGRAMMING INFORMATION 

AI command: Return voltage from specified channel in millivolts 

AIR command: Return voltage in HP 1000 real format 

AID command: Return voltage in double integer format 

AIC command: Return data from channel in raw card format 

GAIN command: Set gain (range) on a specified channel 

RGAIN command: Read gain (range) on a specified channel 

AON command: Autorange on 

AOFF command: Autorange off 

CLB command: Perform an auto-zero cycle 

RANGE command: Set analog range 
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Table 4-1. HP 25501A Specifications (Continued) 

ELECTRICAL CHARACTERISTICS 

INPUT RANGES AND RESOLUTIONS 

Input Channel Input Channel PGA 
Span Range Resolution Gain 

20V +/- 10V 1.25mV 1 

10V +/- 5V 625uV 2 

5V +/- 2.5V 312uV 4 

2.5V +/- 1 .2 5V 156uV 8 

MAXIMUM INPUT VOLTAGES FOR RATED ACCURACY 

Maximum differential voltage + maximum common node voltage 
must be less than or equal to +/- 10 volts 

I 

~ 
I 

v""" :0 : 
I 
I V 

~ct 
I 

v eM 
I 

: 25501 A 

= 

Example: On the +/- 2.5 volt range, the maximum 
differential input allowed is +/- 2.5V, 
therefore: 

V = 10 - 2.5 = 7.5 volts 
CM 

SOURCE IMPEDANCE AND IMBALANCE; RETURN IMPEDANCE 

Maximum source impedance for rated accuracy: 1K ohm 

Maximum source imbalance for rated accuracy: 1K ohm 

Maximum return impedance for rated accuracy: 10K ohm 
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Table 4-1. HP 25501A Specifications (Continued) 

INPUT IMPEDANCE 

Power On: )= 10 megohm shunted by <= 80 pF 

Power Off: 1K ohm +/- 10% to ground 
2K ohm +/- 20% to any other signal input line 

INPUT OVERLOAD PROTECTION 

No damage will occur below the following levels: 

Power On Steady State: Up to +/- 25 volts on any ONE input 
signal line to ground, or to any other 
ONE signal input line. 

Derate by 1 volt for each additional overloaded 
signal input line. 

Example: What is the maximum simultaneous 
allowable overload on 4 input 
channels? 

There are 2 input lines per channel, 
therefore, 

Max overload voltage per line 

25 - (4 x 2 x H = 17 volts 

Transient: +/- 50 volts on anyone input signal line 
to ground or to any other one signal 
input line, for a maximum of 10 seconds. 

Power Off Steady State: Up to +/- 15 volts on any ONE input 
signal line to ground, or to any other 
ONE input signal line. 

Up to +/- 12.5 volts on all input signal lines 
simultaneously. 
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Table 4-1. HP 25501A Specifications (Continued) 

COMMON MODE REJECTION AND CROSSTALK 

Common Mode Rejection: 

Source Imbalance Frequency Common uV of Error Referred 
Mode to Input Per 1 Volt of 
Rejection Common Mode 

0 ohm DC to 1 kHz 86 50 
DC to 5 kHz 76 1 58 
DC to 10kHz 70 316 

1 K ohm DC to 50 Hz 80 100 
DC to 100 Hz 74 200 
DC to 500 Hz 60 1000 
DC to 5 Hz 54 2 mV 

AC Crosstalk: 

Frequency db mV of error referred to input 
per 1 volt of signal on adjacent 
channel 

DC to 2.5 kHz 96 1 6 
5 kHz 90 32 
10 kHz 84 64 
25 kHz 72 250 

Overload Crosstalk: 

Readings on channels adjacent to overloaded channel will meet AC 
crosstalk specification for overload voltages within the input 
overload specification. 

Overload Recovery Time: 

Readings within rated accuracy within 1 msec after removal 
of maximum overload, or after changing channels from 
overloaded to non-overloaded channel. 
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Table 4-1. HP 25501A Specifications (Continued) 

ACCURACY 

Static Accuracy: 

(DC frequency inputs), without auto-zero cycle, at 25 degrees C 

Input Channel 
Range Accuracy Referred To Input (+/- 1 /2 LSB) 

% of Full Scale 
Referred to Input Volts Referred to Input 

+/- 10 +/- 0.04 +/- 4 mV 

+/- 5 +/- 0.04 +/- 2 mV 

+/- 2.5 +/- 0.05 , +/- 1 .25 mV 

+/- 1 .25 +/- 0.06 +/- 750 uV 

AC Accuracy: 

Bandwidth: 

Full-Power Bandwidth 

Input Channel Range Bandwidth 

+/- 1 0 10 kHz 
+/- 5 10 kHz 
+/- 2.5 10 kHz 
+/- 1 .25 1 0 kHz 
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Table 4-1. HP 25501A Specifications (Continued) 

Small Signal Bandwidth 
----------------------
Input Channel Range Bandwidth 

0.1% Flatness 1 % Flatness -3db 

+/- 10 10 kHz 45 kHz 300 kHz 
+/- 5 10 kHz 45 kHz 300 kHz 
+/- 2.5 1 0 kHz 30 kHz 200 kHz 
+/- 1. 25 10 kHz 20 kHz 1 25 kHz 

NOISE 

Effective uV RMS uV Peak-to-Peak 
Input Channel Range Referred to Input Referred to Input 

+/- 10 625 mV 3.75 mV 
+/- 5 312 mV 1 .25 mV 
+/- 2.5 156 mV 625 uV 
+/- 1 .25 78 uV 469 uV 

SAMPLE AND HOLD 

Aperture Time: < 50 nsec 

SETTLING TIME 

Output data within 2 LSBs of final value within one conversion 
time (20 usec) for any in-range combination of full-scale inputs 
and range changes. 

Example: Channel 1 at +10 volts to channel 2 at -10 volts, or 

Channel 6 at +10 volts on +/- 10 volt range to 
channel 1 1 at -1 .25 volts on +/- 1 .25 volt range 

PACING CAPABILITY 

To 50 kHz maximum, channel to channel or across channels, random 
or sequential sequencing. 

Slower rates software selectable. 

4-9 



HP 25501A 

Table 4-1. HP 25501A Specifications (Continued) 

AUTORANGING CAPABILITY 

(Can be selected on a card or per-channel basis) 

Autoranged Gain 

2 
4 
8 

Effective Input Range (+/- 2%) 

+/- 10V 
+/- 4V 
+/- 2V 
+ / - 1 V 

Autoranging Time: No additional conversion time required for 
autoranging. Does not affect throughput. 

PHYSICAL CHARACTERISTICS 

Width: 28.91 cm (11 .38 in. ) 

Depth: 34.8 cm ( 1 3. 5 in. ) 

Height: 3.49 cm (1 .38 in. ) 

Weight: 680 grams (1.5 lbs) 

If current-loop termination is desired, 
user-supplied components can be made using 
provided on the card. 

installation of 
the plated-through 

the 
holes 

The bottom two rows of holes are for connecting the current-loop 
resistors. The upper two rows are for connecting the low-pass filter 
capacitors. After the components are selected, install them by 
inserting their leads into the plated-through holes for the desired 
channels and solder them into place. All soldering and lead dressing 
should be performed by qualified personnel abiding by standard 
manufacturing soldering techniques and safety rules. 
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4.5 FUNCTIONAL DESCRIPTION 

Figure 4-2 is a functional block diagram of the ADC showing the 
input/output buses and the major functions of the ADC card. 

The primary purpose of the ADC card 
voltage, convert its value to a 14-bit 
along with the system gain to the HP 
Interface (MCI) card. 

is to sample an analog input 
digital word, and transfer it 

12071A Measurement and Control 

Up to 16 channels can be connected directly to the input connectors on 
the ADC card. Each input channel has an associated DATA register. An 
input channel is selected by addressing its associated DATA register. 

The differential analog input voltage from the selected channel passes 
through a Multiplexer circuit and drives a Differential-to-Single-Ended 
Converter. The output of the Single-Ended Converter is applied to the 
input of a Programmable Gain Amplifier (PGA). 

Each differential input channel on the ADC card has an associated GAIN 
register. At any time, you may program a GAIN register to change or 
read its contents. Each of these GAIN registers can be programmed to 
one of the following gain selections: 1, 2, 4, 8, or autoranging. When 
a reading is requested from a specific channel, the contents of the 
associated GAIN register automatically set the gain of the PGA to the 
programmed value or to autorange. The autoranging operation is 
described later in this section. 

After amplification in the PGA, the analog voltage is sampled by a 
Sample and Hold Amplifier. When a Measurement Strobe occurs, the sample 
is stored. The stored voltage is then converted to a digital word by 
the ADC circuit. The 14-bit digital output word and the system gain 
value from the ADC card are sent to the MCI card, in response to a read 
from the selected DATA register. 

4.5.1 Autoranging 

In the auto range mode, the ADC card compares the value of the input 
voltage to an internal reference voltage, and then selects the highest 
gain it can use without overloading the ADC. At power turn on, the HP 
2250 system sets the ADC card PGA to a gain of 1. The auto range mode is 
useful for measuring voltages of unknown amplitudes or for voltages of 
wide dynamic range. 
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Figure 4-2. HP 25501A Functional Block Diagram 
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The nominal range switching point is at 80 percent of full scale. There 
is a slight hysteresis around the switching point, therefore multiple 
readings on a channel with an input value very close to the switching 
point will not repeatedly switch back and forth between ranges. The 80 
percent switching point effectively reduces the resolution from a percent 
of maximum reading to 80 percent of that for a programmed gain mode. 

4.6 REGISTER ASSIGNMENTS 
Register assignments for the ADC card are shown in table 4-2. 

The analog input cards 
assignments. The raw 
format. The register 
channels per card. 

(ADC and multiplexers) all have the same register 
data returned from the card is in double word 

assignments allow for future expansion up to 48 

To read the zero-reference voltage on a channel, read from the 
appropriate register on pages 9-11. Programming the gain for a channel 
is done by writing to the registers on pages 13-15. 

The meaning of the configuration word of the analog input cards varies 
from card to card. For the ADC card, the following meanings apply: 

Bit Meaning 

1 1 - Autorange all channels 
o - Use programed autorange bits 

A read of the card status register always will return O. 
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TABLE 4-2. ANALOG INPUT REGISTER ASSIGNMENTS 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1st 2nd 1st 2nd 1st 2nd 
1 DATAl GAIN1 DATA17 GAIN17 DATA33 GAIN33 
2 DATA2 GAIN2 DATA18 GAIN18 DATA34 GAIN34 
3 DATA3 GAIN3 DATA19 GAIN19 DATA35 GAIN35 
4 DATA4 GAIN4 DATA20 GAIN20 DATA36 GAIN36 
5 DATA5 GAIN5 DATA21 GAIN21 DATA37 GAIN37 
6 DATA6 GAIN6 DATA22 GAIN22 DATA38 GAIN38 
7 DATA7 GAIN7 DATA23 GAIN23 DATA39 GAIN39 
8 DATA8 GAIN8 DATA24 GAIN24 DATA40 GAIN40 

9 DATA9 GAIN9 DATA25 GAIN25 DATA41 GAIN41 
10 DATAl 0 GAIN10 DATA26 GAIN26 DATA42 GAIN42 
11 DATA11 GAIN11 DATA27 GAIN27 DATA43 GAIN43 
12 DATA12 GAIN12 DATA28 GAIN28 DATA44 GAIN44 
13 DATA13 GAIN13 DATA29 GAIN29 DATA45 GAIN45 
14 DATA14 GAIN14 DATA30 GAIN30 DATA46 GAIN46 
15 DATA15 GAIN15 DATA31 GAIN31 DATA47 GAIN47 
16 DATA16 GAIN16 DATA32 GAIN32 DATA48 GAIN48 

PAGE 5 PAGE 6 PAGE 7 PAGE 8 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
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TABLE 4-2. ANALOG INPUT CARD REGISTER ASSIGNMENTS, CONTINUED 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 9 PAGE 10 PAGE 11 PAGE 12 

1 ZER01 GAIN1 ZER017 GAIN17 ZER033 GAIN33 
2 ZER02 GAIN2 ZER018 GAIN18 ZER034 GAIN34 
3 ZER03 GAIN3 ZER019 GAIN19 ZER035 GAIN35 
4 ZER04 GAIN4 ZER020 GAIN20 ZER036 GAIN36 
5 ZER05 GAIN5 ZER021 GAIN21 ZER037 GAIN37 
6 ZER06 GAIN6 ZER022 GAIN22 ZER038 GAIN38 
7 ZER07 GAIN7 ZER023 GAIN23 ZER039 GAIN39 
8 ZER08 GAIN8 ZER024 GAIN24 ZER040 GAIN40 

9 ZER09 GAIN9 ZER025 GAIN25 ZER041 GAIN41 
10 ZER010 GAIN10 ZER026 GAIN26 ZER042 GAIN42 
11 ZER011 GAIN11 ZER027 GAIN27 ZER043 GAIN43 
12 ZER012 GAIN12 ZER028 GAIN28 ZER044 GAIN44 
13 ZER013 GAIN13 ZER029 GAIN29 ZER045 GAIN45 
14 ZER014 GAIN14 ZER030 GAIN30 ZER046 GAIN46 
15 ZER015 GAIN15 ZER031 GAIN31 ZER047 GAIN47 
16 ZER016 GAIN16 ZER032 GAIN32 ZER048 GAIN48 

PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 GAIN1 GAIN17 GAIN33 
2 GAIN2 GAIN18 GAIN34 
3 GAIN3 GAIN19 GAIN35 
4 GAIN4 GAIN20 GAIN36 
5 GAIN5 GAIN21 GAIN37 
6 GAIN6 GAIN22 GAIN38 
7 GAIN7 GAIN23 GAIN39 
8 GAIN8 GAIN24 GAIN40 

9 GAIN9 GAIN25 GAIN41 CARD CONFIG 
10 GAIN10 GAIN26 GAIN42 0 
11 GAIN11 GAIN27 GAIN43 CARD STATUS 
12 GAIN12 GAIN28 GAIN44 0 
13 GAIN13 GAIN29 GAIN45 CARD ID REG 
14 GAIN14 GAIN30 GAIN46 0 
15 GAIN15 GAIN31 GAIN47 0 
16 GAIN16 GAIN32 GAIN48 BIF 
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4.7 PIN ASSIGNMENTS AND CABLING 
Table 4-3 shows the signals that are routed to the card connector pins on 
the edge of the card. The connector numbering scheme is shown in figure 
3-11, at the end of Section III of this manual. 

Table 4-3. HP 2550lA I/O Connector Module Pin Assignments 

CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTION 

AlJl 1,2 IO Resistor A2Jl 1,2 IO Resistor 
AlJl 3 Ground A2Jl 3 Ground 
AlJ2 1,2,3 Channel 1 A2J2 1,2,3 Channel 9 
AlJ3 1,2,3 Channel 2 A2J3 1,2,3 Channel 10 
A1J4 1,2,3 Channel 3 A2J4 1,2,3 Channel 11 
A1J5 1,2,3 Channel 4 A2J5 1,2,3 Channel 12 
A1J6 1,2,3 Channel 5 A2J6 1,2,3 Channel 13 
A1J7 1,2,3 Channel 6 A2J7 1,2,3 Channel 14 
AlJ8 1,2,3 Channel 7 A2J8 1,2,3 Channel 15 
AlJ9 1,2,3 Channel 8 A2J9 1,2,3 Channel 16 

Note that Pins 1, 2, and 3 of J2 through J9 in each connector 
have the following connections: Pin 1 (+ Input), Pin 2 (- Input), 
and Pin 3 (Ground) • 

The connection between the AOC card and the field wiring is made with one 
of two cables: 

HP 2555lA (analog card cable with screw terminations) 

HP 2555lB (analog card cable, unterminated) 
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4.8 CALIBRATION PROCEDURE 

If the ADC card is not operating according to its specifications, 
calibration may be required. After calibration, the overall operation of 
the ADC card can be verified by performing the verification tests 
described in the HP 2250 Diagnostics and Verification Manual, part no. 
25595-90001. Specific instructions for calibrating the ADC card are 
contained in the following paragraphs. 

4.8.1 EQUIPMENT REQUIRED 

The following is a list of equipment required for calibration: 

EQUIPMENT 

HP 3455A Digital Voltmeter 

HP 3310A Function Generator 

HP 180A Oscilloscope, with 
HP 1806A Low-Frequency 
Differential Plug-In 

Accurate DC voltage source. 
Electronic Development Corp. 
Model 501J, or equivalent 

Ex tend er Card 

USE 

Reference voltages, zero, 
and gain adjustments. 

Common Mode Rejection 
adjustment. 

Common Mode Rejection 
adjustment, and Sample 
to Hold pedestal 
adjustment. 

PGA Gain adjustment, and 
ADC calibration 

Provides access to the 
HP 25501A 
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4.8.2 PRELIMINARY PROCEDURES 

a. Turn the HP 2250 system power OFF. 

CAUTION 

The AOC card contains static-sensitive components. Be 
sure to use appropriate anti-static procedures when you 
handle the card. (The pages on "Safety Considerations" 
at the beginning of this manual describe the anti-static 
procedures that you should follow.) Failure to follow 
these procedures may result in damage to the card. 

b. Using the appropriate anti-static procedures, remove the HP 
HP 25501 card from its slot and insert the extender card in its 
place. Then insert the HP 25501A card into the extender card. 

c. Turn on power to the HP 2250 system and ensure that it passes 
self-test. 

d. At the controller you are using (HP 1000, HP 9826, etc.), call the 
HP 2250 exerciser program (MCX, for example) and issue the command: 

IO(1,n)! 

where "n" is 
system. The 
2250 system 
returned from 

the number of function card slots in your HP 2250 
10 codes of the function cards installed in the HP 

should be returned, and the 10 code of 1 should be 
the slot that the HP 25501A is in. 

e. From the exerciser program, issue the following command: 

AI( adc slot, 1) ! 

f. Two items should be returned: 

1. A condition code of 0, indicating that the command executed 
correctly. 

2. The data from the conversion on channel 1, which should 
should be any integer between -32768 and + 32767. Because no 
data was put into the card, you can't expect to know what the 
the data should be. All that is being determined with the 
command is whether the card will perform a conversion. 

g. If step f. was successful (an integer between -32768 and +32767 was 
returned), the calibration can be started. 
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4.8.3 COMMON MODE REJECTION ADJUSTMENT 

Perform the following steps: 

a. From the exerciser program, issue the command: 

AI (adc slot,l)! 

b. Set the output of the 33l0A function generator to the following: 

Frequency: 100 Hz 

Function: Sine wave 

Amplitude: 10 volts peak (20 volts peak-to-peak) 

DC offset: Zero 

c. Connect the function generator to the input of the HP 2550lA as 
shown below: 

~----I HIGH CH 1 25501A 

3310A ~-----I LOW CH 1 

'--------1 GND CH 1 

52k0635 

d. Connect the + input of the HP 1806A CH A plug to the D/SE TEST 
POINT on the HP 25501A. 

e. Connect the - input of the HP 1806A CH B plug to the PGA GND TEST 
POINT on the HP 2550lA. 

f. Connect the ground clips of both probes to the PGA GND TEST POINT 
on the HP 25501A. 

g. Set the scope vertical sensitivity to 5V/div, the time base to 
5msec/div, the trigger mode to internal, AC, and + slope. 
(Experiment to get a clear picture.) 

h. Verify that there is a 20 volt peak-to-peak sine wave coming out of 
the D/SE amplifier (the test point that the + probe is connected 
to. 
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i. If there is a 20 v p-p sine wave at this point, then you are ready 
to perform the Common Mode Rejection adjustment. If the 20 v p-p 
sine wave is not present, the HP 2550lA card is defective. 

j. Connect the output of the 33l0A to the input of the HP 25550lA as 
shown below: 

~------1 HIGH CH 1 25501A 

3310A '-.------j LOW CH 1 

'--------j G NO CH 1 

52A-Q636 

k. Increase the sensitivity of the scope to approximately 5mV/div. 
You should see a sine wave with an amplitude of from 1 mV p-p to 10 
mV p-p. 

1. Adj~st Rl03 on the HP 2550lA for a mInImum output as viewed on the 
scope. (Anything below 1 mV p-p is acceptable, as this corresponds 
to > 80 db of common mode rejection.) Use the BANDWIDTH LIMIT 
switch on the scope, if necessary to eliminate noise on the 
display. 

m. If the output cannot be adjusted for < 1 mV p-p, the HP 25501A card 
is defective. 

4.8.4 SAMPLE-TO-HOLD DYNAMIC OFFSET ADJUSTMENT 

Perform the following: 

a. Disconnect the 33l0A function generator from the HP 25501A. 

b. Short the high and low inputs on the HP 2550lA to its ground as 
shown below: 

~-----1 HIGH CH 1 25501A 

.--------1 LOW CH 1 

'---------1 GNO CH 1 

52A-0637 
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c. From the exerciser program, issue the following command: 

REP(O);REW(BO);BLOCK READ(adc slot,1,10000);NEXT! 

This command sets up a 
returned. The HP 25501A 
after every 10000 readings. 

high speed AI loop; no data will be 
is taking readings with a short pause 

d • Move the + probe of the scope from 
previous test) to the S/H TEST POINT. 
GND TEST POINT. 

the D/SE TEST POINT (from the 
Leave the - probe on the PGA 

e. Set the scope vertical sensitivity to 20 mV/div, AC coupled, and 
the time base to 5 usec/div. 

f. A square, or similar, wave should appear on the scope. Adjust R66 
(JUMP) on the HP 25501A so that the amplitude of the square wave 
decreases. Increase the scope sensitivity as necessary until it is 
in the 5 mV/div scale. MAKE SURE THAT THE BANDWIDTH LIMIT SWITCH 
IS IN THE 500 kHz POSITION FOR THIS TEST! 

g. You should observe a waveform similar to that shown below: 

(.ample) (.ample) 

52A-0638 

h. Continue to adjust R66 until the line between sample and hold is as 
straight as possible « 1 mV). 

i. The test is now complete. Remove the + and - scope probes and 
ground clips from their respective test points. 

j. Issue the HPIB CLEAR message (CLEAR n on an HP 9826 desktop 
computer, where "n" is the interface number of the HP-IB interface, 
or CL from the MCX exerciser program on the HP 1000). 

4.8.5 AUTORANGING REFERENCE VOLTAGE ADJUSTMENT 

Perform the following: 

a. Connect the digital voltmeter - lead to the PGA GND test point and 
the + lead to the + 10V TEST POINT on the HP 25501A. 
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b. Ensure that the digital voltmeter is in DC volts, autorange. 

c. Adjust R92 (+10 REF) on the HP 25501A until the voltmeter reads 
+10.070 volts, plus or minus 2 mV. 

d. Move the voltmeter + lead to the -IOV TEST POINT. 

e. Adjust R98 (-10 REF) on the HP 25501A until the voltmeter reads 
-10.070 volts, plus or minus 2 mV. 

4.8.6 PGA AND SUMMING AMPLIFIER OFFSET ADJUST 

Perform the following: 

a. Remove any test equipment still connected from the previous test. 

b. Connect the input of the HP 25501A Channel 1 as shown below: 

~---j HIGH CH 1 25501A 

~------1 LOW CH 1 

'--------1 GND CH 1 

52A-0639 

c. From the exerciser program, issue the following command: 

GAIN{adc slot,1)122 DREAD{adcslot,l)! 

Three data items should be returned: 

1. A zero condition condition code. 

2. Any value, which should be ignored. 

3. 122, which is the gain code for a PGA gain of 8. 

d. Connect the + lead of the digital voltmeter to the PGA TEST POINT, 
and the - lead to the PGA GND TEST POINT on the HP 25501A. 

e. The digital voltmeter should read between +/- 100 mV. 

f. Adjust R82 (PGA ZERO) on the HP 25501A until the voltmeter reads 
zero, plus or minus 0.4 mV. 
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g. From the exerciser program, issue the following command: 

GAIN{adc slot,1)98 DREAD(adc slot,l)! 

The first returned data item should be 
item returned, and the third data item 
PGA gain code for unity gain. 

0, ignore the second data 
should be 98, which is the 

h. Connect the + lead of the voltmeter to the ADC TEST POINT, and the 
- lead to the AGND TEST POINT on the HP 25501A. 

i. Set SWI (CALIB) as follows: 

1 CLOSED 

2 CLOSED 

3 CLOSED 

4 OPEN 

j. The digital voltmeter should read between plus and minus 30 mV. 

k. Adjust R37 (INO) on the HP 25501A until the voltmeter reads plus or 
minus 0.2 mV. 

1. Set SWI to OPEN, CLOSED, CLOSED, OPEN. 

4.8.7 PGA GAIN ADJUST 

Perform the following: 

a. Remove any test equipment still connected from the previous test. 

b. Connect the voltage source to the input of the HP 25501A as shown 
below: 

+ OUT 
Ie------j HIGH CH 1 

VOLTAGE _.__-O-=--:U:....cT __ ---1 LOW CH 1 
SOURCE 

'-------I GND CH 1 

52A-0640 

25501A 
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c. Connect the + lead of the voltmeter to the PGA TEST POINT and the -
lead to the PGA GND TEST POINT. 

d. From the exerciser program, issue the following command: 

GAIN(adc slot,1)98 AI(adc slot,l)! 

e. Switch the voltage source between plus and minus 10 volts and 
verify that the digital voltmeter reads plus or minus 10 volts, 
respectively, with a tolerance of +/- 2 mV. 

f. Set the voltage source to +5 volts, and then issue the following 
command: 

GAIN(adc slot,1)106 AI(adc slot,l)! 

This sets the PGA gain to 2. 

g. Adjust R95 (G=2) on the HP 25501A until the voltmeter reads +10 
volts, +/- 0.5 mV. 

h. Set the voltage source to +2.5 volts, and issue the following 
command: 

GAIN(adc slot,1)114 AI(adc slot,l)! 

This sets the PGA gain to 4. 

i. Adjust R90 (G=4) on the HP 25501A until the voltmeter reads +10 
volts, +/- 0.5 mV. 

j. Set the voltage source to +1.25 volts, and issue the following 
command: 

GAIN(adc slot,1)122 AI(adc slot,l)! 

This sets the PGA gain to 8. 

k. Adjust R84 (G=8) on the HP 25501A until the voltmeter reads +10 
volts, +/- 0.5 mV. 

1. Issue the command RES! to complete this test. 
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4.8.8 ADC GAIN ADJUST 

Perform the following: 

a. Remove any test equipment still connected from the previous test. 

b. Issue the following command: 

CPA(0,0,20);WPA;BLOCK AID(adc slot,1,50)! 

This sets the HP 25501A to pace at 20 usec, and requests 50 analog 
double word readings. These readings should be processed as shown 
in the following example program: 

LUTERM=LOGLU(SLU) 
READ(LU2250) CC 
IF(CC .NE. O)CALL ERROR 

READ(LU2250) (V(I) ,1=1,100) 

SUM = 0 
DO 10 I = 1,99,2 

SUM=SUM + (V(I)*0.025) + (V(I+1)*0.000001) 
10 CONTINUE 

AVERGE = SUM/50 

WRITE (LUTERM,20) AVERGE 
20 FORMAT("Average = "F9.5,"vo1ts") 

GOTO XXXX 

!Get terminal LU 
!Read condition code 
!Go to error handler 
if problem 

!Gather the 100 data 
items 

!DO loop to sum the 
50 readings 

!Ca1cu1ate average of 
50 readings 

!Disp1ay average 
!Repeat 

c. Connect the voltage source to the input of the HP 25501A as shown 
below: 

+ OUT 
___ -------1 HIGH CH 1 25501 A 

VOLTAGE _.._--'O=-:U'-'-T----1 LOW CH 1 
SOURCE 

'---------I GND CH 1 

52A-0641 

d. Set the value of the voltage source to 0 volts DC. 

e. Set SW1 (CALIB) to CLOSED, CLOSED, CLOSED, OPEN. 
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f. Start the program running. 
approximately -0.06 volts. 

You should observe a reading of 

g. Be sure power has been applied to the card for at least 5 minutes 
before proceeding. 

h. On the HP 25501A, adjust the potentiometer marked ZERO until the 
display reads 0.00000, +/- 0.000500 volts. (An occasional noise 
jump outside the range may occur, this is normal.) 

i. Set the voltage source to +5 volts. 

j. On the HP 2550lA, adjust the potentiometer marked +5VOLT until the 
display reads +5.00000, +/- 0.000500. 

k. Set SWI on the HP 2550lA to OPEN, CLOSED, CLOSED, OPEN. 

1. Set the voltage source to + 10 volts. 

m. On the HP 2550lA, adjust the potentiometer marked +lOVOLT until the 
display reads +10.00000, +/- 0.000500. 

n. Set the voltage source to -10 volts. 

o. On the HP 25550lA, adjust the potentiometer marked -10VOLT until 
the display reads -10.00000, +/- 0.000500. 

p. Set the voltage source to +10, +5, 0, -5, and -10 and determine 
that the display corresponds with the above voltages plus or minus 
1.25 mV. If not, recalibrate the card from step d. 
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Section V 
HP 25502A 32-Channel High-Level Multiplexer 

5.1 INTRODUCTION 

This section provides information for the HP 25502A 32-Channel 
High-Level Multiplexer (HLMUX) card. Included are specifications and a 
functional description. Installation information for the card is 
provided in the HP 2250 Measurement and Control Processor Installation 
and start-Up Manual, part number 02250-90012. 

5.2 DESCRIPTION 
The HP 25502A, shown in figure 5-1, adds high-level, low common-mode 
voltage input expansion capability to the HP 25501A 16-Channel 
High-Speed Analog Input card. The HLMUX has 32 differential input 
channels with provision for low-pass RC (resistance-capacitance) 
filtering for noise reduction or bandwidth control on each channel. 
High-level inputs can be accepted at a channel-to-channel scan rate of 
50 kHz. 

5.3 SPECIFICATIONS 

Specifications for the HLMUX card are provided in table 5-1. 
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22S0-83H 

Figure 5-1. HP 25502A 32-Channel High-Level Multiplexer 
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Table 5-1. HP 25502A Specifications 

FEATURES 

32 differential input channels 

Auto zero 

Input filtering 

Current loop sense resistors 

Input protection 

Open sensor detection 

APPLICATIONS 

Used for direct interface to high level, low common mode inputs 
without external amplifiers. 

PROGRAMMING INFORMATION 

AI command: 

AIR command: 

AID command: 

Return voltage from specified channel in 
millivolts 

Return voltage in HP 1000 real format 

Return voltage in double integer format 

AIC command: Return data from channel in raw card format 

GAIN command: Set gain (range) on a specified channel 

RGAIN command: Read gain (range) on a specified channel 

CLB command: Perform an auto-zero cycle 

RANGE command: Set analog range 
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Table 5-1. HP 25502A Specifications (Continued) 

ELECTRICAL CHARACTERISTICS 

INPUT RANGES AND RESOLUTIONS: 

Input Channel Input Channel PGA 
Span Range Resolution DM* CM** GAIN 

* 
** 

20 V +/- 10 V 1 .25 

10 V +/- 5 V 625 

5 V +/- 2.5 V 312.5 

2.5 V +/- 1. 25 V 156.25 

DM = differential input voltage 
CM = common mode input voltage 

mV +/- 10 +/-

uV +/- 5 +/-

uV +/- 2.5 +/-

uV +/- 1 .25 +/-

In all cases: 
: CM: + : DM: < 10 V 

MAXIMUM INPUT VOLTAGE FOR RATED ACCURACY 

10 1 

10 2 

10 4 

10 8 

Maximum differential and maximum common mode must be less than 
or equal to +/- 10 volts. 

I 

VOMD I 
I 
I 

v'.~ 
I 255028 
I 
I 

Example: With a common mode voltage of +4 volts, the maX1m1m 
differential voltage that can be measured would be 
+/- 6 volts. 
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Table 5-1. HP 25502A Specifications (Continued) 

SOURCE IMPEDANCE AND IMBALANCE 

Maximum source impedance for rated accuracy: 1 K ohm 

Maximum source imbalance for rated accuracy: 1 K ohm 

Maximum return impedance for rated accuracy: 10 K ohm 

INPUT IMPEDANCE 

Power On: )= 10 M ohm shunted by (= 80 pf 

Power Off: 1 K ohm +/- 10% to ground 

2 K ohm +/- 20% to any other signal input line 

INPUT OVERLOAD PROTECTION 

No damage will occur below the following levels: 

Power On Steady State: Up to +/- 25 volts on any ONE input 
signal line to ground, or to any other 
ONE signal input line. 

Derate by 1.0 volts for each additional 
overloaded signal input line. 

Example: What is the maximum 
simultaneous overload on 4 
input channels? 

There are two input lines per 
channel, therefore, 

Maximum overload voltage per 
line = 25 - (4 x 2 x 1) 

= 17 volts 

Transient: +/- 50 volts on any ONE input signal line to 
ground or to any other ONE input signal line, for 
a maximum of 10 seconds. 
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Table 5-1. HP 25502A Specifications (Continued) 

Power Off Steady State: Up to +/- 15 volts on any ONE input 
signal line to ground or to any other 
ONE input signal line. 

Up to +/- 12 volts on all input signal 
lines simultaneously. 

COMMON MODE REJECTION AND CROSSTALK 

Common Mode Rejection: 

Source 
Imbalance Frequency 

o ohm DC 
DC 
DC 

1 K ohm DC 
DC 
DC 

AC Crosstalk: 

Frequency 

DC to 25 kHz 
5 kHz 

10kHz 
25 kHz 

to 30 kH~ 
to 10 kHz 
to 25 kHz 

to 100 Hz 
to 500 Hz 
to 5 Hz 

Crosstalk 
Rejection 

(db) 

92 
88 
83 
76 

Overload Crosstalk: 

Common Mode uV of Error Referred 
Rejection to Input Per 1 Volt 

(db) of Common Mode 

82 79 
72 251 
62 794 

76 158 
63 707 
42 7.94 uV 

uV of Error Referred to 
Input Per 1 Volt of Signal 

on Adjacent Channel 

25 
39 
70 

150 

Readings on channels adjacent to overload channel will meet 
AC crosstalk specification for overload voltages within the 
input overload specification. 
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Table 5-1. HP 25502A Specifications (Continued) 

Overload Recovery Time: 

Readings within rated accuracy within 1 msec after removal 
of maximum overload, or after changing channels from 
overloaded to non-overloaded channel. 

ACCURACY 

Static Accuracy (DC frequency inputs) without autocalibrate 
cycle at 25 degrees C: 

Accuracy % of Full Scale Volts Referred to Input 

0.01% +/- 1/2 LSB +/- 1 mV +/- 1/2 LSB 

AC Accuracy: 

Full Range: 1 LSB degradation point 860 Hz, 
3 db degradation point 86 kHz 

Small Signal: 1 LSB degradation point 10 kHz, 
3 db degradation point> 500 kHz 

NOISE 

Effective RMS Volts Referred to Input: 1 mV 

Effective RMS Volts Peak-to-Peak Referred to Input: 25 mV 

TEMPERATURE COEFFICIENTS (0 TO 70 DEGREES C) 

Drift % Full Scale Referred to Input/Degrees C: O.0007%/degree C 

Drift uV Referred to Input/Degrees C: 70 uV/degree C 

Gain Drift % Full Scale Referred to 
Input/Degrees C: O.004%/degree C 
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Table 5-1. HP 25502A Specifications (Continued) 

PHYSICAL CHARACTERISTICS 

Width: 28.91 cm (11.38 in.) 

Depth: 34.8 cm (13.54 in.) 

Height: 3.5 cm (1.38 in.) 

Weight: 680 grams (1.5 Ibs) 

5.4 INPUT SIGNAL CONDITIONING 
Low-pass filtering and/or current-loop termination for the HLMUX is 
provided by up to four Signal Conditioning Modules (SCMs). The 
four SCMs, and their descriptions, are listed below: 

SCM NUMBER CHANNELS 

HP 25540A 8 

HP 25540B 8 

HP 25540C 8 

HP 25540D 8 

DESCRIPTION 

Blank (user supplies components) 

Passive filter network capacitors 

Passive filter network current-loop 
resistors 

Passive filter network current-loop 
resistors and filter capacitors 

The specifications, component diagram, and schematic for the SCMs are 
provided in Section III, table 3-5. 

The SeMs, if they are to be used, must be installed on the HLMUX card 
before the card is plugged into the measurement and control unit. SCMs 
may be installed in any or all of four locations (A5, A6, A7, and A8) on 
the card, depending on which input channels are to receive signal 
conditioning. 
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Install the SCM, with its component side up, by aligning its six guide 
holes to the six guide pins on the HLMUX card and pressing the SCM firmly 
into place. The physical orientation of the guide pins prevents improper 
installation of the SCM. The guide pins also serve as spacers to keep 
the SCM elevated from the surface of the card. Refer to the HP 2250 
Installation and Start-up Manual, part number 02250-90012, for further 
information on installing an SCM. 

The installation of an SCM connects the Jl, J2, and J3 sockets on the SCM 
to the Jl, J2, and J3 pins, respectively, on the HLMUX card. 

If a blank SCM (HP 25540A) has been ordered, you must install signal 
conditioning components on the SCM before it is connected to the HLMUX 
card. Resistors with a value of 250 ohms +/- 0.02 percent should be used 
for current-loop termination. The capacitor values to be used will vary 
depending on the desired cut-off frequency needed for the low-pass 
filter. 

The following formula may be used to select the desired capacitor values. 
The value computed will set the low-pass filter to the 3-db point with a 
6-db-per-octave rolloff at the desired frequency. 

C = 1/(2*pi*R*F) 

where 

C is the value of the capacitor to be determined, in farads 
R is 2400 ohms 
F is the desired frequency, in hertz 

5.5 FUNCTIONAL DESCRIPTION 
Figure 5-2 contains a functional block diagram showing the input/output 
buses and the major functions of the HLMUX. 

The HLMUX, upon command from the processor unit (HP 2104), selects an 
analog input voltage, buffers it, and transfers it to the HP 25501A 
16-Channel High-Speed Analog Input (ADC) card. The ADC card converts the 
value of the analog voltage to an equivalent 14-bit digital word and 
transfers it along with the system gain to the HP 25071A Measurement and 
Control Interface (MCI) card. 

Up to 32 input channels can be connected directly to the input connectors 
of the HLMUX. Each input channel has a DATA register associated with it. 
An analog input channel is selected by addressing its associated DATA 
register. 
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Fi9ure 5-2. HP 25502A Functional Block Dia9ram 
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The selected analog input voltage passes through a Multiplexer and Open 
Sensor Detect circuit to the input of a Buffer Amplifier. 

The Open Sensor Detect circuit is used to locate an open circuit or line 
in one of the input channels. When an open (the input lines are actually 
broken or separated from the input) is detected during a read, the 
programmable Gain Amplifier (PGA) circuit on the HLMUX is driven 
positively to full scale. This full-scale voltage is then sent to the HP 
25501A analog input card for processing. 

An overrange condition will produce the same results as an open circuit. 
That is, if an overrange input voltage is applied, a full-scale reading 
will occur. To determine if an overrange condition or an open is causing 
the full-scale reading, lower the voltage to a known value within the 
selected range, and check if the full-scale reading still exists. An 
alternate method would be to program the gain to unity if the overrange 
is occurring on a higher range, and then observe the results. If the 
high reading still exists, there probably is an open in the input 
circuit. 

Another condition that can approach or reach a full-scale reading is that 
caused by a high resistance in the input circuit. 

Each differential input channel also has an associated GAIN register. 
These GAIN registers can be programmed to one of the following gains: 1, 
2, 4, 8, or autorange. The gains are not used by the HLMUX, but are sent 
from the HLMUX to the ADC card to control its Programmable Gain Amplifier 
(PGA) when a read DATA is requested. 

After buffering by the Buffer Amplifier, the analog voltage passes 
through the closed Analog Output Switch and then to the ADC card. 

5.6 REGISTER ASSIGNMENTS 
Register assignments for the HLMUX card are shown in table 5-2. 

The analog input cards 
assignments. The raw 
format. The register 
channels per card. 

(ADC and multiplexers) all have the same register 
data returned from the card is in double word 

assignments allow for future expansion up to 48 

To read the zero-reference voltage on a channel, read from the 
appropriate register on pages 9-11. Programming the gain for a channel 
is done by writing to the registers on pages 13-15. 

A read of the card status register always will return O. 
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TABLE 5-2. ANALOG INPUT REGISTER ASSIGNMENTS 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1st 2nd 1st 2nd 1st 2nd 
1 DATAl GAINI DATA17 GAIN17 DATA33 GAIN33 
2 DATA2 GAIN2 DATA18 GAIN18 DATA34 GAIN34 
3 DATA3 GAIN3 DATA19 GAIN19 DATA35 GAIN35 
4 DATA4 GAIN4 DATA20 GAIN20 DATA36 GAIN36 
5 DATA5 GAIN5 DATA21 GAIN21 DATA37 GAIN37 
6 DATA6 GAIN6 DATA22 GAIN22 DATA38 GAIN38 
7 DATA7 GAIN7 DATA23 GAIN23 DATA39 GAIN39 
8 DATA8 GAIN8 DATA24 GAIN24 DATA40 GAIN40 

9 DATA9 GAIN9 DATA25 GAIN25 DATA41 GAIN41 
10 DATA10 GAINI0 DATA26 GAIN26 DATA42 GAIN42 
11 DATAll GAINll DATA27 GAIN27 DATA43 GAIN43 
12 DATA12 GAIN12 DATA28 GAIN28 DATA44 GAIN44 
13 DATA13 GAIN13 DATA29 GAIN29 DATA45 GAIN45 
14 DATA14 GAIN14 DATA30 GAIN30 DATA46 GAIN46 
15 DATA15 GAIN15 DATA3l GAIN31 DATA47 GAIN47 
16 DATA16 GAIN16 DATA32 GAIN32 DATA48 GAIN48 

PAGE 5 PAGE 6 PAGE 7 PAGE 8 

1 
2 
3 
4 \ 

5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
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TABLE 5-2. ANALOG INPUT CARD REGISTER ASSIGNMENTS, CONTINUED 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 9 PAGE 10 PAGE 11 PAGE 12 

1 ZEROI GAINI ZER017 GAIN17 ZER033 GAIN33 
2 ZER02 GAIN2 ZER018 GAIN18 ZER034 GAIN34 
3 ZER03 GAIN3 ZER019 GAIN19 ZER035 GAIN35 
4 ZER04 GAIN4 ZER020 GAIN20 ZER036 GAIN36 
5 ZEROS GAINS ZER021 GAIN21 ZER037 GAIN37 
6 ZER06 GAIN6 ZER022 GAIN22 ZER038 GAIN38 
7 ZER07 GAIN7 ZER023 GAIN23 ZER039 GAIN39 
8 ZER08 GAIN8 ZER024 GAIN24 ZER040 GAIN40 

9 ZER09 GAIN9 ZER025 GAIN25 ZER041 GAIN41 
10 ZEROI0 GAINI0 ZER026 GAIN26 ZER042 GAIN42 
11 ZEROll GAINll ZER027 GAIN27 ZER043 GAIN43 
12 ZER012 GAIN12 ZER028 GAIN28 ZER044 GAIN44 
13 ZER013 GAIN13 ZER029 GAIN29 ZER045 GAIN45 
14 ZER014 GAIN14 ZER030 GAIN30 ZER046 GAIN46 
15 ZER015 GAIN15 ZER031 GAIN31 ZER047 GAIN47 
16 ZER016 GAIN16 ZER032 GAIN32 ZER048 GAIN48 

PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 GAINI GAIN17 GAIN33 
2 GAIN2 GAIN18 GAIN34 
3 GAIN3 GAIN19 GAIN35 
4 GAIN4 GAIN20 GAIN36 
5 GAINS GAIN21 GAIN37 
6 GAIN6 GAIN22 GAIN38 
7 GAIN7 GAIN23 GAIN39 
8 GAIN8 GAIN24 GAIN40 

9 GAIN9 GAIN25 GAIN41 CARD CONFIG 2-
10 GAINI0 GAIN26 GAIN42 0 
11 GAINll GAIN27 GAIN43 CARD STATUS 
12 GAIN12 GAIN28 GAIN44 0 
13 GAIN13 GAIN29 GAIN45 CARD ID REG 2~ 

14 GAIN14 GAIN30 GAIN46 0 
15 GAIN15 GAIN31 GAIN47 0 
16 GAIN16 GAIN32 GAIN48 alF 
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5.7 PIN ASSIGNMENTS AND CABLING 
Table 5-3 shows the signals that are routed to the card connector pins on 
the edge of the card. The connector numbering scheme is shown in figure 
3~11, at the end of Section III of this manual. 

Table 5-3. HP 25502A I/O Connector Module Pin Assignments 

CONNECTOR 

AIJ1 
AIJI 
AIJI 
AIJ2 
AIJ3 
AIJ4 
AIJ5 
AIJ6 
AIJ7 
AIJ8 
AIJ9 

A2Jl 
A2Jl 
A2Jl 
A2J2 
A2J3 
A2J4 
A2J5 
A2J6 
A2J7 
A2J8 
A2J9 

PINS 

1,2 
3 
4 

1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 

1,2 
3 
4 

1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 

CONNECTION 

ID Resistor 
Ground 

Not used 
Channel 1 
Channel 2 
Channel 3 
Channel 4 
Channel 5 
Channel 6 
Channel 7 
Channel 8 

ID Resistor 
Ground 

Not used 
Channel 9 
Channel 10 
Channel 11 
Channel 12 
Channel 13 
Channel 14 
Channel 15 
Channel 16 

CONNECTOR 

A3Jl 
A3Jl 
A3Jl 
A3J2 
A3J3 
A3J4 
A3J5 
A3J6 
A3J7 
A3J8 
A3J9 

A4Jl 
A4Jl 
A4Jl 
A4J2 
A4J3 
A4J4 
A4J5 
A4J6 
A4J7 
A4J8 
A4J9 

PINS 

1,2 
3 
4 

1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 

1,2 
3 
4 

1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 

CONNECTION 

ID Resistor 
Ground 

Not used 
Channel 17 
Channel 18 
Channel 19 
Channel 20 
Channel 21 
Channel 22 
Channel 23 
Channel 24 

ID Resistor 
Ground 

Not used 
Channel 25 
Channel 26 
Channel 27 
Channel 28 
Channel 29 
Channel 30 
Channel 31 
Channel 32 

Note that Pins 1, 2, and 3, of J2 through J9 in each connector 
have the following connections: Pin 1 (+ input), Pin 2 (- Input), 
and Pin 3 (Ground). 
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The connection between the HLMUX card and the field wiring is made with 
one of two cables: 

HP 2555lA (analog card cable with screw terminations) 

HP 255518 (analog card cable, unterminated) 

5.8 CALIBRATION 
If the HLMUX card is not 
need to calibrate it. 
operation of the card by 
Measurement and Control 
part number 25595-90001. 

operating according to specifications, 
After calibration, you can verify the 
performing the tests described in the 
Processor Diagnostic and Verification 

you may 
overall 
HP 2250 
Manual, 

The following paragraphs contain specific instructions for calibrating 
the HLMUX card. 

5.8.1 EQUIPMENT REQUIRED 

The HLMUX calibration procedure requires the following equipment: 

1) HP 3455A digital voltmeter 

2) A shorting connector (part number 25590-60010), as pictured in 
figure 5-3. 

52A-0631 

Figure 5-3. Shorting connector 

5-15 



HP 25502 

5.8.2 PRELIMINARY PROCEDURE 

1) Remove the field wiring assemblies (FWAs) from the HP 25502A HLMUX 
card. 

2) Turn the HP 2250 system power OFF, then turn it back ON. Make sure 
that the system passes the self-test. 

3) Allow the HLMUX card to reach normal operating temperature. This 
warm-up period usually takes 15 minutes; if, however, the card was 
already at operating temperature before you turned the power off, 
you can go ahead with the calibration as long as the power was not 
off for more than 30 seconds. 

4) From the controller you are using (HP 1000, HP 9826, HP-85, etc.) 
issue the command 

ID{I,n)! 

to the HP 2250, where n is the number of function card slots in 
your HP 2250 system. (If you are using the MCX exerciser program, 
just type in "CARDS".) This will cause the ID codes of the 
function cards in your system to be returned, and an ID code of 2 
should be returned for the slot that contains the HP 25502A HLMUX 
card. 

5) Issue the following command from the controller to the HP 2250: 

AI{slot,l) 

where "slot" is the slot number of the HLMUX ca~d. This will cause 
the HP 2250 to make an analog reading of channel 1 of the HLMUX 
card. Two values should be returned: 

a) A condition code of 0, indicating that the command executed 
correctly. 

b) The datum from the conversion on channell; this should be 
any integer in the range of -32768 to 32767. (Since channel 
1 is not connected to a known voltage, there is no way of 
knowing what the "correct" reading should be. All that you 
are doing here is verifying that the card is able to take a 
reading.) 

6) If step 5 was successful (that is, if an integer between -32768 and 
32767 was returned), you are ready to proceed with the calibration. 

5-16 



HP 25502 

5.8.3 OFFSET VOLTAGE ADJUSTMENT 

There is only one adjustment to be made in calibrating the HP 25502A 
HLMUX card; this is the adjustment of the operational amplifier offset 
voltage. Do the following: 

1) Short the inputs of the first channel of the HLMUX card. This 
involves connecting the HIGH , LOW, and GROUND pins for the 
channel. This is most easily done with the shorting connector 
(part number 25590-60010) shown in figure 5-3. Connect the 
shorting connector to the first block of eight channels on the 
card, just as though you were connecting a field wiring cable. 
(You don't have to use the shorting connector if you don't want to; 
it's just an awful lot easier than trying to fit alligator clips 
into that tiny area.) 

I CAUTION I 

If you try to short the inputs with alligator 
clips, be sure that you don't touch the fourth 
row of pins. Some of these pins carry power 
for the thermocouple reference connectors, and 
an accidental connection between these power 
pins and the other pins could damage the card. 
We recommend that you use the shorting con
nector. 

2) Issue the following command to the HP 2250: 

AI(slot,l) 

where "slot" is the number of the slot that contains the HLMUX 
ca rd. 

3) Set the 
between 
card. 

voltmeter to the lowest voltage range and connect it 
test points HIGH and LOW on the front edge of the HLMUX 

4) Adjust potentiometer R601 until you get a reading of zero on the 
voltmeter. 

5) That's all there is to it. Reconnect the FWAs and you're ready to 
go. 
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Section VI 
UP 25503A 32-Channel Low-Level Multiplexer 

6.1 INTRODUCTION 

This section provides information for the HP 25503A 32-Channel Low-Level 
Multiplexer (LLMUX) card. Included are specifications and a functional 
description. Installation information for the card is provided in the 
HP 2250 Measurement and Control Processor Installation and Start-Up 
Manual, part number 02250-90012. 

6.2 DESCRIPTION 

The LLMUX, shown in figure 6-1, adds low-level, low common-mode voltage 
input expansion capability to the HP 25501A 16-Channel High-Speed Analog 
Input (ADC) card. The LLMUX has 32 differential input channels with 
provision for low-pass RC (resistance-capacitance) filtering for noise 
reduction or bandwidth control on each channel. Low-level inputs, down 
to 1.56 microvolts, can be accepted at a channel-to-channel scan rate of 
20 kHz. 

The LLMUX offers programmable gains of 1, 10, and 100 and is primarily 
used in interfacing to microvolt and millivolt inputs, such as the input 
from thermocouple devices. If external thermocouple measurements are to 
be made, a sensor power supply located on the LLMUX is used to provide 
power to an optionally available HP 25594A Thermocouple Reference 
Connector (TRC). The TRC provides a reference voltage and inputs from 
up to 15 various thermocouple devices and is described in Section XIV of 
this manual. 
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22S0-8SH 

Figure 6-1. HP 25503A 32-Channel Low-Level Multiplexer 
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6.3 SPECIFICATIONS 

Table 6-1 contains specifications for the LLMUX. 

6.4 INPUT SIGNAL CONDITIONING 

Low-pass filtering and/or current-loop termination 
provided by up to four Signal Conditioning Modules 
SCMs, and their descriptions, are listed below: 

for the LLMUX is 
(SCMs). The four 

SCM NUMBER CHANNELS DESCRIPTION 

HP 25540A 

HP 25540B 

HP 25540C 

HP 25540D 

8 

8 

8 

8 

Blank (user supplies components) 

Passive filter network capacitors 

Passive filter network current-loop 
resistors 

Passive filter network current-loop 
resistors and filter capacitors 

The specifications, component diagram, and schematic for the SCMs are 
provided in Section III, table 3-5. 

The SCMs, if they are to be used, must be installed on the LLMUX card 
before the card is installed in the measurement and control unit. 

SCMs may be installed 
A8), depending on 
conditioning. 

in any or all of four locations 
which input channels are to 

(A5, A6, A.7, and 
receive signal 

Install the SCM, with its component side up, by aligning its six guide 
holes to the six guide pins on the LLMUX card and pressing the SCM 
firmly into place. The physical orientation of the guide pins prevents 
improper installation of the SCM. The guide pins also serve as spacers 
to keep the SCM elevated from the surface of the card. Refer to the HP 
2250 Installation and Start-Up Manual, part number 02250-90012, for 
further information on installing an SCM. 

The installation of an SCM connects the J1, J2, and J3 sockets on the 
SCM to the J1, J2, and J3 pins, respectively, on the LLMUX card. 
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Table 6-1. HP 25503A Specifications 

FEATURES 

32 differential input channels 

Programmable gain amplifier 

Auto zero 

Input filtering 

Current loop sense resistors 

Input protection 

Open sensor detection 

APPLICATIONS 

Used for direct interface to low level, low common mode analog 
inputs without external amplifiers. 

PROGRAMMING INFORMATION 

AI command: 

AIR command: 

AID command: 

AIC command: 

GAIN command: 

RGAIN command: 

CLB command: 

RANGE command: 

Return voltage from specified channel in 
millivolts 

Return voltage in HP 1000 real format 

Return voltage in double integer format 

Return data from channel in raw card format 

Set gain (range) on a specified channel 

Read gain (range) on a specified channel 

Perform an auto-zero cycle 

Set analog range 
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Table 6-1. HP 25503A Specifications (Continued) 

ELECTRICAL CHARACTERISTICS 

INPUT RANGES AND RESOLUTION WHEN USED WI'rH HP 25501A 

Input Channel Range Resolution Total PGA 
Span (Full-Scale) (Full-Scale) ( 1 LSB) Gain 

20 V +/- 10 V 1 .25 mV 1 
10 V +/- 5 V 625 uV 2 
5 V +/- 2.5 V 31 2 uV 4 
2.5 V +/- 1 .25 V 156 uV 8 
2 V +/- 1 V 125 uV 1 0 
1 V +/- 500 mV 62.5 uV 20 
500 mV +/- 250 mV 31 .2 uV 40 
250 mV +/- 125 mV 1 5. 6 uV 80 
200 mV +/- 100 mV 1 2.5 uV 100 
100 mV +/- 50 mV 6.25 uV 200 
50 mV +/- 25 mV 3. 1 2 uV 400 
25 mV +/- 1 2.5 mV 1 • 56 uV 800 

MAXIMUM INPUT VOLTAGE FOR RATED ACCURACY 

Maximum differential voltage and maximum common mode voltage 
must be less than or equal to +/- 10 volts 

I 

v~:c) 
I 

I I 
I 

+ I ve" 
I 

- I 

Example: On the +/- 250 mV range, the maximum differential 
input allowed is 250 mY, therefore, 

V (max) = 10 - 250 mV = 9.750 V 
CM 

INPUT IMPEDANCE: 

Power On: 
Power Off: 

>= 10 M ohm shunted by <= 80 pF 
1 K ohm +/- 10% to ground, 2 K ohm +/- 20% to 
any other input signal line 
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Table 6-1. HP 25503A Specifications (Continued) 

SOURCE IMPEDANCE AND IMBALANCE 

Maximum source impedance for rated accuracy: K ohm 

Maximum source imbalance for rated accuracy: K ohm 

Maximum return impedance for rated accuracy: 10 K ohm 

INPUT OVERLOAD PROTECTION 

No damage will occur below the following levels: 

Power On Steady State: Up to +/- 25 volts 
line to ground, or 
signal input line. 
for each additional 
signal line. 

on any ONE input signal 
to any other ONE input 
Derate by 1.0 volts 
overloaded input 

Power On Transient: 

Example: What is the maximum simultaneous 
overload on 4 input channels? 

There are two input lines per 
channel, therefore, 

Maximum overload voltage per 
line 25 - (4 x 2 x 1) 

17 volts 

+/- 50 volts on any ONE input signal line 
to ground, or to any other ONE input signal 
line, for a maximum of 10 seconds. 

Power Off Steady State: Up to +/- 15 volts on any ONE input 
signal line to ground, or to any 
other ONE input signal line. Up to 
+/- 12.5 volts on all input signl 
lines simultaneously. 
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Table 6-1. HP 25503A Specifications (Continued) 

COMMON MODE REJECTION AND CROSSTALK 

Common Mode Rejection: 

Common Mode uV of Error Referred 
Source Rejection to Input per 1 Volt 

Imbalance Frequency (db) of Common Mode 

0 ohm DC to 3 kHz 82 79 
DC to 1 0 kHz 72 251 
DC to 25 kHz 62 794 

1 K ohm DC to 100 Hz 76 158 
DC to 500 Hz 63 707 
DC to 5 kHz 42 7.94 

AC Crosstalk: 

Crosstalk uV of Error Referred to 
Rejection Input Per 1 Volt of 

Frequency (db) Common Mode 

DC to 2.5 kHz 92 25 
5 kHz 88 39 
1 0 kHz 83 70 
25 kHz 76 1 58 

Overload Crosstalk: 

Readings on channels adjacent to overloaded channel will meet 
AC crosstalk specification for overload voltages within the 
input overload specification. 

Overload Recovery Time: 

Readings within rated accuracy within 1 msec after removal of 
maximum overload or after changing channels from overloaded to 
non-overloaded channel. 
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~able 6-1. HP 25503A Specifications (Continued) 

ACCURACY 

static Accuracy (DC frequency inputs) without autocalibrate 
cycle at 25 degrees C: 

Range 

+/ ... 10 V 
+/- 1 V 
+/- 0.1 V 

AC Accuracy 

Accuracy 
% of Full Scale 
(+/- 1/2 LSB) 

0.01% 
0.08% 
0.04% 

Bandwidth Full Range: 

Input Range 

+/- 10 V 
+/- 1 V 
+/- 0.1 V 

LSB Degradation 
Point 

860 Hz 
430 Hz 
320 Hz 

Small Signal: 

Input Range 

+/- 10 V 
+ / - 1 V 
+/- 0.1 V 

NOISE: 

Input Channel 
Range 

+/- 10 V 
+ /- 1 V 
+/- 0.1 V 

LSB Degradation 
:point 

10 kHz 
560 Hz 
320 Hz 

Effective mV RMS 
Referred to Input 

1 mV 
50 uV 
10 uV 

Volts Referred 
to Input 

(+/- 1/2 LSB) 

+/- 1 mV 
+/- 200 uV 
+/- 40 uV 

3 db Degradation 
Point 

86 kHz 
43 kHz 
32 kHz 

3 db Degradation 
Point 

> 500 kHz 
56 kHz 
35 kHz 

uV Peak-to-Peak 
Referred to Input 

2.5 mV 
250 uV 
70 uV 



Table 6-1. HP 25503A Specifications (Continued) 

TEMPERATURE COEFFICIENTS (0 to 70 degrees C): 

Range 

+/- 10 V 
+/- 1 V 
+/- 0.1 V 

Drift % Full Scale 
Referred to Input 

Degrees C 

0.007%/degree C 
0.002%/degree C 
0.02%/degree C 

PHYSICAL CHARACTERISTICS: 

Width: 28.91 cm (11.38 inches) 

Depth: 34.8 cm (13.54 inches) 

Height: 3.5 cm (1.38 in.) 

Weight: 680 grams (1.5 Ibs) 

Gain Drift % Full Scale 
Referred to Input 

Degrees C 

0.004%/degree C 
0.004%/degree C 
0.004%/degree C 

HP 25503 

If a blank SCM (HP 25540A) has been ordered, you must install signal 
conditioning components on the SCM before it is connected to the LLMUX 
card. Resistors with a value of 250 ohms +/- 0.02 percent should be used 
for current-loop termination. The capacitor values to be used will vary 
depending on the desired cut-off frequency needed for the low-pass 
filter. The following formula may be used to select the desired 
capacitor values. The value computed will set the low-pass filter to the 
3-db point with a 6-db-per-octave rolloff at the desired frequency. 

C = 1/(2*pi*R*F) 

where 

C is the value of the capacitor to be determined, in farads 
R is 2400 ohms 
F is the desired frequency, in hertz 
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6.5 FUNCTIONAL DESCRIPTION 
Figure 6-2 is a functional block diagram showing the input/output buses 
and the major functions of the LLMUX. 

The LLMUX, upon command from the processor unit (HP 2104), selects an 
analog input voltage, amplifies it, and transfers it to the ADC card. 
The ADC card converts the value of the analog voltage to an equivalent 
l4-bit digital word and transfers it along with the system gain value to 
the HP l207lA Measurement and Control Interface (MCI) card. 

Up to 32 input channels can be connected directly to the input connectors 
of the LLMUX, with each channel capable of providing an independent 
analog input voltage. Each input channel has a DATA register associated 
with it in the Control and Interface Circuitry. An analog input channel 
is selected by addressing its associated DATA register. 

The selected analog input voltage passes through a Mutiplexer and an Open 
Sensor Detect circuit to the input of a Programmable Gain Amplifier 
(PGA) • 

Each differential input channel has an associated GAIN register. At any 
time, you may program a GAIN register to change or read its contents. 
Each of these GAIN registers can be programmed to one of the following 
gains: 1, 10, or 100. Also, gains of 1, 2, 4, 8, or auto range are 
available in the GAIN registers and are used to control the gain of the 
ADC card PGA. When a reading is requested from a specific channel, the 
contents of the associated GAIN register automatically set the gain of 
the LLMUX and ADC card programmable Gain Amplifiers to the programmed 
value. 

After amplification in the LLMUX PGA, the analog voltage passes through 
the closed Analog Output Switch and then to the ADC card. The gain data 
(1, 2, 4, 8, or autorange) from the GAIN register is also at this time 
sent to the ADC card when a read DATA is requested to set the gain of the 
ADC card PGA. 
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SIGNAL CONDITIONING MODULES 
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Figure 6-2. HP 25503A Functional Block Diagram 
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6.6 REGISTER ASSIGNMENTS 
Register assignments for the LLMUX card are shown in table 6-2. 

The analog input cards 
assignments. The raw 
format. The register 
channels per card. 

(ADC and multiplexers) all have the same register 
data returned from the card is in double word 

assignments allow for future expansion up to 48 

To read the zero-reference voltage on a channel, read from the 
appropriate register on pages 9-11. programming the gain for a channel 
is done by writing to the registers on pages 13-15. 

The meaning of the configuration word of the analog input cards varies 
from card to card. For the LLMUX card, the following meanings applyi 

Bit Meaning 

7 1 - Open sensor detection on 
o - Open sensor detection off 

A read of the card status register always will return O. 
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TABLE 6-2. ANALOG INPUT REGISTER ASSIGNMENTS 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1st 2nd 1st 2nd 1st 2nd 
1 DATAl GAIN1 DATA17 GAIN17 DATA33 GAIN33 
2 DATA2 GAIN2 DATA18 GAIN18 DATA34 GAIN34 
3 DATA3 GAIN3 DATA19 GAIN19 DATA35 GAIN35 
4 DATA4 GAIN4 DATA20 GAIN20 DATA36 GAIN36 
5 DATA5 GAINS DATA21 GAIN21 DATA37 GAIN37 
6 DATA6 GAIN6 DATA22 GAIN22 DATA38 GAIN38 
7 DATA7 GAIN7 DATA23 GAIN23 DATA39 GAIN39 
8 DATA8 GAIN8 DATA24 GAIN24 DATA40 GAIN40 

9 DATA9 GAIN9 DATA25 GAIN25 DATA41 GAIN41 
10 DATA10 GAIN10 DATA26 GAIN26 DATA42 GAIN42 
11 DATA11 GAIN11 DATA27 GAIN27 DATA43 GAIN43 
12 DATA12 GAIN12 DATA28 GAIN28 DATA44 GAIN44 
13 DATA13 GAIN13 DATA29 GAIN29 DATA45 GAIN45 
14 DATA14 GAIN14 DATA30 GAIN30 DATA46 GAIN46 
15 DATA15 GAIN15 DATA31 GAIN31 DATA47 GAIN47 
16 DATA16 GAIN16 DATA32 GAIN32 DATA48 GAIN48 

PAGE 5 PAGE 6 PAGE 7 PAGE 8 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
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TABLE 6-2. ANALOG INPUT CARD REGISTER ASSIGNMENTS, CONTINUED 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 9 PAGE 10 PAGE 11 PAGE 12 

1 ZEROI GAINI ZER017 GAIN17 ZER033 GAIN33 
2 ZER02 GAIN2 ZER018 GAIN18 ZER034 GAIN34 
3 ZER03 GAIN3 ZER019 GAIN19 ZER035 GAIN35 
4 ZER04 GAIN4 ZER020 GAIN20 ZER036 GAIN36 
5 ZER05 GAIN5 ZER021 GAIN21 ZER037 GAIN37 
6 ZER06 GAIN6 ZER022 GAIN22 ZER038 GAIN38 
7 ZER07 GAIN7 ZER023 GAIN23 ZER039 GAIN39 
8 ZER08 GAIN8 ZER024 GAIN24 ZER040 GAIN40 

9 ZER09 GAIN9 ZER025 GAIN25 ZER041 GAIN41 
10 ZEROI0 GAINI0 ZER026 GAIN26 ZER042 GAIN42 
11 ZE.ROll GAINll ZER027 GAIN27 ZER043 GAIN43 
12 Z.EROI2 GAIN12 ZER028 GAIN28 ZER044 GAIN44 
13 ZER013 GAINl.3 ZER029 GAIN29 ZER045 GAIN45 
14 ZER014 GAIN14 ZER030 GAIN30 ZER046 GAIN46 
15 ZER015 GAIN15 ZER031 GAIN31 ZER047 GAIN47 
16 ZER016 GAIN16 ZER032 GAIN32 ZER048 GAIN48 

PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 GAINI GAIN17 GAIN33 
2 GAIN2 GAIN18 GAIN34 
3 GAIN3 GAIN19 GAIN35 
4 GAIN4 GAIN20 GAIN36 
5 GAIN5 GAIN21 GAIN37 
6 GAIN6 GAIN22 GAIN38 
7 GAIN7 GAIN23 GAIN39 
8 GAIN8 GAIN24 GAIN40 

9 GAIN9 GAIN25 GAIN41 CARD CONFIG 
10 GAINI0 GAIN26 GAIN42 0 
11 GAINll GAIN27 GAIN43 CARD STATUS 
12 GAIN12 GAIN28 GAIN44 0 
13 GAIN13 GAIN29 GAIN45 CARD ID REG 
14 GAIN14 GAIN30 GAIN46 0 
15 GAIN15 GAIN31 GAIN47 0 
16 GAIN16 GAIN32 GAIN48 BIF 
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6.7 PIN ASSIGNMENTS AND CABLING 
Table 6-3 shows the signals that are routed to the card connector pins on 
the edge of the card. The connector numbering scheme is shown in figure 
3-11, at the end of Section III of this manual. 

Table 6-3. HP 25503A I/O Connector Module Pin Assignments 

CONNECTOR 

AIJl 
AIJl 
AIJl 

AIJl 

AIJ2 
AIJ3 
AIJ4 
AIJ5 
AIJ6 
AIJ7 
AIJ8 
AIJ9 

A2Jl 
A2Jl 
A2Jl 

A2Jl 

A2J2 
A2J3 
A2J4 
A2J5 
A2J6 
A2J7 
A2J8 
A2J9 

PINS 

1,2 
2 
3 

4 

1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1(2,3 

1,2 
2 
3 

4 

1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 

CONNECTION 

ID Resistor 
Ground 

Thermocouple 
Supply (+) 
Thermocouple 
Supply (-) 

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

ID Resistor 
Ground 

Thermocouple 
Supply (+) 
Thermocouple 
Supply (-) 
Channel 9 
Channel 10 
Channel 11 
Channel 12 
Channel 13 
Channel 14 
Channel 15 
Channel 16 

CONNECTOR 

A3Jl 
A3Jl 
A3Jl 

A3Jl 

A3J2 
A3J3 
A3J4 
A3J5 
A3J6 
A3J7 
A3J8 
A3J9 

A4Jl 
A4Jl 
A4Jl 

A4Jl 

A4J2 
A4J3 
A4J4 
A4J5 
A4J6 
A4J7 
A4J8 
A4J9 

PINS 

1,2 
2 
3 

4 

1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 

1,2 
2 
3 

4 

1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 

CONNECTION 

ID Resistor 
Ground 

Thermocouple 
Supply (+) 
Thermocouple 
Supply (-) 

Channel 17 
Channel 18 
Channel 19 
Channel 20 
Channel 21 
Channel 22 
Channel 23 
Channel 24 

ID Resistor 
Ground 

Thermocouple 
Supply (+) 
Thermocouple 
Supply (-) 
Channel 25 
Channel 26 
Channel 27 
Channel 28 
Channel 29 
Channel 30 
Channel 31 
Channel 32 

Note that pins 1, 2, and 3 of J2 through J9 in each connector 
have the following connections: Pin 1 (+ input), Pin 2 (- Input), 
and Pin 3 (Ground). 
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The connection between the LLMUX card and the field wiring is made with 
one of three cables: 

HP 25551A (analog card cable with screw terminations) 

HP 255518 (analog card cable, unterminated) 

HP 25594A (LLMUX card cable with thermocouple reference connector) 

6.8 CALIBRATION 
If the LLMUX card is not operating according to specifications, you may 
need to calibrate it. After calibration, you can verify the overall 
operation of the card by performing the tests described in the HP 2250 
Measurement and Control Processor Diagnostic and Verification Manual, 
part number 25595-90001. The following paragraphs contain specific 
instructions for calibrating the LLMUX card. 

6.8.1 EQUIPMENT REQUIRED 

You will need the following equipment for calibrating the LLMUX card: 

1) HP 3455A digital voltmeter. 

2) Extender card, part number 25591-60001, as shown in figure 6-3. 

3) Shorting connector, part number 25590-60010, as shown in figure 
6-4. 
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52A-0632 

Figure 6-3. Extender card 

Figure 6-4. Shorting connector 
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6.8.2 PRELIMINARY PROCEDURE 

1) Turn the power to the HP 2250 system OFF. 

2) Remove the field wiring assemblies (FWAs) from the HP 25503A LLMUX 
card. 

3) Remove the LLMUX card from its slot and insert the extender card in 
its place. Insert the LLMUX card into the extender card. Leave 
the FWAs disconnected. 

I CAUTION I 

The LLMUX card contains static-sensitive 
components. Be sure to use appropriate 
anti-static procedures when you handle 
the ca rd. (The pages on" Sa fety Cons id
erations" at the beginning of this manual 
describe the anti-static procedures that 
you should follow.) Fa i lure to follow 
these procedures may result in damage to 
the card. 

4) Turn power to the HP 2250 system ON and make sure that the system 
passes self-test. 

5) Allow the LLMUX card to reach normal operating temperature. This 
warm-up period usually takes 15 minutes; if,' however, the card was 
already at operating temperature before you turned the power off, 
and if the power was not off for more than 30 seconds, you can go 
ahead with the calibration procedure. 

6) At the controller you are using (HP 1000, HP 9826, HP-85, etc.) 
issue the command 

ID(l,n) ! 

to the HP 2250, where n is the number of function card slots in 
your HP 2250 system. (If you are using the MCX exerciser program, 
just type in "CARDS".) This will cause the ID codes of the 
function cards in your system to be returned, and an ID code of 3 
should be returned for the slot that contains the HP 25503A LLMUX 
card. 

7) Issue the following command from controller to the HP 2250: 

AI(slot,l) 
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where "slot" is the slot number of the LLMUX card. This will cause 
the HP 2250 to make an analog reading of channel 1 of the LLMUX 
card. Two values should be returned: 

a) A condition code of 0, indicating that the command executed 
correctly. 

b) The datum from the conversion on channell; this should be 
any integer in the range of -32768 to 32767. (Since channel 
1 is not connected to a known voltage, there is no way of 
knowing what the "correct" reading should be. All that you 
are doing here is verifying that the card is able to take a 
reading.) 

8} If step 7 was successful {that is, if an integer between -32768 and 
32767 was returned}, you are ready to proceed with the calibration. 

6-19 



HP 25503 

6.8.3 OFFSET VOLTAGE ADJUSTMENT 

There are three adjustments to be made in calibrating the HP 25503A LLMUX 
card; they are all adjustments of operational amplifier offset voltages. 
Do the following: 

1) Short the inputs of the first channel of the LLMUX card. This 
involves connecting the HIGH, LOW, and GROUND pins of the channel. 
This is most easily done with the shorting connector (part number 
25590-60010) shown in figure 6-4. Connect the shorting connector 
to the first block of eight channels on the card, just as though 
you were connecting a field wiring cable. (You don't have to use 
the shorting connector if you don't want to, but we have found that 
using the connector is easier than trying to run wires between all 
those little pins.) 

I CAUTION I 

If you do try to connect the pins with individual 
wires, be careful not to make contact with the 
fourth row of pins. These pins carry power for 
the thermocouple reference connectors, and an 
accidental connection between these pins and the 
other pins could damage the card. We recommend 
that you use the shorting connector. 

2) Issue the following command to the HP 2250: 

AI(slot,l) 

where "slot" is the number of the slot that contains the LLMUX 
card. 

3) Set the voltmeter to the lowest voltage range and connect it 
between points A and C (shown in figure 6-5) on the LLMUX card. 

4) Adjust potentiometer R601 (on the front edge of the card) until you 
get a reading of zero on the voltmeter. 
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R601 

R603 

c 

52A-0633 TEST POINTS & POTENTIOMETERS 

Figure 6-5. LLMUX Test Points and Adjustments 

5) Connect the voltmeter between points Band C (shown in figure 6-5). 

6) Adjust potentiometer R602 (on the front edge of the card) until you 
get a reading of zero on the voltmeter. 

7) Connect the voltmeter between test points HIGH and LOW on the front 
edge of the card. 

8) Adjust potentiometer R603 (on the front edge of the card) until you 
get a reading of zero on the voltmeter. 
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9) Calibration of the LLMUX card is now complete. To return to normal 
operation: 

6-22 

a) Turn power to the HP 2250 system OFF. 

b) Remove the LLMUX card from the extender card. 

I CAUTION I 

The LLMUX card contains static-sensitive 
components. Be sure to use appropriate 
anti-static procedures when you handle 
the card. (The pages on "Safety Consid
erations" at the beginning of this manual 
describe the anti-static procedures that 
you should follow.) Fa i 1 ure to follow 
these procedures may result in damage to 
the card. 

c) Remove the extehder card from its slot and insert the LLMUX card 
in its place. 

d) Connect the FWAs to the LLMUX card. 

e) Turn power ON. 

The HP 2250 system is now ready to go. 



Section VII 
UP 25504 16-Channel Relay Multiplexer 

7.1 INTRODUCTION 

This section provides information for the HP 25504 16-Channel Relay 
Multiplexer (RLYMUX) card. Included are specifications and a functional 
description. Installation information for the card is provided in the HP 
2250 Measurement and Control Processor Installation and Start-Up Manual, 
part number 02250-90012. 

7.2 DESCRIPTION 

The RLYMUX adds low-level, high common-mode rejection (llO dB) input 
expansion capability to the HP 25501 l6-Channel High-Speed Analog Input 
(ADC) card. It also offers true ground isolation, a channel-to-channel 
scan rate of 1 kHz, programmable open sensor detection, and programmable 
gains of 0.1, 1, 10, and 100. 

Figure 7-1 shows the RLYMUX card with its metal shield in place. Figure 
7-3, later in this section, shows the card with the shield removed. 

The RLYMUX has 16 -input channels that provide relay switching for analog 
input voltages. The relay for each input channel is located on a 
replaceable relay module. Full information on the relay modules is 
contained in the paragraphs on "Relay Modules", later in this section. 

Each relay switches three input lines per channel: HI, LOW, and GUARD. 
The HI and LOW lines provide standard input for analog input voltages. 
The GUARD is used when common-mode voltages and noise are a problem. The 
relay switch for the GUARD is designed to close before the HI and LOW 
relay switches, to prevent common-mode surge currents from flowing in the 
RLYMUX Programmable Gain Amplifier (PGA). 

To minimize noise in the input signals, the GUARD line of the cable 
should be connected to the LOW side of the user-supplied voltage source 
(as far from the RLYMUX card as possible). The GUARD should run through 
the shield wire of any three-wire system. If it is determined that the 
GUARD is not required, the GUARD of the input line should be tied to its 
LOW input at the field wiring assembly (as close to the RLYMUX card as 
practicable) • The LOW inputs of all channels can be tied to their 
respective GUARD inputs by setting the switch on the front of the RLYMUX 
card to the ON position. 

Common-mode isolation on the RLYMUX is provided by magnetic coupling to 
break the ground loops between user-supplied voltage sources and the HP 
2250 system. 

7-1 



HP 25504 

52A-0627 

Figure 7-1. HP 25504 16-Channel Relay Multiplexer 
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The RLYMUX can receive microvolt and millivolt inputs from devices such 
as thermocouples. If thermocouple measurements are to be made, a 
thermocouple power supply located on the RLYMUX is used to provide power 
to an optionally available HP 25594B Thermocouple Reference Connector. 
The Thermocouple Reference Connector provides connections for up to 15 
various thermocouple devices and is described in Section XIII of this 
manual. 

Appropriate Use. The RLYMUX is appropriate for high-common-mode 
applications that require continuous low-speed scanning or occasional 
high-speed scanning. Applications that require continuous high-speed 
scanning are not suitable for the RLYMUX, since they use up the finite 
lifetime of the relay modules inordinately fast; for such applications 
the HLMUX or LLMUX, with appropriate external signal conditioning, is 
better. 

7.3 SPECIFICATIONS 
Table 7-1 contains specifications for the RLYMUX. 

Table 7-1. HP 25504 Specifications 

FEATURES 

16 channels, scanning at 500 Hz, single-channel input at 10 kHz 

14-bit resolution 

Programmable full scale ranges from +/- 100 V to +/- 12.4 mV 

+/- 350 volt peak common mode range 

Programmable open sensor detection 

Current loop option 

Relay life: 10 million to 100 million cycles (40 million avg.) 

APPLICATIONS 

Interfaces to devices such as transducers and thermocouples. 
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Table 7-1. HP 25504A Specifications (Continued) 

PROGRAMMING INFORMATION 

AI command: 

AIR command: 

AID command: 

Return voltage from specified channel in 
millivolts 

Return voltage in HP 1000 real format 

Return voltage in double integer format 

AIC command: Return data from channel in raw card format 

GAIN command: Set gain (range) on a specified channel 

RGAIN command: Read gain (range) on a specified channel 

CLB command: Perform an auto-zero cycle 

RANGE command: Set analog range 

ELECTRICAL CHARACTERISTICS 

INPUT RANGE AND RESOLUTION 

0.1 1 .0 10.0 100.0 

1 +/- 100 V +/- 10.0 V +/- 1 .0 V +/- 0.1 V 
12.5 mV 1. 25 mV 125 mV 1 2.5 uV 

2 +/- 50 V +/- 5V +/- 0.5 V +/- 0.05 V 
HP 25501A 6.25 mV 625 uV 62.5 uV 6.25 uV 

GAIN 
4 +/- 25 V +/- 2.5 V +/- 0.25 V +/- 0.025 

3.13 mV 31 3 uV 31 .3 uV 3.13 uV 

8 +/- 12.5 V +/- 1 .25 V +/- 0.125 V +/- 0.0125 
1 .56 mV 156 uV 15.6 uV 1.56 uV 

SPAN = 2 x absolute value (range) 
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Table 7-1. HP 25504A Specifications (Continued) 

COMMON MODE VOLTAGE LIMITS 

Common Mode Voltage: 350 volts peak 

Channel-to-Channel Common Mode Voltage: 350 volts peak 

The potential difference between any two channels shall never 
exceed 350 volts peak. If channel 1 has a + 10 volt 
differential signal and a +100 volt common mode signal applied 
to its input, then channel 2 will have no more than 110 volts 
minus 350 volts (-240 volts) total (sum of differential and 
common mode) applied to its input. 

V eM + V OM ... ±350 VOLTS 
r---------
I I 
I HI I 

LO 

I 
I 
I 

I 25504A I "'__ __ ---' _______ -.J 

COMMON MODE REJECTION AND CROSSTALK 

Effective Common Mode Rejection*: 

60 Hz 165 db (average of ten HP 25501A readings)* 

120 Hz 140 db (average of ten HP 25501A readings)* 

* Effective common mode rejection is defined as the sum of the 
common mode rejection of the HP 25504 and the normal mode 
rejection provided by the HP 25501 when used as a digital 
filter through the available MCL/50 commands. MCL/50, 
through the use of the CPACE and WPACE commands, allows the 
user to take a group of paced readings over a cycle of the 
common mode signal. These can then be averaged by applying 
the AAVERAGE command resulting in the Effective Common Mode 
Rejection outlined above. 
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Table 7-1. HP 25504A Specifications (Continued) 

For a 60-Hz common mode signal, the pace rates would be set 
as follows: 

Common Mode Period = 16.66 msec (1/60 Hz) 

Pace Rate = 16.66/10 = 1.666 msec (10 readings) 

For an individual HP 25504, the effective scan rate would be 
60 Hz. 

Common Mode Rejection (without signal averaging): 

Source 
Imbalance Frequency Db 

o ohm DC to 1 kHz 104 
DC to 5 kHz 90 
DC to 10kHz 84 

1 K ohm DC to 50 Hz 1 1 0 
DC to 100 Hz 104 
DC to 500 Hz 90 
DC to 1 kHz 84 

AC Crosstalk (Channel to Adjacent Channel): 

Frequency Db 

DC to 50 Hz -120 
DC to 60 Hz -118 
DC to 100 Hz -1 14 

AC Crosstalk (1 Channel to 15 Off Channels) 

Frequency Db 

50 Hz -97 
60 Hz -95 
100 Hz -91 



Table 7-1. HP 25504 Specifications (Continued) 

SOURCE IMPEDANCE 

Maximum Source Impedance for Rated Accuracy: 1 K ohm 

Maximum Source Imbalance for Rated Accuracy: 1 K ohm 

A 10 kHz low pass filter at each channel input (on the 
relay module) has the following characteristics: 

Source impedance 
of sensor 

o ohms 
100 ohms 
200 ohms 
500 ohms 

1000 ohms 

Frequency at which signal 
is rolled off by 3 dB 

10.0 kHz 
6.7 kHz 
5.0 kHz 
2.9 kHz 
1. 7 kHz 

Refer to the paragraphs on "Relay Modules" later in this 
chapter for information on modification of the filter 
characteristics. 

INPUT IMPEDANCE 

Open Channel: > 100 megohm, shunted by 3 pf 

Closed Channel: > 1 megohm all ranges, 50 pf shunt 

Power Off: > 100 megohm, 3 pf shunt 

HP 25504 
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Table 7-1. HP 25504 Specifications (Continued) 

INPUT OVERLOAD PROTECTION 

Ito 100 Gain Range*: (Overload occurs at +/- 12 volts) steady 
state up to 350 volts 

0.1 Gain Range: Steady state up to 250 volts; power off to 
350 volts 

* The HP 25504 includes an overload circuit that opens the 
relay of the selected channel when a potential greater than 
12 volts is applied. The returned analog data will indicate 
full-scale overrange. Overload recovery requires initiating 
a new reading on the addressed channel. 

ACCURACY 

Static Accuracy (at 25 degrees C without autocalibrate cycle): 

% of Full Scale Volts Referred to 
Input Channel Referred to Input Input 

Range (+/- 1/2 LSB) (+/- 1/2 LSB) 

+/- 100 V +/- 0.05 % 50.0 mV 
+/- 10 V +/- 0.05 % 5.0 mV 
+/- 1 V +/- 0.05 % 500 uV 
+/- 0.1 V +/- 0.05 % 50 uV 
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Table 7-1. HP 25504 Specifications (Continued) 

Temperature Coefficients: 

Offset Temperature Gain Temperature 
Input Channel Coefficient Referred Coefficient Referred 

Range to Input to Input 

+/- 100 0.0007%/degree C +/- 0.004%/degree C 
700 uV/degree C 

+/- 10 0.0007%/degree C +/- 0.004%/degree C 
70 uV/degree C 

+/-1 .0.0025%/degree C +/- 0.004%/degree C 
25 uV/degree C 

+/- 0.1 O.02%/degree C +/- 0.004%/degree C 
20 uV/degree C 

Static Offset 

Input Channel Accuracy Referred to Input 

+/- 100 0.0005% 500 uV 
+/- 10 0.0005% 50 uV 
+/- 1 0.005% 50 uV 
+/- 0.1 0.05% 50 uV 

AC ACCURACY 

Full Power Bandwidth (with 0 ohms input impedance): 

Input Channel Range Bandwidth 

+/- 100 1 kHz 
+/- 10 1 kHz 
+/- 1 1 kHz 
+/- 0.1 1 kHz 
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Table 7-1. HP 25504 Specifications (Continued) 

Small Signal Bandwidth (with a ohms input impedance) : 

Input Channel Range Bandwidth 

+/- 100 10 kHz 
+/- 10 10 kHz 
+/- 1 10 kHz 
+/- 0.1 5 kHz 

NOISE 

Input Channel uV RMS Referred uV 
Range to Input Peak 

+/- 100 1000 3000 
+/- 10 500 1500 
+/- 1 100 300 
+/- 0.1 15 45 

PHYSICAL CHARACTERISTICS: 

Width: 28.91 cm (11. 38 in. ) 

Depth: 34.8 cm (13.54 in. ) 

Height: 3.5 cm (1. 38 in. ) 

Weight: 680 grams (1.5 lbs) 

7.4 FUNCTIONAL DESCRIPTION 

Figure 7-2 is a functional block diagram diagram showing the input/output 
buses and the major functions of the RLYMUX. 
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The RLYMUX, upon command from the processor unit (HP 2104), selects an 
analog input voltage, amplifies it, and transfers it to the HP 25501A 
16-Channel High-Speed Analog Input (ADC) card. The ADC card converts the 
value of the analog voltage to an equivalent digital word and transfers 
it along with the system gain value to the HP 12071A Measurement and 
Control Interface (MCI) card. 

Up to 16 channels can be connected directly to the input connectors on 
the RLYMUX, with each channel capable of providing an independent analog 
input voltage. Each input channel has a DATA register associated with 
it. An input channel is selected by addressing its associated DATA 
register. The selected analog input voltage passes through a Multiplexer 
and an Open Sensor Detect circuit to the input of the Programmable Gain 
Amplifier (PGA). 

The Open Sensor Detect circuit is used to locate an open circuit or line 
in one of the input channels. It is turned on or off by setting or 
clearing bit 7 of the card configuration register (register 249). When 
the Open Sensor Detect circuit is turned on, the RLYMUX puts out a small 
current (6 microamperes) to check for an open circuit. If the ciFcuit is 
open (an input line is broken or unplugged), the current feeding into the 
high resistance will drive the voltage to the overrange state and give a 
positive full-scale voltage reading. An open circuit will cause a 
full-scale reading on any gain range from 1 to 800. The Open Sensor 
Detect circuit does not work for gain less than 1. 

An overrange condition will produce the same results as an open circuit. 
That is, if an overrange input voltage is applied, a full-scale reading 
will occur. To determine whether an overrange condition or an open 
circuit is causing the full-scale reading, turn off the Open Sensor 
Detect circuit and take another reading. If the input circuit is open, 
the voltage reading will drop to a low noise level; if the circuit is 
closed and an overrange voltage is present, the ~eading will remain at 
full scale. 

Another condition that can approach or reach a full-scale reading is a 
high resistance (1500 ohms or greater) in the input circuit. When the 6 
microampere current is applied to such a resistance, the voltage induced 
in the circuit can give a full-scale reading, especially in the higher 
gain ranges. You can distinguish this situation from an open circuit by 
reducing the gain and taking a reading: if the circuit is closed, the 
voltage reading will be less than full scale in the lower gain ranges; if 
the circuit is open, the voltage reading will remain at full scale in all 
gain ranges from 1 to 800. 

If the voltage induced by the 6 
reading excessively, you can turn 
check for an open circuit, and 
reading. 

microampere current contaminates your 
on the Open Sensor Detect circuit to 

then turn it off to make the actual 

Each input channel has an associated GAIN register. Each of these GAIN 
registers can be programmed to one of the following gains: .1, 1, 10, or 
100. Also gains of 1, 2, 4, 8, and autoranging can be programmed, which 
are used to set the gain of the ADC card PGA. When a reading is requested 
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channel, the contents of the associated GAIN register 
the gain of the RLYMUX and ADC card PGA to the 

At any time, through programming, you can read or 
of the GAIN registers. 

After amplification in the PGA, the analog voltage passes through the 
Isolation Amplifier. The Isolation Amplifier contains a pulse transformer 
which magnetically isolates the input grounds from those of the rest of 
the system. The analog voltage then passes through the closed Analog 
Output Switch to the ADC card. The gain data from the associated GAIN 
register is also sent to the ADC card when a read DATA is requested, to 
set the gain of the ADC card PGA. 

7.5 RELAY MODULES 

7.5.1 GENERAL DESCRIPTION 

The relay modules of the RLYMUX card provide the relay switching for the 
input signals attached to the card. The RLYMUX card contains 16 relay 
modules, one for each input channel. Each relay module is connected to 
the card by a series of connection pins, and is held in place by two 
screws. 

The locations of the relay modules are shown in figure 7-3. An 
individual relay module is shown later, in figure 7-4. The relays 
modules are numbered sequentially from 1 to 16. Refer to the paragraphs 
on "Pin Assignments and Cabling", later in this chapter, for the pin 
assignments of the corresponding channels. 

The relays on the relay modules have a finite life, averaging 40 million 
closures. (Actual relay lifetime is a function of the common mode 
voltage applied, and varies between 10 million and 100 million closures. 
40 million closures is an average figure.) Because applications 
involving high frequency switching can use up the expected life of a 
relay in a relatively short time, the relay modules are designated as 
"replaceable by the customer". The following paragraphs describe the 
procedure for removing and replacing defective relay modules. The 
paragraphs on "Relay Verification", at the end of this chapter, provide a 
procedure for detecting defective relay modules. 
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Relay module for channel 16 

52A-0628 

Figure 7-3. Locations of Relay Modules 
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7.5.2 REMOVAL AND REPLACEMENT 

Use the following procedure to remove a relay module from the RLYMUX card 
and replace it with another relay module. 

1) Turn the power to the HP 2250 system OFF. 

High voltages (up to 350 volts) may be present 
in the field wiring assemblies (FWAs). Such 
voltages are potentially lethal. When you dis
connect the FWAs from the RLYMUX card, be care
ful that you do not establish a path from the 
FWA to ground, particularly through yourself. 
Be sure to place the FWAs in a position that 
prevents them from becoming grounded. 

2) Disconnect the FWAs from the RLYMUX card. 

I CAUTION I 

The RLYMUX card contains static-sensitive 
components. Be sure to use appropriate 
anti-static procedures when you handle 
the card. (The pages on "Safety Consider
ations" at the beginning of this manual 
describe the anti-static procedures that 
you should follow.) Failure to follow 
these procedures may result in damage to 
the card. 

3) Remove the RLYMUX card from its slot and place it on a static-free 
work surface. 
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A label on the shield warns of hazardous voltages. 
This warning refers to the voltages that may be 
present at the FWAs. As long as the FWAs remain 
unconnected, hazardous voltages are not present on 
the RLYMUX card. 

4) Unscrew the five screws that secure the metal shield to the top of 
the RLYMUX card, and remove the shield. 

[ CAUTION [ 

The connector pins that connect the relay modules to the 
RLYMUX card are easily damaged. Be careful not to damage 
these pins when removing or installing the relay module. 

5) Unscrew the two screws securing the relay module that you wish to 
remove. Carefully remove the module from the connection pins. 

6) Carefully install the new relay module on the connection pins and 
secure it with the two screws. 

7) Replace the metal shield on top of the RLYMUX card and secure it 
with the five screws. 

8) Using the appropriate anti-static procedures, replace the RLYMUX 
card in its slot in the HP 2250. 

I@jWWij 

Hazardous or lethal voltages may be present in the field 
wiring assemblies (FWAs) of the RLYMUX card. When you 
handle these FWAs, be careful not to create a path from 
the FWAs to ground. 

9) Connect the FWAs to the RLYMUX card. 

10) Turn the HP 2250 system power ON and make sure that the system 
passes self-test. 

This completes the relay module removal and replacement procedure. The 
HP 2250 is once again ready for operation. 
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7.5.3 MODIFICATION OF FILTER CHARACTERISTICS 

There is a 10 kHz low pass input filter 
filter has the characteristics described 
Impedance" in table 7-1; the bandwidth 
high-impedance sensor is used. 

on each relay module. This 
in the section on "Source 

is sharply curtailed when a 

It is possible to obtain the full 10 kHz single-channel bandwidth when 
using a high-impedance sensor, at the cost of increased noise in the 
circuit. To accomplish this, take a relay module and remove the 0.1 
microfarad capacitor (shown in figure 7-4) from it; then install the 
relay module on the appropriate channel in accordance with the removal 
and replacement procedure outlined above. 

0.1 Microfarad Capacitor 

52A'0650 

Figure 7-4. Modification to Relay Module (refer to text) 

7.6 REGISTER ASSIGNMENTS 
Register assignments for the RLYMUX card are shown in figure 7-2. 

The analog input cards 
assignments. The raw 
format. The register 
channels per card. 

(ADC and multiplexers) all have the same register 
data returned from the card is in double word 

assignments allow for future expansion up to 48 

To read. the zero-reference voltage on a channel, read from the 
appropriate register on pages 9-11. Programming the gain for a channel 
is done by writing to the registers on pages 13-15. 

The meaning of the configuration word of the analog input cards varies 
from card to card. For the RLYMUX card, the following meanings apply: 

Bit Meaning 

7 1 - Open sensor detection on 
o - Open sensor detection off 

A read of the card status register always will return O. 
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TABLE 7-2. ANALOG INPUT REGISTER ASSIGNMENTS 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1st 2nd 1st 2nd 1st 2nd 
1 DATAl GAINI DATA17 GAIN17 DATA33 GAIN33 
2 DATA2 GAIN2 DATA18 GAIN18 DATA34 GAIN34 
3 DATA3 GAIN3 DATA19 GAIN19 DATA35 GAIN35 
4 DATA4 GAIN4 DATA20 GAIN20 DATA36 GAIN36 
5 DATA5 GAIN5 DATA21 GAIN21 DATA37 GAIN37 
6 DATA6 GAIN6 DATA22 GAIN22 DATA38 GAIN38 
7 DATA7 GAIN7 DATA23 GAIN23 DATA39 GAIN39 
8 DATA8 GAIN8 DATA24 GAIN24 DATA40 GAIN40 

9 DATA9 GAIN9 DATA25 GAIN25 DATA41 GAIN41 
10 DATAI0 GAINI0 DATA26 GAIN26 DATA42 GAIN42 
11 DATAll GAINll DATA27 GAIN27 DATA43 GAIN43 
12 DA'rA12 GAIN12 DATA28 GAIN28 DATA44 GAIN44 
13 DATA13 GAIN13 DATA29 GAIN29 DATA45 GAIN45 
14 DATA14 GAIN14 DATA30 GAIN30 DATA46 GAIN46 
15 DATA15 GAIN15 DATA31 GAIN31 DATA47 GAIN47 
16 DATA16 GAIN16 DATA32 GAIN32 DATA48 GAIN48 

PAGE 5 PAGE 6 PAGE 7 PAGE 8 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
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TABLE 7-2. ANALOG INPUT CARD REGISTER ASSIGNMENTS, CONTINUED 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 9 PAGE 10 PAGE 11 PAGE 12 

1 ZER01 GAIN1 ZER017 GAIN17 ZER033 GAIN33 
2 ZER02 GAIN2 ZER018 GAIN18 ZER034 GAIN34 
3 ZER03 GAIN3 ZER019 GAIN19 ZER035 GAIN35 
4 ZER04 GAIN4 ZER020 GAIN20 ZER036 GAIN36 
5 ZER05 GAIN5 ZER021 GAIN21 ZER037 GAIN37 
6 ZER06 GAIN6 ZER022 GAIN22 ZER038 GAIN38 
7 ZER07 GAIN7 ZER023 GAIN23 ZER039 GAIN39 
8 ZER08 GAIN8 ZER024 GAIN24 ZER040 GAIN40 

9 ZER09 GAIN9 ZER025 GAIN25 ZER041 GAIN41 
10 ZER010 GAIN10 ZER026 GAIN26 ZER042 GAIN42 
11 ZER011 GAIN11 ZER027 GAIN27 ZER043 GAIN43 
12 ZER012 GAIN12 ZER028 GAIN28 ZER044 GAIN44 
13 ZER013 GAIN13 ZER029 GAIN29 ZER045 GAIN45 
14 ZER014 GAIN14 ZER030 GAIN30 ZER046 GAIN46 
15 ZER015 GAIN15 ZER031 GAIN31 ZER047 GAIN47 
16 ZER016 GAIN16 ZER032 GAIN32 ZER048 GAIN48 

PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 GAIN1 GAIN17 GAIN33 
2 GAIN2 GAIN18 GAIN34 
3 GAIN3 GAIN19 GAIN35 
4 GAIN4 GAIN20 GAIN36 
5 GAIN5 GAIN21 GAIN37 
6 GAIN6 GAIN22 GAIN38 
7 GAIN7 GAIN23 GAIN39 
8 GAIN8 GAIN24 GAIN40 

9 GAIN9 GAIN25 GAIN41 CARD CONFIG 
10 GAIN10 GAIN26 GAIN42 0 
11 GAIN11 GAIN27 GAIN43 CARD STATUS 
12 GAIN12 GAIN28 GAIN44 0 
13 GAIN13 GAIN29 GAIN45 CARD ID REG 
14 GAIN14 GAIN30 GAIN46 0 
15 GAIN15 GAIN31 GAIN47 0 
16 GAIN16 GAIN32 GAIN48 BIF 
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7.7 PIN ASSIGNMENTS AND CABLING 

Table 7-3 shows the signals that are routed to the card connector pins on 
the edge of the card. The connector numbering scheme is shown in figure 
3-11, at the end of Section III of this manual. 

Table 7-3. HP 25504A I/O Connector Module Pin Assignments 

CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTION 

7-20 

AlJl 1,2 ID Resistor A3Jl 1,2 ID Resistor 
AlJl 2 Ground A3Jl 2 Ground 
AlJl 3 Thermocouple A3Jl 3 Thermocouple 

Supply (+ ) Supply (+ ) 
AlJl 4 Thermocouple A3Jl 4 Thermocouple 

Supply (- ) Supply (- ) 

AIJ2 1-4 Channel 1 A3J2 1-4 Channel 9 
AlJ3 1-4 Card guard A3J3 1-4 Card guard 
AIJ4 1-4 Channel 2 A3J4 1-4 Channel 10 
AIJ5 1-4 Card guard A3J5 1-4 Card guard 
AIJ6 1-4 Channel 3 A3J6 1-4 Channel 11 
AIJ7 1-4 Card guard A3J7 1-4 Card guard 
AIJ8 1-4 Channel 4 A3J8 1-4 Channel 12 
AIJ9 1-4 Card guard A3J9 1-4 Card guard 

A2Jl 1-4 Card guard A4Jl 1-4 Card guard 
A2J2 1-4 Channel 5 A4J2 1-4 Channel 13 
A2J3 1-4 Card guard A4J3 1-4 Card guard 
A2J4 1-4 Channel 6 A4J4 1-4 Channel 14 
A2J5 1-4 Card guard A4J5 1-4 Card guard 
A2J6 1-4 Channel 7 A4J6 1-4 Channel 15 
A2J7 1-4 Card guard A4J7 1-4 Card guard 
A2J8 1-4 Channel 8 A4J8 1-4 Channel 16 
A2J9 1-4 Card guard A4J9 1-4 Card guard 

Note that pins 1 through 4 of the input channels have the 
following connections: Pin 1 (+ Input), Pin 2 (- Input), 
Pins 3 and 4 (Guard). The connectors labeled "card guard" 
are all connected to a card-driven guard. 
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The connection between the RLYMUX card and the field wiring is made with 
one of three cables: 

HP 25551C (RLYMUX card cable with screw terminations) 

HP 25551D (RLYMUX card cable, unterminated) 

HP 25594B (RLYMUX card cable with thermocouple reference connector) 

USE ONLY THE SPECIFIED CABLES (HP 25551C, HP 25551D, or 
HP 25594B) WHEN MAKING CONNECTIONS TO THE RLYMUX CARD. 
Do not attempt to use other cables. Due to differences 
in cable configuration, use of other cables could cause 
high common mode input voltages (up to 350 volts or more) 
to be routed to field wiring terminations where they are 
not expected. THESE HIGH COMMON MODE VOLTAGES CAN BE 
HAZARDOUS OR EVEN LETHAL. USE ONLY THE PROPER CABLES 
WITH THE RLYMUX CARD. 

Note that the RLYMUX cables are NOT INTERCHANGEABLE with non-RLYMUX 
cables. As indicated in the warning above, the use of non-RLYMUX cables 
with the RLYMUX card could cause hazardous voltages to be routed to 
points where they are not expected. The use of RLYMUX cables with a 
non-RLYMUX card is not hazardous, but the differences in connector 
configurations will cause you to lose the use of at least half of the 
channels on the card. 
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7.8 CALIBRATION 

If the RLYMUX card is not 
need to calibrate it. 
operation of the card by 
Measurement and Control 
part number 25595-90001. 

operating according to specifications, 
After calibration, you can verify the 
performing the tests described in the 
Processor Diagnostic and Verification 

you may 
overall 
HP 2250 
Manual, 

There are two parts to the calibration procedure for the RLYMUX card: 
linearity adjustment and offset adjustment. The linearity adjustment 
should be made before the offset adjustment. The following paragraphs 
contain specific instructions for calibrating the RLYMUX card. 

7.8.1 EQUIPMENT REQUIRED 

You will need the following equipment to calibrate the RLYMUX card. 

~ 1) A digital voltmeter capable of resolving 100 microvolts on a + 10 
volt scale. The HP 3455A, 3456A, and 3490A digital voltmeters ~ill 
do the job. 

2) An accurate DC voltage source, capable of outputting + 9 volts with 
an error of less than 1 millivolt. The model 501 J voltage source 
from Electronic Development Corporation is one such instrument. 

3) Extender card, part number 25591-60001, as shown in figure 7-5. 

4) Shorting connector, part number 25590-60010, as shown in figure 
7-6. 

In addition, if the MCX exerciser program is available on your host 
computer, you will probably find it useful for issuing MCL/50 commands to 
the RLYMUX card during the calibration procedure. 
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52A-0632 

Figure 7-5. Extender card 

52A-0631 

Figure 7-6. Shorting connector 
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7.8.2 PRELIMINARY PROCEDURE 

1) Turn the power to the HP 2250 system OFF. 

11J.!;lw:ti" 

High voltages (up to 350 volts) may be present 
in the field wiring assemblies (FWAs). Such 
voltages are potentially lethal. When you dis
connect the FWAs from the RLYMUX card, be care
ful that you do not establish a path from the 
FWA to ground, particularly through yourself. 
Be sure to place the FWAs in a position that 
prevents them from becoming grounded. 

2) Disconnect the FWAs from the RLYMUX card. 

I CAUTION I 

The RLYMUX card contains static-sensitive 
components. Be sure to use appropriate 
anti-static procedures when you handle 
the card. (The pages on "Safety Consider
ations" at the beginning of this manual 
describe the anti-static procedures that 
you should follow.) Failure to follow 
these procedures may result in damage to 
the card. 

3) Remove the RLYMUX card from its slot and insert the extender card 
in its place. 
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A label on the shield warns of hazardous voltages. 
This warning refers to the voltages that may be 
present at the FWAs. As long as the FWAs remain 
unconnected, hazardous voltages are not present on 
the RLYMUX card. 

4) Unscrew the five screws that secure the metal shield to the top of 
the RLYMUX card, and remove the shield. All adjustments will be 
made with the shield off. 

5) Insert the RLYMUX card into the extender card. Leave the FWAs 
disconnected. 

6) Turn the power to the HP 2250 system ON and make sure that the 
system passes self-test. (The self-test is described in the 
HP 2250 Installation and Start-Up Manual, part number 
02250-90012.) 

7) Allow the RLYMUX card to reach normal operating temperature. This 
warm-up period usually takes 15 minutes; if, however, the card was 
already at operating temperature before you turned the power off, 
and if the power was not off for more than 2 minutes, you can go 
ahead with the calibration procedure after the card has warmed up 
for 5 minutes. 

8) Note the position of the 
RLYMUX card; then set it to 
pins of the card to the 
finished, you will return the 

9) At the host computer you are 
the command 

ID(1,n)! 

slide switch on the front edge of the 
the ON position. (This ties the GUARD 

LOW pins. After the calibration is 
switch to its original position.) 

using (HP 1000, HP 9826, etc.) issue 

to your HP 2250, where n is the number of function card slots in 
your HP 2250 system. (If you are using the MCX exerciser program, 
just type in "CARDS".) This will cause the ID codes of the 
function cards in your system to be returned; an ID code of 4 
should be returned for the slot that contains the HP 25504 RLYMUX 
card. 
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10} Issue the following command from the host computer to the HP 2250: 

AI(slot,l} 

where "slot" is the slot number of the RLYMUX card. This will 
cause the HP 2250 to make an analog reading of the RLYMUX card. 
Two values should be returned: 

a} A condition code of 0, indicating that the command executed 
correctly. 

b} The datum from the conversion on channell; this should be 
any integer in the range of -32768 to 32767. (Since channel 
1 is not connected to a known voltage, there is no way of 
knowing what the "correct" reading should be. All that you 
are doing here is verifying that the card is able to take a 
read ing. ) 

II} If step 10 was successful (that is, 
and 32767 was returned), you are 
calibration. 

if an integer between -32768 
ready to proceed with the 

7.8.3 LINEARITY ADJUSTMENT 

I} Select a channel and connect the leads from the voltage source to 
the high and low input pins for that channel. The polarity of this 
connection is not important. (The relationships between the 
channels and the input pins are described in the paragraphs on "Pin 
Assignments and Cabling", earlier in this chapter. 

7-26 



HP 25504 

2) Connect the leads from the voltmeter to test points TP14 and TP15 
on the RLYMUX card. (See figure 7-7.) 

TP15 

DD 
J TP14 

~ .. / 
I I 

D 

o 

o 
o o o 

52A-0622 

Figure 7-7. Linearity adjustment. 

3) Set gain for the channel to 1. You can use the command 

GAIN (slot, channel) 98 

where "slot" specifies the number of the slot that contains the 
RLYMUX card that you are testing and "channel" specifies the number 
of the channel that you are using to make the measurements. 

4) Take an analog reading from the channel. You can use the command 

AI (slot, channel) 

where "slot" specifies the number of the slot that contains the 
RLYMUX card that you are testing and "channel" specifies the number 
of the channel that you are using to make the measurements. This 
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will connect the input pins to test points TP14 and TP15, and will 
allow the voltage supplied by the voltage source to be displayed on 
the voltmeter. 

5) Set the voltage source to provide 9 volts and note the voltage 
reading that appears on the voltmeter. Then set the voltage source 
to provide -9 volts and again observe the reading on the voltmeter. 
The difference between the two voltage readings should be 
18.000 V + 0.001 V; if it is not, the card is out of linear 
calibration. Don't worry about voltage offset during this part of 
the calibration procedure; that will be covered next, in the 
paragraphs on offset adjustment. 

If the card is out of linear calibration, adjust potentiometer R77 
(see figure 7-7) until the above test yields a voltage difference 
of 18.000 V + 0.001 V. 

6) Disconnect the voltage source and the voltmeter from the RLYMUX 
card. 

7.8.4 OFFSET ADJUSTMENT 

1) Select a channel and short the high and low input pins of that 
channel, using the shorting connector (shown in figure 7-6). 

2) Set the gain of that channel to 100. You can use the command 

GAIN (slot, channel) 100 

where "slot" specifies the slot that contains the RLYMUX card and 
"channel" specifies the channel that you are using for this 
measurement. 

3) Take a reading from the channel. Use the command 
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AI (slot, channel) 

where "slot" specifies the slot that contains the RLYMUX card and 
"channel" specifies the channel that you are using for this 
measurement. 
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4) Connect the voltmeter leads to test points TPII and TP20. (See 
figure 7-8.) 

o 
o 00 

D 

o 

o 

R70 

o 

I TP11 

.O./@ 
52A-0623 

Figure 7-8. First Offset Adjustment 

5) Adjust potentiometer R70 (see figure 7-8) until the voltage reading 
on the voltmeter is 0.0 mV + 0.2 mY. (The voltage reading will 
change continuously to some small degree. This noise is normal and 
should not be of concern as long as it is possible to obtain a 
continuous offset within the 0.0 mV + 0.2 mV range.) 

7-29 



HP 25504 

6) Remove the voltmeter lead from test point TP11 and connect it to 
test point TP10. Leave the other voltmeter lead connected to test 
point TP20. (See figure 7-9.) 

D 

52A-<l624 

Figure 7-9. Second Offset Adjustment 

7) Adjust potentiometer R62 (see figure 7-9) until the voltage reading 
on the voltmeter is 0.0 mV + 0.2 mV. (As with the first offset 
adjustment, there will be some-noise present.) 
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8} Remove the voltmeter leads from the test points and connect them to 
test po ints TP14 and TP15. (See figure 7-l0.) 

52A-Q625 

o o @ 

TP15 I TP14 

~ .. / 
.. J 

o 

Figure 7-10. Third Offset Adjustment 

9} Adjust potentiometers R27 and R57 until the voltage reading on the 
voltmeter is 0.0 mV + 0.2 mV. While it is usually possible to make 
this adjustment using only one of the potentiometers, it is better 
to adjust both potentiometers together, a little at a time, until 
you obtain the proper reading. (As with the first two adjustments, 
there will be a certain amount of noise. This noise is normal and 
should not be of concern as long as it does not prevent you from 
calibrating the card.) 

10} Disconnect the voltmeter leads from the RLYMUX card, and remove the 
shorting connector from the card. 
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7.8.5 PUTTING THE SYSTEM BACK TOGETHER 

Once you have made the linearity and offset adjustments, all that remains 
is to return the system to its normal operating configuration. 

1) Turn the HP 2250 system power OFF. 

I CAUTION I 

The RLYMUX card contains static-sensitive 
components. Be sure to use appropriate 
anti-static procedures when you handle 
the card. (The pages on "Safety Consider
ations" at the beginning of this manual 
describe the anti-static procedures that 
you should follow.) Failure to follow 
these procedures may result in damage to 
the card. 

2) Remove the RLYMUX card from the extender card and attach the metal 
shield to the RLYMUX card. 

High voltages (up to 350 volts) may be present 
in the field wiring assemblies (FWAs). Such 
voltages can be lethal. When you connect the 
FWAs to the RLYMUX card, be careful that you 
do not establish a path from the FWAs to ground, 
either through the equipment or through yourself. 

4) Connect the field wiring assemblies (FWAs) to the RLYMUX card. 

5) Set the slide switch at the front edge of the card to its original 
position. 

6) Turn the HP 2250 system power ON and make sure that the system 
passes self-test. 

7) The HP 2250 is now ready to return to normal operation. 
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7.9 RELAY VERIFICATION 

The relays on the relay modules have a finite life, averaging 40 million 
closures. If a relay fails, it can fail in one of two modes: broken and 
left in the open position or stuck in the closed position. The symptoms 
of relay failure can be quite subtle; the most common symptoms are 
readings that give you unexpected values. 

The procedures in the following paragraphs allow you to find out whether 
any of the input relays on your RLYMUX card have failed. Replace any 
failed relays, using the procedure outlined in the paragraphs on "Relay 
Modules", above. 

The relay verification can be performed with the RLYMUX card in the 
HP 2250. 

Channel assignments for the relay modules and the connector pins on the 
card edge are given earlier in this section. 

7.9.1 EQUIPMENT REQUIRED 

You will need the following equipment to perform the relay verification. 

1) A voltage source. This could be the voltage source that you use 
for calibrating the RLYMUX card (Electronic Development Corporation 
model 501J, or equivalent), or it could even be a battery of known 
voltage. 

2) A voltmeter capable of measuring volts and ohms. This could be the 
HP 3455 (or equivalent) that you use for calibrating the RLYMUX, or 
it could be any multimeter, such as the HP 3476A/B. 

3) A program that allows you to issue commands to the HP 2250. The 
MCX program (part of the HP 25581 or HP 25582 Automation Library) 
is probably the easiest to use. 

4) You might find specially wired connectors or standard unterminated 
cables (HP 25551D) to be handy. You will have to make connections 
to the individual pins of the card connectors, and there is not a 
lot of room to make connections at the pins themselves. 
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7.9.2 PRELIMINARY PROCEDURE 

Take the following steps to prepare for the relay verification tests: 

1) Turn the HP 2250 power OFF. 

High voltages (up to 350 volts or more) may be present in 
the field wiring assemblies (FWAs). Such voltages are 
potentially lethal. When you disconnect the FWAs from 
the RLYMUX card, be careful that you do not establish a 
path from the FWA to ground, either through the equipment 
or through yourself. Be sure to place the FWAs in a 
position that prevents them from becoming grounded. 

2) Disconnect the FWAs from the RLYMUX card. 

3) Turn the HP 2250 power ON, and make sure that the HP 2250 passes 
its self-test. You are now ready to test the relays. 

4) Note the position of the GUARD-to-LOW slide switch on the front 
edge of the RLYMUX card. You will need to return this switch to 
its original position at the end of the verification procedure. 

7.9.3 TEST FOR BROKEN (OPEN) RELAYS 

The 
open 
the 
this 

following procedure tests for relays 
position. Any bad relays that you 

procedures outlined in the paragraphs 
section. 

that are broken and left in the 
find should be replaced, using 
on "Relay Modules" earlier in 

1) Set the GUARD-to-LOW slide switch on the front of the card to the 
OFF position. 

2) Using MCX or a similar program, set the gain of the RLYMUX card to 
a range that is compatible with your voltage source. 

3) For each channel of the RLYMUX card: 
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a) Connect the leads of the voltage source to the HIGH and LOW pins 
of the channel. 

b) Using a 
voltage 
ensures 
even if 

BLOCK AI command, take at least 50 readings of the 
applied to the channel. (The large number of readings 
that the voltage has time to settle at a stable value, 

it comes from a high-impedance source.) 
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c) Check that the value of the voltage reading is the same as the 
voltage supplied by the voltage source. If it is not the same, 
the relay module for the channel is bad and should be replaced. 

d) Reverse the lead from the voltage source and take another 50 
readings with a BLOCK AI command. Check that the value of the 
reading is the same as the voltage supplied by the source. If 
it is not the same, the relay module is bad and should be 
replaced. 

e) Measure the 
an adjacent 
approximately 
circuit), the 

resistance between the GUARD pin of the channel and 
card-driven guard pin. The resistance should be 

100 ohms. If the resistance is very high (open 
relay module is bad and should be replaced. 

4) Go to the next channel and repeat the tests in step 3. 

5) When all channels have been tested, this portion of the relay 
verification is complete. Go on to the test for relays stuck in 
the closed position. 

7.9.4 TEST FOR STUCK (CLOSED) RELAYS 

This procedure tests for relays that are stuck in the closed position. 
Any bad relays that you find should be replaced, using the procedures 
outlined in the paragraphs on "Relay Modules" earlier in this section. 

Take the following steps: 

1) Set the GUARD-to-LOW slide switch on the front of the RLYMUX card 
to ON. 

2) Using MCX or a similar program, take a reading from channell with 
an AI command. 

3) Connect one lead of the ohmmeter to the HIGH pin of channell. 

4) Using the other lead of the ohmmeter, check the resistance between 
the HIGH pin of channel 1 and the HIGH pins of each of the other 
channels, one channel at a time. Each channel should give a high 
resistance reading, indicating an open circuit. If you get a 
reading of approximately 200 ohms on any channel, the relay module 
for that channel is bad, and should be replaced. 

5) Move the ohmmeter lead from the HIGH pin of channel 1 to the LOW 
pin of channell. 

6) Using the other lead of the ohmmeter, check the resistance between 
the LOW pin of channel 1 and the LOW pins of each of the other 
channels, one channel at a time. Each channel should give a high 
resistance reading, indicating an open circuit. If you get a 
reading of approximately 200 ohms on any channel, the relay module 
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for that channel is bad, and should be replaced. (Note that this 
test checks the GUARD pins as well, since they are tied to the LOW 
pins through the GUARD-to-LOW switch.) 

You have now tested all relays except the relay on channell. To test 
the channel I relay: 

7) Connect one lead of the ohmmeter to the HIGH pin of channel 16. 

8) Take a reading from channel 16 with an AI command. 

9) Measure the resistance between the HIGH pin of channel 16 and the 
HIGH pin of channel 1. You should get a high resistance reading, 
indicating an open circuit. If you get a reading of approximately 
200 ohms, the relay is bad, and should be replaced. 

10) Move the ohmmeter lead from the HIGH pin of channel 16 to the LOW 
pin of channel 16. 

11) Measure the resistance between the LOW pin of channel 16 and the 
LOW pin of channell. You should get a high resistance reading, 
indicating an open circuit. If you get a reading of approximately 
200 ohms, the relay is bad, and should be replaced. 

This completes the test for relays stuck in the closed position. 

7.9.5 RECONNECTING THE FIELD WIRING 

When you have finished testing for bad relays, take the following steps 
to reconnect the field wiring to the RLYMUX card. 

1) Replace any relays that failed the tests, in accordance with the 
replacement procedure outlined in the paragraphs on "Relay Modules" 
earlier in this chapter. 

2) Set the GROUND-to-LOW slide switch on the front of the RLYMUX card 
to its original position. 

3) Turn the HP 2250 system power OFF. 

High voltages (up to 350 volts or more) may be present in 
the field wiring assemblies (FWAs). Such voltages can be 
lethal. When you connect the FWAs to the RLYMUX card, be 
careful that you do not establish a path from the FWAs to 
ground, either through the equipment or through yourself. 

4) Connect the FWAs to the RLYMUX card. 
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5) Turn the HP 2250 system power ON and make sure that the system 
passes self-test. 

The system is now ready for use. 
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Section VIII 
HP 25510A 4-Channel Voltage/Current Analog Output 

8.1 INTRODUCTION 

This section provides information for the HP 25510A 4-Channel 
Voltage/Current Analog Output card. Included are specifications and a 
functional description. Installation information for the card is 
provided in the HP 2250 Measurement and Control Processor Installation 
and Start-Up Manual, part number 02250-90012. 

8.2 DESCRIPTION 
The HP 25510A, shown in figure 8-1, provides the basic analog output 
capability for the HP 2250 system. The card features four programmable 
output channels. Each channel consists of a 12-bit digital-to-analog 
converter (DAC), and is isolated one from the other and from earth 
ground. 

The channels can independently provide either a voltage or a current 
output, according to the switch settings of the voltage/current switches 
located on the card. A choice of either unipolar or bipolar output 
voltages is also provided for each channel by setting the 
unipolar/bipolar switches on the card to the desired position. Although 
the card will function properly without using remote sense, this feature 
is provided to allow increased accuracy when in the voltage output mode. 
Remote sense should not be used in the current output mode. 
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2250-89H 

Figure 8-1. HP 25510A 4-Channel Voltage/Current Analog Output 
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8.3 SPECIFICATIONS 

Table 8-1 contains specifications for the HP 25510A. 

8.4 FUNCTIONAL DESCRIPTION 

Figure 8-2 is a functional block diagram showing the input/output buses 
and the major functions of the HP 25510A card. 

The primary purpose of the card is to convert the value of a data word 
received from the processor unit (HP 2104) to an equivalent analog 
voltage or current value and transfer it to the appropriate output 
channel. 

The card has four isolated output channels capable of providing 
independent analog output voltages or currents for user applications. 
Each output channel has an OUTPUT CHANNEL Register associated with it. 
A write command selects the output channel by addressing its OUTPUT 
CHANNEL register. 

When the card is programmed to output a voltage, an input data word from 
the processor containing the voltage value to be converted is applied to 
the input of the card's Formatter. The Formatter reformats the 16-bit 
input data word, rounds it off to a 12-bit word, and changes it from 
parallel to serial form. The output of the Formatter is applied to the 
input of a Channel Selector. The Channel Selector selects the proper 
channel when addressed by the Channel Address from the Control Logic. 
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Table 8-1. HP 25510A Specifications 

FEATURES 

12-bit resolution 

Four independent, isolated channels 

Unipolar or bipolar voltage output mode, or current output mode 

Remote sense capability (voltage output mode) 

Buffered voltage outputs 

20 mA current output 

APPLICATIONS 

Provides four output channels for proportional controllers, 
strip chart recorders, or any device controlled by either 
+/- 10 volt levels or a 20 mA current loop. 

PROGRAMMING INFORMATION 

VO command: 

VOR command: 

CO command: 

COR command: 

CONFIG command: 

Voltage output to specified channel, in 
millivolts 

Voltage output to specified channel, in 
floating point format (units are volts) 

Current output to specified channel, in 
microamps 

Current output to specified channel, in 
floating point format (units are amps) 

Read output mode of all four channels of 
the selected card. 
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Table 8-1. HP 25510A Specifications (Continued) 

ELECTRICAL CHARACTERISTICS 

Parameter Current (uA) Unipolar Voltage 

Command CO VO 

Command Data 
Range (Integer) 

o to 20477 0 to 10238 

Output Range o to 20475 uA 0 to 10237.5 mV 

Compliance 

Resolution 

Accuracy 
(25 degrees C, 
less than 80% 
relative 
humidity) 

20 V 20 mA 

5 uA 2.5 mV 

+/- 5 uA +/- 2.5 mV 

Accuracy Temperature Coefficient 

Below 80% +/- 0.4 uA/ 
relative humidity degree C 

80 to 95% +/- 0.8 
relative humidity 

Noise RMS +/- 2 uA 
(100 kHz 
bandwidth) 

Settling Time 300 usec 
(-full scale to 
+full scale to 
within 1 LSB) 

Slew Rate 1 mA/usec 

+/- 0.2 mV/ 
degree C 

+/- 0.4 

+ / 1 1 mV 

100 usec 

5 V/usec 

Bipolar Voltage 

VO 

-10240 to 10237 

-10240 to 10235 
mV 

+/- 20 mA 

5 mV 

+/- 5 mV 

+/- 0.4 mV/ 
degree C 

+/- 0.8 

+/- 2 mV 

100 usec 

5 V/usec 

Output 
Protection 

+/- 35 VDC 
across any 
current 
output 

Short or +/- 15 VDC across any 
voltage output 
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Table 8-1. HP 25510A Specifications (Continued) 

ISOLATION: 

400 volts peak (common mode) 

DATA RATE (MAXIMUM): 

31.25 K words/second 

CROSSTALK (attenuation from channel to channel) 

Frequency 
(kHz) 

1 
2 
5 
10 
20 
50 
100 
200 

Attenuation 
(db) 

-82 
-77 
-60 
-51 
-42 
-34 
-29 
-28 

Attenuation Ratio 
V(crosstalk)/V(noise ratio) 

0.00008 
0.00014 
0.001 
0.0028 
0.0079 
0.02 
0.035 
0.04 

To calculate the actual crosstalk ratio: 

V(crosstalk) = V(noise source) x attenuation ratio 

Example: 

The low side of an adjacent channel has 10 VAC, 50 kHz 
of noise. The voltage appearing differentially across 
the channel of interest is 

10 x 0.02 = 200 mY, 50 kHz 



HP 25510A 

Table 8-1. HP 25510A Specifications (Continued) 

PHYSICAL CHARACTERISTICS 

Width: 28.91 cm (11.38 in.) 

Depth: 34.8 cm (13.54 in.) 

He igh t : 3.5 cm (1.38 in.) 

Weight: 680 grams (1.5 lbs) 

The data word from the Channel Selector then passes through the selected 
channel Isolation Transformer and is converted to an analog voltage by 
the 12-bit Digital-to-Analog Converter (DAC). From the DAC the analog 
voltage is sent to it associated output channel. 

The output provides either a unipolar/bipolar voltage source or a 
current source, depending on the positions of the unipolar/bipolar and 
voltage/ current switches on the card. 
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DATA 
BUS 

DATA DATA CHANNEL (PARALLEL) (SERIAL) SELECTOR 
P3 FORMATTER ~ (4 CHANNELS) 

~ 
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Figure 8-2. HP 25510A Functional Block Diagram 
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8.5 REGISTER ASSIGNMENTS 

Register assignments for the DAC card are shown in table 8-2. 

The analog output cards (DACs) perform no input. The data to be output 
is written to the registers on page 5. The output data is a 16 bit 
integer. The specific significance of each bit is: 

Bit 

15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
o 

Vol tage mode 

sign bit 
5. 120 V 
2.560 V 
1.280 V 
0.640 V 
0.320 V 
0.160 V 
0.080 V 
0.040 V 
0.020 V 
0.010 V 
0.005 V 
0.0025 V 
0.00125 V 
unused 
unused 

Current mode 

always set this to zero 
10.240 mA 
5.120 mA 
2.560 mA 
1.280 mA 
0.640 mA 
0.320 mA 
0.160 mA 
0.080 mA 
0.040 mA 
0.020 mA 
0.010 mA 
0.005 mA 
0.0025 mA 
0.00125 mA 
unused 

The card configuration register can be used to tell whether a channel is 
configured for bipolar voltage, unipolar voltage, or current output. 

BIT 

A read of the card status register will always return o. 
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TABLE 8-2. ANALOG OUTPUT REGISTER ASSIGNMENTS 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

PAGE 5 PAGE 6 PAGE 7 PAGE 8 

1 OUTPUT CH. 1 
2 OUTPUT CH. 2 
3 OUTPUT CH. 3 
4 OUTPUT CH. 4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
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TABLE 8-2. ANALOG OUTPUT CARD REGISTER ASSIGNMENTS, CONTINUED 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 9 PAGE 10 PAGE 11 PAGE 12 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 
2 
3 
4 
5 
6 
7 
8 

9 CARD CONFIG 
10 0 
11 CARD STATUS 
12 0 
13 CARD ID REG 
14 0 
15 0 
16 BIF 
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8.6 PIN ASSIGNMENTS AND CABLING 
Table 8-3 shows the signals that are routed to the card connector pins at 
the edge of the card. The connector numbering scheme is shown in figure 
3-11, at the end of Section III of this manual. 

Table 8-3. HP 25510A 1/0 Connector Module Pin Assignments 

CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTION 

A1J1 1 ,2 ID Resistor A1J6 1 Ch. 3, +V/I 
A1J2 1 Ch. 1 , +V/I A1J6 2 Ch. 3 , -VII 
A1J2 2 Ch. 1 , -VII A1J7 1 Ch. 3, +S 
A1J3 1 Ch. 1 , +S A1J7 2 Ch. 3, -S 
A1J3 2 Ch. 1 , -S A1J8 1 Ch. 4, +V/I 
A1J4 1 Ch. 2, +V/I A1J8 2 Ch. 4, -VII 
A1J4 2 Ch. 2, -VII A1J9 1 Ch. 4, +S 
A1J5 1 Ch. 2, +S A1J9 2 Ch. 4, -S 
A1J5 2 Ch. 2, -S 

VII = voltagelcurrent output 
S = remote sense input 

Note that pin 3 of J2 through J9 is not used by the Analog 
Output Card. Pin 3 is not electrically connected to the card, 
but may be used as a connection point for the shield in the 
HP 25551A/B 1/0 Cables. 

The connection between the DAC card and the field wiring is made with one 
of two cables: 

HP 25551A (analog card cable with screw terminations) 

HP 25551B (analog card cable, unterminated) 

8.7 CALIBRATION 

The HP 25510 analog output card (DAC card) should be calibrated any time 
that you change the operating mode (unipolar voltage, bipolar voltage, or 
unipolar current output) of a channel, or after every nine months of 
operation under normal conditions. After calibration, you can verify the 
overall operation of the card by performing the tests described in the HP 
2250 Measurement and Control Processor Diagnostic and Verification 
Manual, part number 25595-90001. 
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The following paragraphs contain specific instructions for calibrating 
the DAC card. 

8.7.1 EQUIPMENT REQUIRED 

To calibrate the DAC card you need the following equipment: 

1) HP 3466A digital multimeter 

OR 

2) a) HP 3455A digital voltmeter 

and 

b) a .25W 100 ohm resistor 

The multimeter is slightly easier to use. 

8.7.2 PRELIMINARY PROCEDURE 

1) Turn the power to the HP 2250 system OFF. 

2) Remove the field wiring assemblies (FWAs) from the HP 25510A DAC 
card. 

3) Remove the DAC card from its slot in the 
switches for each DAC channel to the 
(unipolar voltage, bipolar voltage, or 
The mode switches (one pair per channel) 
edge of the card. 

backplane and set the mode 
desired mode of operation 
unipolar current output). 

are located near the front 

Note that bipolar current output is not a legal option, and that 
such a switch setting will prevent the card from identifying itself 
following a power ON cycle. 

4) Insert the card into its slot and turn power to the HP 2250 system 
ON. Make sure that the system passes self-test. . 

5) Allow the card to reach normal operating temperature. This warm-up 
period is generally 15 minutes,but it can be shorter if the card 
was at operating temperature before you turned off the system 
power. If power was off for 30 seconds or less you don't need to 
allow any extra warm-up time. 

6) At the controller you are using (HP 1000, HP 9826, HP-85, etc.) 
issue the command 

ID(l,n)! 

to the HP 2250, where n is the number of function card slots in 
your HP 2250 system. (If you are using the MCX exerciser program, 

8-13 



HP 25510 

you can enter "CARDS".) This will cause the ID codes of the 
function cards in your system to be returned, and an ID code of 10 
should be returned for the slot that contains the HP 255l0A DAC 
card. 

7) Since a voltmeter can not measure current directly, you will have 
to make special arrangements if you are using a voltmeter (rather 
than a multimeter) and if any of your channels is set for current 
output. This can be done easily using a .25W 100 ohm shunt 
resistor and Ohm's Law. 
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Before you make any current measurements, set your voltmeter to 
measure ohms and measure the value of the resistor. For this 
measurement, connect the resistor directly across the ohms input; 
that way you will avoid including the resistance of the test leads 
in your measurement. We will refer to the measured resistance 
value as "R" in the tables below. 

When you measure the current output from a DAC channel, set the 
voltmeter to measure volts and connect the resistor directly across 
the volts input. Connect the test leads to the current output. 
The test leads and the resistor thus become part of the circuit, 
and the voltmeter makes a direct reading of the voltage drop across 
the shunt resistor. This voltage drop is equal to the product of 
the measured resistance and the current output; that is, E = IR. 
(Clever, eh?) The tables below indicate acceptable ranges for the 
voltages being measured. 



HP 25510 

8.7.3 VOLTAGE AND CURRENT ADJUSTMENTS 

Each channel of the DAC card needs to be adjusted according to the output 
mode selected for that channel. A zero adjustment and a full scale 
adjustment are made for each channel. Do the following: 

1) Make the zero adjustment: 

a) Set up the multimeter/voltmeter to measure voltage or current, 
as is appropriate to the output mode of the channel you are 
calibrating. Select a range compatible with the value in table 
8-2, below. Attach the test leads of the meter to the 
appropriate output points. 

b) Using the exerciser program (MCX, for example) issue the 
appropriate command to the DAC card, as listed in table 8-2. 

c) Adjust the zero potentiometer for the channel until the meter 
reading is in the range specified by the table. 

Table 8-2. Zero Calibration Values 

Mode MCL Command Meter Reading 

UV VO(slot,channel)O! -.001 V to +.001 V 

BV VO(slot,channel)-10240! -10.242 V to -10.238 V 

C CO(slot,channel)5! .003 rnA to .007 rnA 
or .003*R mV to .007*R mV 

UV = unipolar voltage slot = slot number of DAC card 
BV = bipolar voltage channel = channel being 

C = unipolar current calibrated 

R = resistance of shunt resistor (see item 7, above) 
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2) Make the full scale adjustment: 

a) Make sure that the multimeter/voltmeter is set to a range 
compatible with the values in table 8-3, below. 

b) Using the exerciser program, issue the appropriate command, as 
listed in table 8-3. 

c) Adjust the gain potentiometer until the meter reading is in the 
range specified in the table. 

Table 8-3. Full Scale Calibration Values 

Mode MCL Command Meter Reading 

UV VO(slot,channel)l0238! +10.237 V to +10.238 V 

BV VO(slot,channel)10235! +10.233 V to +10.237 V 

C CO(slot,channel)20475! 20.473 rnA to 20.477 rnA 
or 20.473*R mV to 20.477*R mV 

UV = unipolar voltage slot = slot number of DAC card 
BV = bipolar voltage channel = channel being 

C = unipolar current calibrated 

R = resistance of shunt resistor (see item 7, above) 

3) Repeat steps 1 and 2 for each channel. 

4) After all channels have been calibrated, use the exerciser program 
to issue commands to set outputs for all channels at normal levels. 

5) Reconnect the field wiring and resume normal operation. 
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Section IX 
HP 25511A 32-Point Digital Input 

9.1 INTRODUCTION 

This section provides information for the HP 25511A 32-Point Digital 
Input card. Included are specifications and a functional description. 
Installation information for the card is provided in the HP 2250 
Measurement and Control Processor Installation and start-Up Manual, part 
number 02250-90012. 

9.2 DESCRIPTION 
The HP 25511A, shown in figure 9-1, provides 32 digital-input points for 
detecting events and reading input states. When an event occurs, an 
interrupt notifies the processor unit. 

Events are independently defined in the controlling program for each 
input point. Events are defined by sense; i.e., direction of change 
(high to low or low to high) or either direction. The sense conditions, 
input states, and interrupt status are available for the processor unit 
to read at any time. 

The 32 points are divided into two 16-point fields with a separate 
external strobe input for each field. 

Applications for the digital input card include the monitoring of 
processes in industrial and laboratory systems, the monitoring of on/off 
conditions of all types of devices such as motors (through sensing the 
presence or absence of motor winding power), ac or dc relays, and the 
monitoring of digital instruments and digital sensors. 
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22S0-91H 

Figure 9-1. HP 25511A 32-Point Digital Input 
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9.3 SPECIFICATIONS 

Specifications for the HP 25511A are provided in table 9-1. 

Table 9-1. HP 25511A Specifications 

FEATURES 

32 digital input points/two 16-bit fields 

Interrupt detection via programmable mask and transition 
sense registers 

TTL, CMOS high-voltage inputs 

One external strobe per 16-bit field 

Isolated inputs to 230 VAC 

APPLICATIONS 

Monitoring of digital data such as: 

Mechanical or solid state switches 

Coil/winding power sensing on relays and motors 

Instruments or transducers with digital outputs 

Any application in which information is contained in the 
absence or presence or an AC or DC voltage 

HP 25511A 
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Table 9-1. HP 25511 A Specifications (Continued) 

PROGRAMMING INFORMATION 

DI command: 

FI command: 

INTERRUPT 
command: 

RI NT~jRR UPT 

Read a single digital input point, or sequence 
of points 

Read a single digital input field, or sequence 

Enable card interrupts 

command: Read interrupt configuration 

SENSE command: Define interrupt transition sense 

SOVER command: Override transition sense for interrupts 

WPOINT command: Wait for digital input point 

ELECTRICAL CHARACTERISTICS 

EXTERNAL STROBE OPERATION 

Minimum Detectable Input Pulse Width from an External 
Strobe Input: 

1 u sec 

Maximum Effective External Strobe Frequency: 

62.5 kHz 

External Strobe to Input Data Capture Delay: 

2 to 18 usec 
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Table 9-1. HP 25511A Specifications (Continued) 

NON-EXTERNAL STROBE OPERATION 

Minimum Detectable Input Pulse: 

16 usec 

Minimum Setup Time of Data with Respect to an Active Strobe 
Edge: 

o usec 

Minimum Hold Time of Data with Respect to an Active Strobe Edge: 

16 usec 

Input Data Read Time: 

42 usec (23,800 input fields per second) 

Common Mode Rejection Ratio at 60 Hz: 

-45 db 

Common Mode Rejection Ratio at 1 kHz: 

-30 db 

Crosstalk Rejection Ratio: 

60 Hz 1 kHz 

Measured across non-isolated SCM input: -70 db -55 db 

Measured across isolated SCM input: -45 db -30 db 

PHYSICAL CHARACTERISTICS 

Width: 28.91 cm (11.38 in.) 

Depth: 34.8 cm (13.54 in.) 

Height: 3.5 cm (1.38 in.) 

Wei g h t : 680 g ram s (1. 5 1 b s ) 
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9.4 INPUT SIGNAL CONDITIONING 
Signal conditioning modules (SCMs) are used with all inputs. The SCMs 
are mounted on the card before the card is installed in the measurement 
and control unit. The SCMs add components at the input terminals for 
matching external signals to the card inputs. SCMs offer circuit 
isolation or non-isolation and a selection of signal attenuation. The 
SCMs available with the HP 25511A are shown in table 9-2. More 
information on these SCMs is provided in Section XIV. 

Install the SCM, with its component side up, by aligning the guide holes 
in the SCM to the guide pins on the HP 25511A card, and pressing the SCM 
firmly into place. The physical orientation of the guide pins prevents 
improper installation of the SCM. The guide pins a;so serve as spacers 
to keep the SCM elevated from the surface of the card. Refer to the HP 
2250 Installation and Start-Up Manual, part number 02250-90012, for 
further information on installing an SCM. 

9.5 FUNCTIONAL DESCRIPTION 

Figure 9-2 contains a functional block diagram showing the input/output 
buses and the major functions of the HP 25511A. 

The 32 digital input points are provided in two fields identified as 
Field 1 and Field 2. Each field consists of 16 points and an External 
Strobe input. The inputs connect to external field wiring through SCMs. 

In operation, the processor unit writes conditions to and reads results 
or contents from registers on the card. When an event is detected on 
one of the input points, an interrupt (if enabled) notifies the 
processor unit. An interrupt record is saved in a register so the 
processor unit can read it. In addition to monitoring the present 
states, the input points independently detect events by comparing the 
past states with the present states, and determining if any state has 
changed in a selected direction (low levels changed to high levels, or 
high levels changed to lOw). When an event is detected, if the point is 
"unmasked" its corresponding bit in its Interrupt Register will be set 
and an interrupt signal will be sent to the processor unit. The 
interrupt record of events is saved until read by the processor unit, 
which resets the record to zero and clears the interrupt signals. 
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Table 9-2. 

PRODUCT NUMBER 

HP 25531B 
HP 25531C 
HP 25531D 
HP 25531E 
HP 25531K 
HP 255311 

HP 25533B 
HP 25533C 
HP 25533D 
HP 25533E 
HP 25533F 
HP 25533G 
HP 25533H 
HP 25533J 

HP 25535B 
HP 25535C 
HP 25535D 
HP 25535E 
HP 25535K 
HP 255351 

HP 25537P 
HP 25537Q 
HP 25537R 
HP 25537S 
HP 25537T 
HP 25537U 
HP 25537V 
HP 25537W 

SCMs Available for Use with the HP 25511A 

DESCRIPTION 

5 VDC Non-Isolated Source Strobe 
12 VDC Non-Isolated Source Strobe 
24 VDC Non-Isolated Source Strobe 
48 VDC Non-Isolated Source Strobe 
5 VDC Non-Isolated Sink Strobe 
12 VDC Non-Isolated Sink Strobe 

5 VDC Isolated Strobe 
12 VDC Isolated Strobe 
24 VDC Isolated Strobe 
48 VDC Isolated Strobe 
72 VDC Isolated Strobe 
120 VDC/72 VAC Strobe 
1 1 5 VAC Strobe 
230 VAC Strobe 

5 VDe Non-Isolated Source Input 
12 VDC Non-Isolated Source Input 
24 VDC Non-Isolated Source Input 
48 VDC Non-Isolated Source Input 
5 VDe Non-Isolated Sink Input 
12 VDC Non-Isolated Sink Input 

5 VDe Isolated Input 
12 VDC Isolated Input 
24 VDC/16 VAC Isolated Input 
48 VDC Isolated Input 
72 VDC Isolated Input 
120 VDC/72 VAC Lsolated Input 
115 V AC Isolated Input 
230 VAC Isolated Input 

HP 25511A 
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NOTE: ALL REGISTER NAMES ARE IN ITALICS. THESE REGISTERS L .---
INTERRUPT 

ARE "WRITTEN TO" AND "READ FROM" AS LISTED IN THe FLIP·FlOP I 
P1 

READ REGISTER AND WRITE REGISTER BLOCKS. THE 
DIAGRAM SHOWS THE FUNCTIONAL FLOW OF DATA USING 

i THE REGISTERS (NOTE SIGNAL FLOW THROUGH CIRCUIT 
BLOCKS). 

EVENT DETECTOR 
UNMASK GATES READ REGISTERS 

REGISTERS: & EVENT STORAGE FIELD 1 SENSE 

~ FIELD 1 SENSE ---. REGISTERS FIELD 2 SENSE 
FIELD 1 SENSE UNMASK FIELD 1 FIELD 1 SENSE OVERRIDE 

INPUT SIGNAL OVERRIDE INTERRUPTS FIELD 2 SENSE OVERRIDE 
CONDITIONING FIELD 1 FIELD 1 UNMASK 
MODULES FIELD 2 UNMASK .--- INPUT POINTS '-16 I---

FIELD 1 INPUT STATE INPUTPOINrs 17-32 t--
I I STORAGE INPUT FIELD 1 

POINTS HI POINTS 1-4 r---. INPUT REGISTERS; iNPUT FJELD 2 
A1 BUFFERS INPUTPOfNTS 1-16 INTERRUPTS FIELD 1 

I POINTS 5-8 I INPUT FIELD 1 INTERRUPTS FIELD 2 
CARD CONFIGURATION 

POINTS 9-16 i 
CARD STATUS DATA 

I POINTS 9-12 I CARD IDENTIFICATION 01·016 

~ a A2 
.3 

~ I POINTS 13-16 I EXT. STROBE STROBE ~ 
~ EXT. STROBE 

f-----
DETECTOR SELECTOR :l ii A1 

I I 
REGISTER: ----. REGISTER: 

~ 
EXT. STROBE CARD CARD INTERNAL STROBE ~ 

CONFIGURA- CONFIGURATION WRITE REGISTERS " 0: TlON FIELD 1 SENSE :il 
0 FIELD 2 SENSE 0 

!: CARD REGISTERS FIELD 1 SENSE OVERRIDE I- ~ 

~ CARD STATUS FIELD 2 SENSE OVERRIDE I--- 1l 
CARD 10 FIELD 1 UNMASK ... 

:> FIELD 2 UNMASK " CARDCONFIGURATJO z 0 CARD CONFIGURATION 0 0 
~ § 
~ 2 
~ EXT. STROBE STROBE 

INTERNAL STROBE i! 
Iil FIELD 2 I I DETECTOR 

POINTS 11·24 POINTS 11-20 SELECTOR 2 '------. REGISTER: ----. REGISTER: 2 
A3 CARD 0 

I I CARD 

" POINTS 21·24 CONFIGUR-
CONFIGURATION g ATION 

1 POINTS 25-32 I POINTS 25·28 I 
A" 

I POINTS 29-32 I CONTROL 
INPUT STATE EXT. STROBE • ADDRESSING P2 

A3 ----. INPUT STORAGE 
_TIMING I EXT. STROBE I BUFFERS REGISTERS: L--
• CONTROL ENABLE 

INPUT~OINTS 17-32 
• HANDSHAKE " INPUT FIELD 2 -

EVENT DETECTOR UNMASK GATES 

-. REGISTERS: ----. & EVENT STORAGE ACPOWER 
FJELD 2 SENSE REGISTERS: 

+12 VDC 
FIELD 2 SENSE UNMASK FJELD 2 .-- POWER 

., 
INTERRUPTS FIELD 2 SUPPLY DPW" 

~ 
P2 

'---

INTERRUPT 
FLIP-FLOP 

2250-92L 

Figure 9-2. HP 25511A Functional Block Diagram 
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You exercise control over the card functions through writing and reading 
data to and from the various registers. The registers are identified by 
number under "Register Addressing" in Chapter 3 of this manual. 

9.5.1 Input Point Data 

Inputs from the field wiring enter the card through the plug-on SCMs. 
Bach input SCM accomodates four contiguous pOints, and four SCMs cover 
one of the two 16-point fields. SCMs are selected by you to match 
signal levels, and to provide signal isolation, if desired. Several 
different types and ranges may be selected (see table 9-2). 

Internal or external strobes can be employed independently on the two 
fields to determine when the input states will be stored in the Input 
Point Registers and Field Registers. Input states are stored in both 
Point Registers and Field Registers so they can be returned to the 
processor unit in either format. If only one or a few points are of 
interest, point reading will be faster than sorting the desired points 
out of a field read. 

The external strobe allows you to make sure that only valid data is 
being input after external adjustments have been made. The state of 
each point at the moment a strobe occurs becomes the current or present 
state of that point. The external strobe is used only for reading the 
input states and has no effect on event detection. Event detection is 
performed by an independent circuit that samples the input state every 
16 microseconds. Nothing is allowed to interfere with this sampling. 

Whether or not the external strobe is used to specify when inputs ara 
valid, the time at which the valid inputs are read is determined by an 
internal measurement strobe. This internal strobe is normally issued at 
the time of the read command; however, it can be delayed in order to set 
up several cards to be read at the same time. The cards are read when 
they are strobed concurrently. (This is explained under "INPUT TIMING" 
below. ) 

9.5.2 Status Readback 

The card status register contains a "Strobe Wait for Data" bit (Bit 0 
for field 1, and Bit 1 for field 2). When the bit is set, it means that 
the corresponding field is waiting for a strobe to input new data, after 
the previous read has completed. When it is clear, it means that the 
card has not yet read previous data and cannot accept new data. 
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9.5.3 Events 

An event occurs when an input changes state either in a specified 
direction (Sense Register) or both directions (Sense Override Register). 
When the selected direction occurs on an unmasked point, the occurrence 
is recorded in the Interrupt Register for the point. If it is the first 
event in a series (the register was previously cleared) an interrupt 
message goes to the processor unit. 

The 16-bit event detection registers contain one bit of information for 
each of the 16 points of two fields (one register of each type per 
field. The event detection registers are the following: 

SENSE REGISTER: Selects one of two directions for events. 

SENSE OVERRIDE REGISTER: Allows both directions for events when 
set. 

UNMASK REGISTER: Selects which points may cause an interrupt. 

INTERRUPTS REGISTER: Records which unmasked points had an event. 

An input change is detected by examining each input every 16 
microseconds to see if the present state differs from the past state. 
The event detector compares the direction of change with the desired 
direction of change as specified in the Sense Register and Sense 
Override Register. The sense bit to allow an event is a logic 1 for a 
low-to-high change, and it is a logic 0 for a high-to-low change. 

For example, if a point has a state of 0 (low) and the sense bit for it 
is 1, a change from low-to-high (0 to 1) will be an event. Conversely, 
if a point has a state of 1 (high) and the sense bit or it is 0, a 
change from high-to-Iow (1 to 0) will be an event. Opposite changes 
will not result in events. 

If the corresponding bit in the Sense Override Register is set to a 
logic 1, the effect of the sense bit will be cancelled so that all 
changes will qualify as events. To summarize, if either the sense 
override bit is set or the present state is the same as the sense bit, 
an event has occurred if the present state differs from the past state. 
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9.5.4 Unmasking Events 

When an event bit for an input point is generated, it is passed as an 
interrupt if the corresponding bit in the Unmask Register is "true." The 
Unmask Registers are 16-bit registers with bits corresponding to each 
point of Field 1 and Field 2, respectively. If the bit is (1), the 
point is "unmasked" and the bit is passed through and recorded for that 
point in its Interrupt Register. If the bit is (0), the point is 
"masked" and the event bit is not passed through. 

9.5.5 Interrupt Recording 

An event bit is stored in an Interrupt Register if it is the first one 
after a register reset to zero. If a bit for that point is already 
stored, nothing is changed by another event bit. The first event for 
any point after a reset to zero will set the Interrupt Flip-Flop which 
notifies the processor unit, through the Function Card Backplane, that 
an event has occurred. The card's Interrupt Enable bit must be set in 
order for the interrupt to propagate through to the processor unit. 

Both the Interrupt Register and Interrupt Flip-Flop are reset, or 
cleared, when the Interrupt Register is read. The clearing is done in 
such a way that any event occurring during the read and clear will not 
be lost. It will either be included in the simultaneously occurring 
read, or it will be stored in the register for the next read. 

9.5.5.1 Event Detection 

An event will be detected according to the summary shown in table 9-3, 
which shows changes in input signal level versus corresponding register 
bits, and whether an event resulted. 
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9.5.6 Timing 

9.5.6.1 Register Timing 

The registers are timed to operate serially at 1 microsecond per bit so 
that reads or writes to 16 pOints requires 16 microseconds. Backplane 
signals are asynchronous to card time; therefore, reading and writing is 
made a constant 33 microsecond period to allow sychronization of the 
card. Added to this time there is a backplane overhead time of 8 
microseconds. 

Table 9-3. Event Summary 

INPUT SENSE SENSE EVENT 
SIGNAL OVERRIDE 

f 1 o or 1 YES 

\-. 1 o or 1 YES 

f 0 1 YES 

~ 0 1 NO 

\-. 0 0 YES 

f 0 0 NO 
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9.5.6.2 Input Timing 

The Card Configuration Register is used to select either the 
non-external strobe mode or the external strobe mode and the strobe 
polarity. Bit 0 and Bit 1 select the strobe mode for Field 1 and Field 
2, respectively. A logic 0 selects the non-external strobe mode, and 
logic 1 selects the external strobe mode. The external strobe polarity 
is selected by Bit 8 and Bit 9 for Field 1 and Field 2, respectively. 
When set to logic 1 the input states latch on the rising edge of the 
strobe, and when set to logic 0 the inputs latch on the falling edge of 
the strobe. 

There are two program variations for strobes to input data, store it in 
a register, and read it. This is to provide commands to "read with 
measurement strobe" or "read without measurement strobe" for immediate 
or delayed data reading, respectively. A measurement strobe is the 
internal strobe signal. 

Figure 9-3 illustrates the non-external strobe mode where the internal 
measurement strobe stores the input data. As in cycle 1, every time 
there is a measurement strobe and a read command together (read with 
measurement strobe), the present data is returned as valid data. As in 
cycle 2, when the measurement strobe is omitted (read without 
measurement strobe) the previous data (cycle 1) is returned since no new 
data was stored. The "read without measurement strobe" will cause data 
to be input on the next measurement strobe but from then on the 
measurement strobe is disabled until the stored data is read, as shown 
in cycles 3 through 5. The measurement strobe is reenabled for cycle 6 
since the data was read in cycle 5. Optionally, cycle 6 may have a 
"read with measurement" strobe to return data immediately" or the read 
command may be omitted for delayed reading as shown. 

When a field or point has been configured to the external strobe mode, 
the operation is similar to the non-external strobe mode, described 
above, except that the external strobe substitutes for the measurement 
strobe to input data. External strobe operation is illustrated in 
figure 9-4. 
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NO EX '1' • STROBE MODE (CONFIG. REG. : FLD. 1 BIT 0=0 OR FLD. 2 BIT 1=0 

OCCURRENCE IMMEDIATE NO DELAYED READ REENABLED 
READ STROBE STROBE 

(FIELD 1 
OR FIELD 2) CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 CYCLE 5 CYCLE 6 

Input Data 1 A 2 3 A 4 A 5 6 A Meas. Strobe N°IE NONE 
Input Read A NONE NONE A NONE 
Stored Data 1 1 3 3 3 6 
Data Read 1 1 NONE NONE 3 NONE 

h ~ .. ~~ ,~ " ~ 

Norma 1 read with meas. Reenabled meas. 
strobe where present strobe stores 
data is returned as data without 
valid data. read command. 

Optionally, this 
data could be 
read in cycle 6 • 

Read without measurement 
strobe. Data from previous 
meas. strobe returned. 

Read command without 
meas. strobe returns 
delayed data and re-

Delayed measurement strobe enables strobe. If 
stores new data. However,further there were a "read 

strobes disabled until with meas. strobe, " meas. are 
the data from cycle 3 is read. Data 5 would be 

stored and returned. 

r~easurement strobe is disabled and 
will store no new data. 

Figure 9-3. Non-External Strobe Mode Operation 
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EXT. STROBE MODE (CONFIG. REG. : FLD. 1 BIT 0= 1 OR FLD. 2 BIT 1 = 1 ~ 

OCCURRENCE IMMEDIATE READ DELAYED READ IMMEDIATE READ 
(FIELD 1 
OR FIELD 2 ) CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 CYCLE 5 CYCLE 6 CYCLE 7 

Input Data 1, 2, 3, 4, 5, 6, 7, 
Ext. Strobe 
Stored Data 1 , 2 , 3 3 3 , 6 , 7j, 
Input Read , NONE, NONE, j, j, Meas. Strobe NONE NONE 
Data Read 1 2 NONE NONE 3 6 7 

'Il ,~ 
" 

~, ,~ " " 

Normal read with 
meas. strobe. 
Input data from 
the ext. strobe 
is returned. 

Read without measure- Data stored 
ment strobe. Data is using exter-
ret urne·d but the next nal strobe, 
measurement strobe that and read 
occurs without an 
accompanying read com-
mand will disable 
further ext. strobes. 

Ext. strobe still 
disabled. Read com-
mand returns cycle 

Data is stored from the ext. 3 data and enables 
strobe but the measurement subsequent external 
strobe is not accompanied by strobes. 
a read command, and therefore 
disables further ext. strobes. 

Until a read command occurs, all 
strobes are disabled, and no data 
will be stored or returned. 

Figure 9-4. External Strobe Mode Operation 

9 -1 5 



HP 25511 

In cycle 1 there is an external strobe and data is input. This data is 
read using the "read with measurement strobe" command. In cycle 2 data is 
input with the external strobe but this time a "read without measurement 
strobe" command is used. Therefore, the next external strobe inputs data 
as shown in cycle 3, and since there is no read command the external 
strobe is ignored in cycles 4 and 5. A read command in cycle 5 returns 
the stored data of cycle 3 and reenables the external strobe for cycle 6. 

9.6 REGISTER ASSIGNMENTS 

Register assignments for the digital input card are shown in table 9-4. 

The raw data available from the register addresses on pages 1 and 2 of a 
digital input card are the current values of the input points. These 
values are either 0 or 1 for each point; the higher 15 bits of the data 
word returned will always be O. 

The only register addresses on pages 9-12 that have any significance on 
the digital input cards are as shown in the diagram. Reading from these 
addresses returns the current input values for each input field. Field 1 
is defined as points 1 through 16, field 2 is points 17 through 32, the 
lowest numbered point being in the least significant bit of the field. 

Page 13 holds the interrupt mask and sense register addresses. 

The card configuration register of the digital input card is used to 
configure for external strobe. 

Bit Meaning 

o Enable external strobe for Field 1 
1 Enable external strobe for Field 2 
2-7 Undefined 
8 If bit 0 is set, bit 8 sets the type of transition 

for the strobe: if bit 8 is set, use the rising 
edge; if bit 8 is clear, use the falling edge. 

9 If bit 1 is set, bit 9 sets the type of transition 
for the strobe: if bit 9 is set, use the rising 
edge; if bit 9 is clear, use the falling edge. 

10-31 Undefined 

If bit 0 of the status register is true, it indicates that field 1 is 
waiting for the external strobe or an internal trigger. Bit 1 has the 
same meaning for field 2. The remainder of the bits of the status 
register have no meaning. 
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TABLE 9-4. DIGITAL INPUT REGISTER ASSIGNMENTS 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1 POINT 1 POINT 17 
2 POINT 2 POINT 18 
3 POINT 3 POINT 19 
4 POINT 4 POINT 20 
5 POINT 5 POINT 21 
6 POINT 6 POINT 22 
7 POINT 7 POINT 23 
8 POINT 8 POINT 24 

9 POINT 9 POINT 25 
10 POINT 10 POINT 26 
11 POINT 11 POINT 27 
12 POINT 12 POINT 28 
13 POINT 13 POINT 29 
14 POINT 14 POINT 30 
15 POINT 15 POINT 31 
16 POINT 16 POINT 32 

PAGE 5 PAGE 6 PAGE 7 PAGE 8 

1 
2 
3 
4 
5 
6 
7 
8 

. 
9 

10 
11 
12 
13 
14 
15 
16 
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TABLE 9-4. DIGITAL INPUT REGISTER ASSIGNMENTS, CONTINUED 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 9 PAGE 10 PAGE 11 PAGE 12 

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

9 
10 
11 
12 
13 
14 
15 
16 

PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 SENSE 1 UNMASK 1 INTERRUPTS 1 
2 SENSE 2 UNMASK 2 INTERRUPTS 2 
3 OVERRIDE 1 
4 OVERRIDE 2 
5 
6 
7 
8 

9 CARD CONFIG 
10 0 
11 CARD STATUS 
12 0 
13 CARD ID REG 
14 0 
15 0 
16 BIF 
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9.7 PIN ASSIGNMENTS AND CABLING 

Table 9-5 shows the signals that are routed to the card connector pins on 
the edge of the card. The connector numbering scheme is shown in figure 
3-11, at the end of Section III of this manual. 

Table 9-5. HP 25511A I/O Connector Module Pin Assignments 

CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTION 

AIJI 1,2 R=147 ohms A3Jl 1,2 R=147 ohms 
A1Jl 3 F1d. 1 Strobe A3Jl 3 F1d. 2 Strobe 
A1J1 4 Strobe Gnd. A3Jl 4 Strobe Gnd. 
A1J2 1 Pt. 1 + A3J2 1 Pt. 17 + 
AIJ2 2 Pt. 1 - A3J2 2 Pt. 17 -
AIJ2 3 Pt. 2 + A3J2 3 Pt. 18 + 
AIJ2 4 Pt. 2 - A3J2 4 Pte 18 -
AIJ5 1 Pt. 3 + A3J5 1 Pt. 19 + 
AIJ5 2 Pt. 3 - A3J5 2 Pt. 19 -
AIJ5 3 Pt. 4 + A3J5 3 Pt. 20 + 
A1J5 4 Pt. 4 - A3J5 4 Pt. 20 -
AIJ6 1 Pt. 5 + A3J6 1 Pt. 21 + 
AIJ6 2 Pte 5 - A3J6 2 Pte 21 -
A1J6 3 Pt. 6 + A3J6 3 Pt. 22 + 
AIJ6 4 Pt. 6 - A3J6 4 Pt. 22 -
AIJ9 1 Pt. 7 + A3J9 1 Pt. 23 + 
AIJ9 2 Pte 7 - A3J9 2 Pte 23 -
A1J9 3 Pte 8 + A3J9 3 Pt. 24 + 
AIJ9 4 Pte 8 - A3J9 4 pt. 24 -

A2J1 1,2 R=147 ohms A4Jl 1,2 R=147 ohms 
A2Jl 3,4 NOT USED A4Jl 3,4 NOT USED 
A2J2 1 Pt. 9 + A4J2 1 pt. 25 + 
A2J2 2 Pt. 9 - A4J2 2 Pt. 25 -
A2J2 3 Pte 10 + A4J2 3 Pt. 26 + 
A2J2 4 Pt. 10 - A4J2 4 Pt. 26 -
A2J5 1 Pt. 11 + A4J5 1 pt. 27 + 
A2J5 2 Pt. 11 - A4J5 2 Pt. 27 -
A2J5 3 Pt. 12 + A4J5 3 Pt. 28 + 
A2J5 4 Pt. 12 - A4J5 4 Pt. 28 -
A2J6 1 Pt. 13 + A4J6 1 Pt. 29 + 
A2J6 2 Pt. 13 - A4J6 2 Pt. 29 -
A2J6 3 Pt. 14 + A4J6 3 Pt. 30 + 
A2J6 4 Pt. 14 - A4J6 4 Pt. 30 -
A2J9 1 pt. 15 + A4J9 1 Pt. 31 + 
A2J9 2 Pte 15 - A4J9 2 Pt. 31 -
A2J9 3 Pt. 16 + A4J9 3 Pt. 32 + 
A2J9 4 Pt. 16 - A4J9 4 Pt. 32 -
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The connection between the digital input card and the field wiring is 
made with one of two cables: 

HP 25550A (digital card cable with screw terminations) 

HP 255508 (digital card cable, unterminated) 
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Section X 
HP 25513A 32-Point Digital Output 

10.1 INTRODUCTION 
This section provides information for the HP 25513A 32-Point Digital 
Output card. Included are specifications and a functional description. 
Installation information for the card is provided in the HP 2250 
Measurement and Control Processor Installation and Start-Up Manual, part 
number 02250-90012. 

10.2 DESCRIPTION 

The HP 25513A, shown in figure 10-1, provides 32 points which switch 
states independently. The high and low (open and closed) switched 
states are matched to the application requirements by signal 
conditioning modules (SCMs). The 32 points are divided into two fields 
of 16 points each. Each field includes an external strobe input so that 
output state changes can be synchronized with the application. 

10.3 SPECIFICATIONS 
Specifications for the HP 25513A are provided in table 10-1. 
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22S0-9SH 

Figure 10-1. HP 25513A 32-Point Digital Output 

10-2 



HP 25513A 

Table 10-1. HP 25513A Specifications 

FEATURES 

32 digital output points 

Channels programmed independently or as two 16-bit fields 

External strobe can synchronize output changes to an external 
event (one per 16-bit field) 

AC/DC switching to 60 V peak (42 VAC), 400 rnA peak 

AC zero voltage switching to 120 VAC, 1.5 A peak (16 channels, 
maximum) 

APPLICATIONS 

Provides solid state switching of AC and DC loads such as 
lamps, relays, solenoids, TTL, CMOS, displays, and small 
AC/DC motors. 

PROGRAMMING INFORMATION 

DO command: Write sequential digital outputs 

RDO command: Read sequential digital outputs 

FO command: Write sequential digital output fields (16 bits) 

RFO command: Read sequential digital output fields (16 bits) 

ELECTRICAL CHARACTERISTICS 

LOADS: 

Resistive or inductive 

OUTPUT DATA UPDATE TIME: 

24 usec 
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Table 10-2. HP 2551;A Specifications (Continued) 

MAXIMUM EFFECTIVE EXTERNAL STROBE FREQUENCY: 

41.7 kHz 

MAXIMUM EXTERNAL STROBE TO OUTPUT DELAY: 

2 usec 

CROSSTALK REJECTION RATIO (100 K ohm load, channel-to-channel) 

60 Hz: -62 db 

1 kHz: -45 db 

5 kHz: -30 db 

10 kHz: -26 db 

PHYSICAL CHARACTERISTICS 

Width: 28.91 cm (11.38 in.) 

Depth: 34.8 cm (13.54 in.) 

Height: 3.5 cm (1.38 in.) 

Wei g h t : 680 g ram s (1. 5 1 b s ) 

10.4 SIGNAL CONDITIONING 

The HP 25513A can drive a variety of logic circuits through the use of 
signal conditioning modules (SCMs). SCMs are available for such 
application requirements as isolated or non-isolated outputs, DC, AC, 
and AC/DC switches. SCMs available with the HP 25513A are shown in 
table 10-2. More information on these SCMs is provided in Section XIV. 
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Table 10-2. 

PRODUCT NUMBER 

HP 25531B 
HP 25531C 
HP 25531D 
HP 25531E 
HP 25531K 
HP 25531L 

HP 25533B 
HP 25533C 
HP 25533D 
HP 25533E 
HP 25533F 
HP 25533G 
HP 25533H 
HP 25533J 

HP 25539A 
HP 25539E 
HP 25539G 
HP 25539H 
HP 25539J 

HP 25543N 

HP 25544A 
HP 25544B 
HP 25544C 

HP 25545P 

SCMs Available for Use with the HP 25513A 

DESCRIPTION 

5 VDC Non-Isolated Source Strobe 
12 VDC Non-Isolated Source Strobe 
24 VDC Non-Isolated Source Strobe 
48 VDC Non-Isolated Source Strobe 
5 VDC Non-Isolated Sink Strobe 
12 VDC Non-Isolated Sink Strobe 

5 VDC Isolated Strobe 
12 VDC Isolated Strobe 
24 VDC Isolated Strobe 
48 VDC Isolated Strobe 
72 VDC Isolated Strobe 
120 VDC/72 VAC Strobe 
115 V AC Strobe 
230 VAC Strobe 

Relay Arc Suppression Breadboard 
30 VDC Load Relay Arc Suppression 
24 VAC Load Relay Arc Suppression 
115 VAC Load Relay Arc Suppression 
230 VAC Load Relay Arc Suppression 

60 VDC/42 VAC Isolated Output 

Open Drain, Non-Isolated Output 
5 VDC Non-Isolated Output 
12 VDC Non-Isolated Output 

115 VAC Isolated Output 

HP 25513A 
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The types of SCMs used determine the number of points per I/O Connector 
Module, and the number of points available for field wiring. The SCMs 
for DC outputs contain four pOints, and SCMs for AC outputs contain two 
points (AC SCNs divide the number of available points by two). Both AC 
and DC SCMs can be installed on the same card. 

SCMs are mounted on the card before the card is installed in the 
measurement and control unit. Install the SCM, with its component side 
up, by aligning the guide holes in the SCM to the guide pins on the HP 
2551}A card, and pressing the SCM firmly into place. The physical 
orientation of the guide pins prevents improper installation of the SCM. 
The guide pins also serve as spacers to keep the SCM elevated from the 
surface of the card. Refer to the HP 2250 Installation and Start-up 
Manual, part number 02250-90012, for further information on installing 
an SCM. 

There are two terminals per output point which differ in location on the 
I/O Connector Modules according to whether it is an AC or DC point. The 
terminals for DC points may be used for reference in locating terminals 
for AC points. 

The DC SCMs have plus and minus connections (the minus connection is 
ground in non-isolated SCMs), and AC SCMs have two non-polarized 
terminals. The AC terminal pairs correspond with the odd-numbered plus 
(+) DC terminals and the even-numbered minus (-) DC terminals. For 
example, an AC SCM may connect to the terminals corresponding to DC 
point 1 (+) to DC point 2 (-), and another from DC point 3 (+) to DC 
point 4 (-). AC and DC SCMs can be mixed on the same card. 

AC SCMs output data is addressed to the odd-numbered (+) DC point 
register locations. If an even-numbered DC point register location is 
addressed which is connected to an AC SCM, there will be no output 
response. This should be kept in mind when mixing SCMs on the same card 
in order to facilitate the programming of sequential points. That is, 
position all the DC SCMs together and the AC SCMs together, unless there 
is some reason not to, such as combining DC and AC outputs with the same 
external strobe input. 

Be sure to identify the terminals of any two-point AC SCMs to prevent 
errors in field wiring and programming. 

10.5 FUNCTIONAL DESCRIPTION 
Figure 10-2 contains a functional block diagram showing the input/output 
buses and the major functions of the HP 25513A. 
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NOTE: ALL REGISTER NAMES ARE IN ITALICS. THESE REGISTERS 
ARE "WRITTEN TO" AND "READ FROM" AS LISTED IN THE 
READ REGISTER AND WRITE REGISTER BLOCKS. THE 
DIAGRAM SHOWS THE FUNCTIONAL FLOW OF DATA USING 
THE REGISTERS (NOT SIGNAL FLOW THROUGH CIRCUIT 
BLOCKS). 
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The 32 digital output points are provided in two fields identified as 
Field 1 and Field 2. Individual points of the two fields can be 
programmed separately. Each field consists of 16 points with an 
External Strobe input. The outputs connect to the external field wiring 
through the seMs. 

The programmed states of the output field points (high or low levels) 
are stored in rank 1 of the Output Field Register and move to rank 2 
when internally or externally strobed. Rank 2 drives the output lines 
connecting to the field wiring. 

You exercise control of the card functions through writing and reading 
data to and from the various registers. The registers are identified 
and described under "Register Addressing" in Section III. 

10.5.1 Output Point Data 

You may write output point data either one point at a time to the 
appropriate output point register or 16 points concurrently as a field 
to the output field register. A logic 1 closes the output switch, and a 
logic 0 opens (clears) clears it. 

Initially at "power on" or processor unit reset, all outputs will be 
open (clear); i.e., the data word in the output point registers will be 
alIOs. 

For the 16-bit output field register, the 1 or 0 value of each bit is 
the data for the corresponding output point. The least significant bit 
corresponds with the lowest numbered point, the next least significant 
bit corresponds with the next to the lowest numbered point, etc. 

The output field (output point data) is moved through two stages (or 
ranks) of the Output Field Register to reach the output lines. This 
allows the time that the data reaches the output lines to be precisely 
controlled. 

When the data is written, it is stored in the first rank as soon as the 
output command is executed but it is not necessarily transferred 
immediately to the second rank which drives the output switches. A 
measurement strobe or measurement strobe plus external strobe, depending 
on internal or external strobe programming, is required. The 
measurement strobe can be requested with the write command (write with 
measurement strobe) or it can be delayed (write without measurement 
strobe). Internal and external strobe timing is described below under 
"STATE TIMING." 
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Output data is written to the card as a single word. An output register 
read returns the contents of the second rank (the output states). 

10.5.2 Status Readback 

Output data is written to the card as a single word. An output register 
read returns the contents of the second rank (the output states). The 
read can be by the field or one point at a time. 

The Card Status Register contains "Strobe Wait for Data" bits. Bit 0 is 
for field 1 and Bit 1 is for field 2. When the bit is set, new data has 
entered the Output Field Register Rank 1. When the bit is clear, the 
new data has been strobed into rank 2. 

10.5.3 Timing 

10.5.3.1 Register Timing 

The registers are timed to operate serially at 1 microsecond per bit so 
that reads or writes to 16 points requires 16 microseconds. A backplane 
write and execution takes 16 shift cycles and one store cycle for a 
total time of 17 microseconds plus the backplane overhead time of 8 
microseconds (25 microseconds total). 

10.5.3.2 State Timing 

The internal or external strobe is selected on the card according to the 
conditions specified in the Card Configuration Register. The programmed 
condition for Field 1 is in the register's LSB (Bit 0), and for Field 2 
it is in the next LSB (Bit 1). The bits equal logic 0 for internal 
strobe and logic 1 for external strobe. 

The latching polarity of the external strobe is selected by the 
condition in Bit 8 for Field 1 and Bit 9 for Field 2 of the Card 
Configuration Register. Assuming the external strobe mode is 
programmed, then a Logic 1 in bit 8 or 9 of the card configuration 
register will cause the corresponding ~utput field to be strobed to rank 
2 on the rising edge of the strobe. Similarly, a Logic 0 in these bits 
strobes on the falling edge. 
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When the external strobe mode is disabled, 
strobe" stores new data in rank 1 and 
immediately. A "write without measurement 
rank 1 but the transfer of data from rank 1 

a "write with measurement 
transfers it to rank 2 

strobe" stores new data in 
to rank 2 is delayed. 

Writing without a measurement strobe allows several cards to 
with data, or several single channel changes to be made 

be set up 
in sevel'al 
be changed wr i t e s , and the nth e 0 u t put 0 naIl the car d s c an 

simultaneously. 

With external strobe enabled, when a point or or field is set up with a 
"write with measurement strobe," the external strobe immediately 
following the internal measurement strobe will transfer the rank 1 data 
to rank 2 and the output. However, if the card is set up with the 
external strobe enabled and a "write without measurement strobe" is used 
to input new data into rank 1, the old state remains constant in rank 2. 
An internal strobe must activate the external strobe, then the next 
external strobe will move new data from rank 1 to rank 2. That is, 
external strobes must be preceded by an internal strobe to be effective. 

The examples shown in figure 10-3 show fields of data which are output 
with the card configured for both the internal strobe mode and external 
strobe mode with several conditions: 

10-10 

The Configuration Register is written to, setting Bit 0=0 for 
Field 1 and Bit 1=0 for Field 2, and the external strobe for the 
field is disabled. Cycle 1 starts with a "write with measurement 
strobe" command and the transfer of data to the output is 
immediate. 

Cycle 2 is a "write without measurement strobe" command, and the 
state is stored in rank 1, waiting for a strobe. Data 2 is output 
following the internal strobe which occurs in Cycle 3, since the 
data in rank 1 was not changed. 

The Configuration Register is written to, setting Bit 0=1 and Bit 
1=1 for the selected field or fields, which enables the external 
strobe mode. 

Cycle 4 begins with a "write with measurement strobe" and Data 4 
is stored in rank 1. The stored data moves to Rank 2 and output 
on the following external strobe. 

Cycle 5 begins with a "write without measurement strobe" and Data 
5 is written into rank 1. The following external strobe has no 
effect on storing Data 5 in rank 2 since the internal strobe was 
omitted. In Cycle 6 the internal strobe is supplied, and the 
following external strobe moves Data 5 into rank 2 and the output. 



HP 25513 

WRT EXTERNAL STROBE OFF WRT EXTERNAL STROBE ON 
* * 

OCCURRENCE CYC LE 1 CYCLE 2 CYCLE 3 CYCLE 4 CYCLE 5 CYCLE 6 

Write Config. 0 1 
Write Data 1 2 NONE 4 5 NONE 
Rank 1 Data 1 2 2 4 5 5 
Meas. Strobe A NONE A A NONE A 

Ext. Strobe A A A 

Rank 2 Data 1 1 2 4 4 5 
Output 1 1 2 4 4 5 

*Write to Configuration Register Bit o. 

Figure 10-3. Outputs with Various Strobe Conditions 
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10.6 REGISTER ASSIGNMENTS 

Register assignments for the digital output card are shown in table 10-3. 

The digital output card reads no external inputs. 

The register addresses on pages 5 and 6 are the point output register 
addresses. Writing to these addresses will cause the corresponding 
output point to output the value of the lowest bit in the register (bit 
0). Reading from these addresses will give the current output value of 
that point, which will be either 0 or 1. 

The only addresses used on pages 9-12 are as shown. These addresses are 
for field outputs; writing to them will cause the written value to be 
output on points 1 through 16 for field 1, points 17 through 32 for field 
2; reading from them will give the current output value for the 
corresponding field. The least significant bit corresponds to the lowest 
numbered point in the field. 

The card configuration is used to configure the card for external strobe. 
The meaning of the bits is as follows. 

Bit Meaning 

o Enable strobe for Field 1 
1 Enable strobe for Field 2 
2-7 Undefined 
8 If bit 0 is set, this bit controls which transition 

of the strobe to use. If bit 8 is set, the rising 
edge of the strobe is used. If bit 8 is clear, 
the falling edge of the strobe is used. 

9 Bit 9 controls the valid transition of the strobe 
for field 2 just like bit 8 does for field 1. 

10-31 Undefined 

There are three meaningful bits in the card status register. If bit 0 is 
set, field 1 is waiting for an external strobe signal or an internal 
trigger. If bit I is set, field 2 is waiting for an external strobe or 
an internal trigger. If bit 15 is set, the card is busy. 
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TABLE 10-3. DIGITAL OUTPUT REGISTER ASSIGNMENTS 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

PAGE 5 PAGE 6 PAGE 7 PAGE 8 

1 POINT 1 POINT 17 
2 POINT 2 POINT 18 
3 POINT 3 POINT 19 
4 POINT 4 POINT 20 
5 POINT 5 POINT 21 
6 POINT 6 POINT 22 
7 POINT 7 POINT 23 
8 POINT 8 POINT 24 

9 POINT 9 POINT 25 
10 POINT 10 POINT 26 
11 POINT 11 POINT 27 
12 POINT 12 POINT 28 
13 POINT 13 POINT 29 
14 POINT 14 POINT 30 
15 POINT 15 POINT 31 
16 POINT 16 POINT 32 
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TABLE 10-3. DIGITAL OUTPUT REGISTER ASSIGNMENTS, CONTINUED 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 9 PAGE 10 PAGE 11 PAGE 12 

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

9 
10 
11 
12 
13 
14 
15 
16 

PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 
2 
3 
4 
5 
6 
7 
8 

9 CARD CONFIG 
10 0 
11 CARD STATUS 
12 0 
13 CARD ID REG 
14 0 
15 0 
16 BIF 
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10.7 PIN ASSIGNMENTS AND CABLING 

Table 10-4 shows the signals that are routed to the card connector pins 
on the edge of the card. The connector numbering scheme is shown in 
figure 3-11, at the end of Section III of this manual. 

Table 10-4. HP 25513A I/O Connector Module Pin Assignments 

CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTION 

AIJl 1,2 178 ohm res A3Jl 1,2 178 ohm res , 
AIJl 3 Fld.l Strobe A3Jl 3 Fld.2 Strobe 
AIJl 4 Strobe Gnd. A3Jl 4 Strobe Gnd. 
AIJ2 1 Pt. 1 + A3J2 1 Pt. 17 + 
AIJ2 2 Pt. 1 - A3J2 2 Pt. 17 -
AIJ2 3 Pt. 2 + A3J2 3 Pt. 18 + 
AIJ2 4 Pt. 2 - A3J2 4 Pt. 18 -
AIJ5 1 Pt. 3 + A3J5 1 Pt. 19 + 
Al.J5 2 Pt. 3 - A3J5 2 Pte 19 -
AIJ5 3 Pt. 4 + A3J5 3 Pt. 20 + 
AIJ5 4 Pte 4 - A3J5 4 Pt. 20 -
AIJ6 1 Pt. 5 + A3J6 1 Pt. 21 + 
AIJ6 2 Pt. 5 - A3J6 2 Pt. 21 -
AIJ6 3 Pt. 6 + A3J6 3 Pt. 22 + 
AIJ6 4 Pt. 6 - A3J6 4 Pt. 22 -
AIJ9 1 Pt. 7 + A3J9 1 Pt. 23 + 
AIJ9 2 Pt. 7 - A3J9 2 Pt. 23 -
AIJ9 3 Pt. 8 + A3J9 3 Pt. 24 + 
AIJ9 4 Pt. 8 - A3J9 4 Pt. 24 -
A2Jl 1,2 R= 178 ohms A3Jl 1,2 R- 178 ohms 
A2Jl 3,4 NOT USED A4Jl 3,4 NOT USED 
A2J2 1 Pte 9 + A4J2 1 Pt. 25 + 
A2J2 2 Pt. 9 - A4J2 2 Pt. 25 -
A2J2 3 Pt. 10 + A4J2 3 Pt. 26 + 
A2J2 4 Pt. 10 - A4J2 4 Pt. 26 -
A2J5 1 Pt. 11 + A4J5 1 Pt. 27 + 
A2J5 2 Pt. 11 - A4J5 2 Pt. 27 -
A2J5 3 Pt. 12 + A4J5 3 Pt. 28 + 
A2J5 4 Pt. 12 - A4J5 4 Pt. 28 -
A2J6 1 Pt. 13 + A4J6 1 Pt. 29 + 
A2J6 2 Pt. 13 - A4J6 2 Pt. 29 -
A2J6 3 Pt. 14 + A4J6 3 Pt. 30 + 
A2J6 4 Pt. 14 - A4J6 4 Pt. 30 -
A2J9 1 Pt. 15 + A4J9 1 Pt. 31 + 
A2J9 2 Pt. 15 - A4J9 2 Pt. 31 -
A2J9 3 Pt. 16 + A4J9 3 Pt. 32 + 
A2J9 4 Pt. 16 - A4J9 4 Pt. 32 -
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The connection between the digital output card and the field wiring is 
made with one of two cables: 

HP 25550A (digital card cable with screw terminations) 

HP 255506 (digital card cable, unterminated) 
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Section XI 
UP 25514A 16-Point Relay Output 

11.1 INTRODUCTION 

This section provides information for the HP 25514A 16-Point Relay 
Output card. Included are specifications and a functional description. 
Installation information for the card is provided in the HP 2250 
Measurement and Control Processor Installation and Start-Up Manual, part 
number 02250-90012. 

11.2 DESCRIPTION 

The HP 25514A, shown in figure 11-1, provides 16 points of single-pole, 
double-throw (Form C) relay contacts which are individually isolated. 
The relays on the card are controlled separately, and the card supplies 
relay coil power. The 16-relays form one field of 16 points which can 
be controlled by an external strobe. To provide arc suppression, Signal 
Conditioning Modules (SCMs) are optionally mounted on the card in 
parallel to the relay contacts and the I/O connectors. Each SCM 
provides arc suppression for up to four relays. SCMs are available for 
several AC and DC voltage ranges. 

The relays are rated for switching open-circuit voltages of up to 250 
VAC at 1.5A, 125 VAC at 3.0A, and 30 VDC at 2.0A. Operating times are 
less than 15 milliseconds. 

The relay output card is intended 
devices such as motor contactors, 
sources. 

primarily for on/off switching of 
solenoid controllers, and power 
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2250-98H 

Figure 11-1. HP 25514A 16-Point Relay Output 
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11.3 SPECIFICATIONS 

Specifications for the HP 25514A are provided in table 11-1. 

Table 11-1. HP 25514A Specifications 

FEATURES 

16 channels of sealed Form C (SPDT) relays 

Relays can switch high (wet) or low (dry) current loads 

Switch 1 .5A at 250 VAC 
3.0A at 125 VAC 
2.0A at 30 VDC 

Relay coil power supply on card - designed to isolate switching 
noise 

SCMs supply transient suppression to protect relays and 
prevent noise 

Relays can be programmed individually or as a 16-bit field 

External strobe can synchronize output changes to external 
event 

APPLICATIONS 

Used to switch AC and DC loads on and off. Loads can be motor 
contactors, small motor pumps, heaters, lights, solenoids, and 
other loads using less than 1 .5A at 250 VAC, 3A at 125 VAC, or 
2A at 30 VDC. 
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Table 11-1. HP 25514A Specifications (Continued) 

PROGRAMMING INFORMATION 

A logic one written to an output energizes the relay (i.e., 
Normally Open (NO) contacts close and Normally Closed (NC) 
contacts open) 

DO command: Write sequential digital outputs 

RDO command: Read sequential digital outputs 

FO command: Write sequential digital output fields (16 bits) 

RFO command: Read sequential digital output fields (16 bits) 

ELECTRICAL CHARACTERISTICS 

11-4 

Maximum digital update rate from buffer: 

Sequential writes (point or field): 24 us/write 

Maximum operate time (opening or closing): 15 msec 

Maximum operate speed (see contact life data at end of this 
table): 10 - 30 cps 

Maximum contact resistance: 0.5 ohm, measured from field 
wiring screw termination block. 

Maximum carry current: 3.0A 

Maximum resistive break current: 2A at 30 VDC 
3A at 125 VAC 

1.5A at 250 VAC 

Minimum breakdown voltage: 1000 V VRMS between open contacts 
and between contact sets 
1500 V RMS between contacts and coils 

Maximum thermal offset: 100 uV at 25 degrees C 

Minimum insulation resistance: 100 megohm between NO contact and 
NC contact at 500 VDC, 
40 degrees C, 
95 % relative humidity 



Table 11-1. HP 25514A Specifications (Continued) 

Maximum capacitance: 10 pF NC or NO to COMMON 
10 pF contacts to coil 

HP 25514A 

Crosstalk (Measured at the field wiring terminals with a 1 K ohm 
load) : 

Channel to channel: 85 db at 60 Hz 
65 db at 1 kHz 

NO to NC: 70 db at 60 Hz 
50 db at 1 kHz 

External strobe input: 

Mimimum pulse width: 400 ns + pulse width of external strobe 
SCM 

RELAY CONTACT LIFE 

7 
Mechanical Life: 10 operations 
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Table 11-1. HP 25514A Specifications (Continued) 

Relay Electrical Contact Life Versus Operating Conditions: 

NO. OF 
OPERATIONS 

5 
1 0 

5 
10 

6 
10 

6 
10 

6 
1 0 

6 
1 0 

6 
1 0 

6 
10 

6 
10 

BREAK 
CURRENT 

AMPS 

1 • 5 

1 .0 

2.0 

1 .0 

0.0 

DRY 

o. 1 

CARRY OPEN CIRCUIT 
CURRENT VOLTAGE 

AMPS VOLTS 

1.5 250 VAC 

3.0 125 VAC 

0.5 250 VAC 

1 .0 125 VAC 

2.0 30 VDC 

1 .0 30 VDC 

0.0 0.0 VDC 

DRY 

o. 1 28 VDC 

PHYSICAL CHARACTERISTICS: 

Width: 28.91 cm (11.38 in.) 

Depth: 34.8 cm (13.54 in.) 

Height: 3.5 cm (1.38 in.) 

Wei g h t : 6 80 g ram s (1. 5 1 b s ) 
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OPERATING 
SPEED 

Hz 

1 0 

10 

30 

30 

10 

30 

30 

30 

30 
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11.4 SIGNAL CONDITIONING 

Arc suppression and single point isolated and non-isolated signal 
conditioning modules (SCMs) used with the HP 25514A are listed in table 
11-2. Each arc suppression SCM contains arc suppression for both the NO 
and NC contacts of four relay points. The single point isolated and 
non-isolated SCMs are used for the External Strobe input. 

The SCMs are mounted on the card before the card is installed in the 
measurement and control unit. Install the SCM, with its component side 
up, by aligning the guide holes in the SCM to the guide pins on the HP 
25514A card, and pressing the SCM firmly into place. The physical 
orientation of the guide pins prevents improper installation of the SCM. 
The guide pins also serve as spacers to keep the SCM elevated from the 
surface of the card. Hefere to the HP 2250 Installation and Start-Up 
Manual, part number 02250-90012, for further information on installing 
an SCM. 

11.5 RELAY CONTACT RATINGS 

Operation should not exceed the relay contact ratings listed in table 
9-1. Note the different ratings for AC and DC circuits. 

Warning 

Do not apply opposite polarities (+ and -) 
of NC and NO contacts, because arcing upon 
may momentarily short between the NO 
contacts. 

to a pair 
switching 

and NC 
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Table 11-2. SCMs Available for Use with the HP 25514A 

PRODUCT NUMBER 

HP 25531B 
HP 25531C 
HP 25531D 
HP 25531E 
HP 25531K 
HP 25531L 

HP 25533B 
HP 25533C 
HP 25533D 
HP 25533E 
HP 25533F 
HP 25533G 
HP 25533H 
HP 25533J 

HP 25539A 
HP 25539E 
HP 25539G 
HP 25539H 
HP 25539J 

HP 25543N 

HP 25544A 
HP 25544B 
HP 25544C 

HP 25545P 

11 -8 

DESCRIPTION 

5 VDC Non-Isolated Source Strobe 
12 VDC Non-Isolated Source Strobe 
24 VDC Non-Isolated Source Strobe 
48 VDC Non-Isolated Source Strobe 
5 VDC Non-Isolated Sink Strobe 
12 VDC Non-Isolated Sink Strobe 

5 VDC Isolated Strobe 
12 VDC Isolated Strobe 
24 VDC Isolated Strobe 
48 VDC Isolated Strobe 
72 VDC Isolated Strobe 
120 VDC/72 VAC Strobe 
11 5 VAC Strobe 
230 VAC Strobe 

Relay Arc Suppression Breadboard 
30 VDC Load Relay Arc Suppression 
24 VAC Load Relay Arc Suppression 
115 VAC Load Relay Arc Suppression 
230 VAC Load Relay Arc Suppression 

60 VDC/42 VAC Isolated Output 

Open Drain, Non-Isolated Output 
5 VDC Non-Isolated Output 
12 VDC Non-Isolated Output 

115 VAC Isolated Output 
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11.6 RELAY OPERATING PRACTICE 

For maximum relay life, observe good practice in relay operation; i.e., 
a relay operated with wet current (appreciable current through contacts) 
should not be later operated at dry current (insignificant current 
through contacts). Also, loads which have significant capacitance or 
inductance should employ arc suppression to prevent premature contact 
failure. Loads connected to the relay through a long cable should be 
considered inductive. 

11.7 FUNCTIONAL DESCRIPTION 

Figure 11-2 contains a functional block diagram showing the input/output 
buses and the major functions of the HP 25514A. 

The processor unit "writes" relay output instructions to the card in one 
of two ways: one point at a time, or as a field of 16 points. The 
output field is sent as a field of 16 bits on all backplane lines, and 
single point data is sent on line D1. 

The programmed states of the output relays (high or low logic levels) 
are stored in rank 1 of the Output Storage Registers and move to rank 2 
when strobed. The rank 2 state is input to the 16 Relay Drivers. The 
drivers activate corresponding output relays. The output state can be 
read by the processor unit from rank 2. 

You exercise control of the card functions through writing and reading 
data to and from the various registers. The registers are identified 
and described in Section III under "Register Addressing." 

11.7.1 Output Relays 

There are 16 Relay Drivers connected one-for-one to each bit of the 
Output Register. When a bit is "true", the associated relay is 
energized. They are connected so that Output Relay 1 is controlled by 
the least significant register bit and Relay 16 is controlled by the 
most significant register bit. 
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NOTE, ALL REGISTER NAMES ARE IN ITALICS. THESE REGISTERS 
ARE '"WRITTEN TO'" AND "FlEAD FROM" AS LISTED IN THE 
REAl) REGISTER AND WRITE REGISTER BLOCKS. THE 
DIAGRAM SHOWS THE FUNCTIONAL FLOW OF DATA USING 
THE REGISTERS (NOT SIGNAL FLOW THROUGH CIRCUIT 
BLOCKS). 
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Figure 11-2. HP 25514A Functional Block Diagram 
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Relays with unenergized coils have their NO (Normally Open) contacts 
open, and their NC (Normally Closed) contacts closed. When energized, 
the relays switch to the opposite state. Initially at power on or 
processor unit reset, all relays will be deenergized; i.e., the data 
word in the output storage register will be aliOs. 

11.7.2 Output Registers 

There are two ranks for output field registers. Each rank has 16 bits 
corresponding to the 16 output relays. The relay state data written 
into rank 1 is moved to rank 2 so that the time of relay change can be 
precisely controlled. 

Rank 1 state may be changed by a write command with new data. The data 
will be entered differently according to whether the controller called 
for a field change or a single point change. For a field change, all 16 
points are represented in the data; i.e., all 16 bits in the output 
field are moved into rank 1. For a single point write, one bit is 
loaded into the rank 1 point addressed by the command. 

When the data is written, it is stored in the first rank as soon as the 
output command is executed but it is not necessarily transferred 
immediately to the second rank which drives the output relays. A 
measurement strobe or measurement strobe plus external strobe, depending 
on internal or external strobe programming, is required. The 
measurement strobe can accompany the write command (write with 
measurement strobe) or it can be delayed (write without measurement 
strobe). Internal and external strobe timing is described below under 
State Timing. 

11. 7.3 State Readback 

Output data is written to the card as a single word. An output register 
read returns the contents of the second rank (the output states). The 
read can be by the field or one point at a time. Because no shifting is 
required for a read, a subsequent instruction is never delayed. 

The Card Status Register contains a "Strobe Wait" bit (Bit 0) which is 
set when new data has entered Output Field Register Rank 1, and clear 
when the new data has been strobed into Rank 2. 
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11.7.4 Timing 

11.7.4.1 Register Timing 

The card backplane overhead time (the time is takes to latch data in the 
card's input buffers and a handshake) takes a minimum of 10 
microseconds. Additional time is used to store data into the output 
storage registers, so that the total time to move new data into the 
output rank 1 adds up to 24 microseconds. Since the output relays take 
up to 15 milliseconds to open or close, the backplane plus card delay 
time is insignificant. 

If the card is addressed after it has accepted new data and before the 
data is stored in rank 1 of the output storage register, it will hold 
off the request until it is ready. 

11.7.4.2 State Timing 

In this discussion, an internal strobe refers to the 
measurement strobe, and an external strobe refers to an 
measurement strobe provided by the user. These strobes are 
measurement timing as distinguished from other timing signals. 

internal 
external 
used for 

The external strobe is enabled on the card by writing a logic 1 into the 
LSB (Bit 0) of the Card Configuration Register. 

The polarity of the external strobe is selected by the condition in Bit 
8 of the Card Configuration Register. Assuming the external strobe mode 
is enabled, then a Logic 1 in bit 8 of the card configuration register 
will cause the output field to be strobed from rank 1 to rank 2 on the 
rising edge of the external strobe. Similarly, a Logic 0 in this bit 
strobes on the falling edge. 

When the external strobe is disabled, a "write ~ith internal strobe" 
stores new data in rank 1 and transfers it to rank 2 immediately. A 
"write without internal strobe" stores new data in rank 1 but the 
transfer of data from rank 1 to rank 2 is delayed until an internal 
strobe occurs. 

Writing without an internal strobe allows several cards to be set up 
with new data, or several single channel changes to be made in several 
writes, and then the outputs on all the cards can be changed 
simultaneously. 
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With external strobe enabled, when a point or field is set up with a 
"write with internal strobe," the external strobe immediately following 
the internal strobe will transfer the rank 1 data to rank 2 and to the 
output. 

However, if the card is set up with the external strobe enabled and a 
"write without internal strobe" is used to input new data into rank 1, 
the old state remains constant in rank 2. An internal strobe must 
activate the external strobe, then the next external strobe will move 
new data from rank 1 to rank 2. That is, an external strobe must be 
preceded by an internal strobe to be effective. 

The examples in figure 11-3 show fields of data which are output with 
the card configured for both the internal strobe mode and external 
strobe mode with several conditions: 

The Configuration Register is written to, setting Bit 0=0, and the 
external strobe is disabled. Cycle 1 starts with a "write with 
internal strobe" command, and the transfer of Data 1 to the output 
is immediate. 

Cycle 2 begins with a "write without internal strobe" command, and 
the state is stored in rank 1, waiting for a strobe. Data 2 is 
output following the internal strobe which occurs in Cycle 3, 
since the data in rank 1 was not changed. 

The Configuration Register is written to, setting Bit 0=1 which 
enables the external strobe. Cycle 4 begins with a "write with 
internal strobe" and Data 4 is stored in rank 1. The stored data 
moves to rank 2 and output on the following external strobe. 

Cycle 5 begins with a "write without internal strobe and Data 5 is 
written into rank 1. The following external strobe has no effect 
on storing Data 5 in rank 2 since the internal strobe was omitted. 
In Cycle 6 the internal strobe is supplied, and the following 
external strobe moves Data 5 into rank 2 and the output. 
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WRT EXTERNAL STROBE OFF WRT EXTERNAL STROBE ON 
* * 

OCCURRENCE CYCLBi 1 CYCLBi 2 CYCLE 3 CYCLE 4 CYCLE 5 CYCLE 6 

Write Config. 0 1 
Write Data 1 2 NONE 4 5 NONE 
Rank 1 Data 1 2 2 4 5 5 
Meas. Strobe 

,. 
NONE 

,. ,. 
NONE 

,. 

Ext. Strobe 
,. ,. ,. 

Rank 2 Data 1 1 2 4 4 5 
Output 1 1 2 4 4 5 

*Write to Configuration Register Bit O. 

Figure 11-3. Examples of Output with Various Strobe Conditions 
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11.8 REGISTER ASSIGNMENTS 

Register assignments for the relay output card are shown in table 11-3. 

The relay output card reads no external inputs. 

The register addresses on page 5 are the point output register addresses. 
Writing to these addresses will cause the corresponding output point to 
output the value of the lowest bit in the register (bit 0). Reading from 
these addresses will give the current output value of that point, which 
will be either 0 or 1. 

The only address used on pages 9-12 is as shown. This address is for 
field output; writing to it will cause the written value to be output on 
points 1 through 16; reading from it will give the current output value 
for the field. The least significant bit corresponds to the lowest 
numbered point in the field. 

The card configuration is used to configure the card for external strobe. 
The meaning of the bits is as follows. 

Bit Meaning 

o Enable strobe for Field 1 
1-7 Undefined 
8 If bit 0 is set, this bit controls which transition 

of the strobe to use. If bit 8 is set, the rising 
edge of the strobe is used. If bit 8 is clear, 
the falling edge of the strobe is used. 

9-31 Undefined 

There are two meaningful bits in the card status register. If bit 0 is 
set, field 1 is waiting for an external strobe signal or an internal 
trigger. If bit 15 is set, the card is busy. 
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TABLE 11-3. DIGITAL OUTPUT REGISTER ASSIGNMENTS 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

PAGE 5 PAGE 6 PAGE 7 PAGE 8 

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

9 POINT 9 
10 POINT 10 
11 POINT 11 
12 POINT 12 
13 POINT 13 
14 POINT 14 
15 POINT 15 
16 POINT 16 
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DIGITAL OUTPUT REGISTER ASSIGNMENTS, CONTINUED 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

PAGE 9 PAGE 10 PAGE 11 PAGE 12 

1 FIELD 1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 
2 
3 
4 
5 
6 
7 
8 

9 CARD CONFIG 
10 0 
11 CARD STATUS 
12 0 
13 CARD ID REG 
14 0 
15 0 
16 BIF 
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11.9 PIN ASSIGNMENTS AND CABLING 

Table 11-3 shows the signals that are routed to the card connector pins 
on the edge of the card. The connector numbering scheme is shown in 
figure 3-11, at the end of Section III of this manual. 

Table 11-3. HP 25514A I/O Connector Module Pin Assignments 

CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTOR 

AIJ1 1,2 R=196 ohm A3Jl 1,2 R=196 ohm 
AIJI 3 Strobe Gnd. A3J1 3 NOT USED 
AIJl 4 Fld.1 Strobe A4Jl 4 NOT USED 
AIJ2 1 NOl A3J2 1 N09 
AlJ2 2 COM1 A3J2 2 COM9 
AlJ2 3 NCl A3J2 3 NC9 
AlJ2 4 COM1 A3J2 4 COM9 
AlJ5 1 N02 A3J5 1 NOlO 
AlJ5 2 COM2 A3J5 2 COMlO 
A1J5 3 NC2 A3J5 3 NClO 
AlJ5 4 COM2 A3J5 4 COMI0 
A1,J6 1 N03 A3J6 1 NOll 
AlJ6 2 COM3 A3J6 2 COMll 
AIJ6 3 NC3 A3J6 3 NCl1 
AIJ6 4 COM3 A3J6 4 COMl1 
A1J9 1 N04 A3J9 1 N012 
AlJ9 2 COM4 A3J9 2 COM12 
AlJ9 3 NC4 A3J9 3 NC12 
AIJ9 4 COM4 A3J9 4 COM12 

A2Jl 1,2 R=196 ohm A4Jl 1,2 R=196 ohm 
A2J1 3,4 N.C. A4Jl 3,4 N.C. 
A2J2 1 NOS A4J2 1 N013 
A2J2 2 COM5 A4J2 2 COM13 
A2J2 3 NC5 A4J2 3 NC13 
A2J2 4 COM5 A4J2 4 COM13 
A2J5 1 N06 A4J5 1 N014 
A2J5 2 COM6 A4J5 2 COM14 
A2J5 3 NC6 A4J5 3 NC14 
A2J5 4 COM6 A4J5 4 COM14 
A2J6 1 N07 A4J6 1 N015 
A2J6 2 COM7 A4J6 2 COM1S 
A2J6 3 NC7 A4J6 3 NC1S 
A2J6 4 COM7 A4J6 4 COMIS 
A2J9 1 N08 A4J9 1 N016 
A2J9 2 COM8 A4J9 2 COM16 
A2J9 3 NC8 A4J9 3 NC16 
A2J9 4 COM8 A4J9 4 COM16 

11-18 



HP 25514 

The connection between the relay output card and the field wiring is made 
with one of two cables: 

HP 25550A (digital card cable with screw terminations) 

HP 25550B (digital card cable, unterminated) 
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Section XII 
HP 25516A 16-Point Digital Multifunction 

12.1 INTRODUCTION 
This section provides information for the HP 25516A 16-Point Digital 
Multifunction card. Included are specifications and a functional 
description. Installation information for the card is provided in the 
HP 2250 Measurement and Control Processor Installation and Start-Up 
Manual, part number 02250-90012. 

12.2 DESCRIPTION 

The HP 25516A, shown in figure 12-1, provides 16 digital input points 
and 16 digital output points. The input points will detect input events 
and scale them according to programmed conditions. When the conditions 
are met, the processor unit is notified through an interrupt if the 
point is unmasked. • 

The conditions of the 16 input points for scaled events are 
direction of level change 
All the event detection 

independently defined. The conditions include 
and the number of events per interrupt. 
conditions, the input states and a record 
stored in registers which can be read by the 

of interrupting points are 
processor unit. 

The storage of the input states for reading is timed 
internal strobe signal, or by both the internal 
user-supplied external strobe. 

by either 
strobe and 

an 
a 

The 16 output points are individually programmable for controlling 
external events. Output data timing is determined by the internal 
strobe signal (there is no external strobe for output points). 
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2250-101H 

Figure 12-1. HP 25516A 16-Point-Digital Multifunction 
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Signal Conditioning Modules (SCMs) match external input and 
conditions to the card requirements. (See the paragraph 
CONDITIONING.") 

12.3 SPECIFICATIONS 

Specifications for the HP 25516A are provided in table 12-1. 

Table 12-1. HP 25516A Specifications 

FEATURES 

Event prescaling or totalizing to 256, independently 
programmable on each input point 

Paced mode 

Wide range of signal conditioning 

16 digital input points 

16 digital output points 

Point status and event sensing with programmable mask, 
sense, and sense override registers 

External strobe 

Two ranks of output storage 

APPLICATIONS 

output 
"SIGNAL 

Monitors the state of mechanical or electronic switches, AC or DC 
cOil/winding power on relays/motors, and instruments and transducers 
with digital outputs. 

Interrupts the processor unit upon occurrence of user-defined 
(programmable) events. 

Scales and totalizes events. 

Provides state switching of AC/DC loads. 
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Table 12-1. HP 25516A Specifications (Continued) 

PROGRAMMING INFORMATION 

DO command: Write sequential digital outputs 

FO command: Write sequential output fields 

DI command: Read sequential digital inputs 

FI command: Read sequential input field s 

RDO command: Read sequential digital outputs 

RFO command: Read sequential output fields 

COUNT command: Read current counts 

PRESET command: Write multifunction counter preset 

RPRESET command: Read counter preset 

INT command: Digital input interrupt conditions 

ROLL command: Set multifunction counter rollover 

SENSE command: Define interrupt transition sense 

SOVER command: Override transition sense for interrupts 

ELECTRICAL CHARACTERISTICS 

12-4 

Minimum detectable input pulse width (external strobe input): us 

Minimum detectable input pulse width (other inputs): 16 us 

Minimum setup time of data with respect to active strobe edge: 0 

Minimum hold time of data with respect to active strobe edge: 16 us 

Note that in order to determine overall card specifications, those 
of the particular SCM used must be considered. For example, using 
the HP 25535 Non-Isolated Digital Input SCM with minimum and 
maximum propagation delays of 0 and 28 usec, respectively 
(without the filter), the overall minimum detectable input pulse 
width for the external strobe input becomes 28 usec + 1 usec = 
29 usec. This is for the worst case in which the propagation delay 
in one direction is 0 and in the other direction is 28 usec. 
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Table 12-1. HP 25516A Specifications (Continued) 

PHYSICAL CHARACTERISTICS 

Width: 28.91 cm (11.38 in.) 

Depth: 34.8 cm (13.54 in.) 

Height: 3.5 cm (1.38 in.) 

Weight: 680 grams (1.5 lbs) 

12.4 SIGNAL CONDITIONING 

Signal conditioning modules (SCMs) determine the number of points per 
I/O connector module, and the number of points available. SCMs for DC 
outputs contain four pOints, and SCMs for AC outputs contain two points. 
(AC SCMs divide the number of available points by two.). Both AC and DC 
SCMs can be installed on the same card. Table 12-2 lists SCMs used with 
the HP 25516A. Additional information on the SCMs is contained in 
Sections III and XIV. 

On the output field, there are two terminals per point, which differ in 
location on the I/O connection modules according to whether it is an AC 
or a DC point. The terminals for DC points may be used for reference i~ 

location terminals for AC points. 

DC SCMs have plus and minus connections (the minus connection is ground 
in non-isolated SCMs), and AC SCMs have two non-polarized terminals. 
The AC terminal pairs correspond with the odd-numbered plus (+) DC 
terminals and the even-numbered minus (-) DC terminals. For example, an 
AC SCM may connect to the termnals corresponding to DC point 1 (+) to DC 
point 2 (-), and another from DC point 3 (+) to DC point 4 (-). AC and 
DC SCMs can be mixed in the same field. 

AC SCMs output data is addressed to the odd-numbered (+) DC point 
register locations. If an even-numbered DC point register location 
addressed which is connected to an AC SCM, there will be no output 
response. This should be kept in mind in order to facilitate the 
programming of sequential points; i.e., group the AC and DC SCMs 
together. Be sure to identify the terminals of any two-point AC SCMs to 
prevent errors in field wiring and programming. 
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Table 12-2. SCMs Available for Use with the HP 25516A 

PRODUCT NUMBER DESCRIPTION 

HP 25531B 5 VDC Non-Isolated Source Strobe 
HP 25531C 12 VDC Non-Isolated Source Strobe 
HP 25531D 24 VDC Non-Isolated Source Strobe 
HP 25531E 48 VDC Non-Isolated Source Strobe 
liP 25531K 5 VDC Non-Isolated Sink Strobe 
HP 255311 12 VDC Non-Isolated Sink Strobe 

HP 25533B 5 VDC Isolated Strobe 
HP 25533C 1 2 VDC Isolated Strobe 
HP 25533D 24 VDC Isolated Strobe 
HP 25533E 48 VDC Isolated Strobe 
HP 25533F 72 VDC Isolated Strobe 
HP 25533G 120 VDC/72 VAC Strobe 
HP 25533H 1 1 5 VAC Strobe 
HP 25533J 230 VAC Strobe 

HP 25535B 5 VDC Non-Isolated Source Input 
!-IP 25535C 12 VDC Non-Isolated Source Input 
HP 25535D 24 VDC Non-Isolated Source Input 
HP 25535E 48 VDC Non-Isolated Source Input 
HP 25535K 5 VDC Non-Isolated Sink Input 
!-IP 255351 12 VDC Non-Isolated Sink Input 

HP 25537P 5 VDC Isolated Input 
HP 25537Q 12 VDC Isolated Input 
HP 25537R 24 VDC/16 VAC Isolated Input 
HP 25537S 48 VDC Isolated Input 
HP 25537T 72 VDC Isolated Input 
HP 25537U 120 VDC/72 VAC Isolated Input 
HP 25537V 1 1 5 VAC Isolated Input 
HP 25537W 230 VAC Isolated Input 
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Table 12-2. SCMs Available for Use with the HP 25516A (Continued) 

HP 25539A Relay Arc Suppression Breadboard 
HP 25539E 30 VDC Load Relay Arc Suppression 
HP 25539G 24 VAC Load Relay Arc Suppression 
HP 25539H 1 1 5 VAC Load Relay Arc Suppression 
HP 25539J 230 VAC Load Relay Arc Suppression 

HP 25543N 60 VDC/42 VAt.; Isolated Output 

HP 25544A Open Drain, Non-Isolated Output 
HP 25544B 5 VDC Non-Isolated Output 
HP 25544C 1 2 VDC Non-Isolated Output 

HP 25545P 1 1 5 VAC Isolated Output 

The ID for the HP 25516A card is decimal 16. This number is contained 
in Card Register 253 and may be read as data when addressed. 

SCMs must be mounted on the card before it is installed into the 
processor or expander card frame. Install the SCM, with its component 
side up, by aligning the guide holes in the SCM to the guide pins on the 
HP 25516A card, and pressing the SCM firmly into place. The physical 
orientation of the guide pins prevents improper installation of the SCM. 
The guide pins also serve as spacers to keep the SCM elevated from the 
surface of the card. Refer to the HP 2250 Installation and Start-up 
Manual, part number 02250-90012, for further information on installing 
SCMs. 

12.5 FUNCTIONAL DESCRIPTION 

Figure 12-2 contains a functional block diagram showing the input/output 
buses and the major functions of the HP 25516A. 
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NOTE: ALL REGISTER NAMES ARE IN ITALICS. THESE REGISTERS 

i • 
~ 
" g 

i 
I 
g 

~:!~~~~r.~:R1f~~:~::~:':~~~· :~ol;J~~~~~ THE 
DIAGRAM SHOWS THE fUNCTIONAL FLOW OF DATA USING 
THE REGISTERS tNOT SIGNAL FLOW THROUGH CIRCUIT 
BLOCKSI. 

INPUT SIGNAL 
CONDITIONING 
MODULES 

I POINTS1T04! 

I POINTS&T08 I 
I pOINTS 9 TO 121 

IPOINTS13T01S1 

I EXT. STROBE I 

OUTPUT SIGNAL 
CONDJTIONING 
MODULES 

I POINTS1T04 I 
I POINTS6T08 I 
IPOINTS9T012/ 

IPOINTS 13TO 16) 

22S0·102L 

2250-102L 

Figure 12-2. 
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REAO REGISTERS 
INPUT POINTS 
DU'TPUTI'O/NTS; RANKS 1&2 
£VENTCOUNT 
COUNTER PRESET 
INPUTFIELO 
OUTPUT FIELD .. RANKS 1 & 2 
INPUTSENSE 
SEN$E OVERRIDE 
UNMASK 
COUNTER ROLLOVER 
INPUT INTERRUPT 
CARD CONFfGURA rlON 
CARDSTArus 
CARDIOENTIF/CATfOH 

WRITE REGISTERS 
OUTPUT POINTS; RANK' 
COUNTER PRESET 
OUTPUT fiELD; RANK 1 
INPUT SENSE 
SENSE OVERRIDE 
UNMASK 
COUNTER ROLLOVER 
CARD CONFIGURATION 

HP 25516A Functional Block Diagram 
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The card has a field of 16 digital input points with an external strobe, 
and a field of 16 digital output points. The inpu~s and outputs connect 
to the external field wiring through signal conditioning modules (SCMs). 

For the output field, the programmed states of the points (high or low 
levels) are stored in Rank 1 of the Output Field Register and are moved 
to Rank 2 when internally strobed. Rank 2 drives the output lines. 

The present states of the input points may be read at any time. In 
addition to monitoring the present states, the input points 
independently detect events by comparing the past states with the 
present states, and determining if any state has changed in a selected 
direction. (For example, low levels changed to high, or high levels 
changed to low.) Events for each point are counted with a preset table 
counter. When the counter overflows, if the point is "unmasked," its 
corresponding bit in the Interrupt Register will be set and an interrupt 
signal will be sent to the processor unit. 

The interrupt record of scaled events 
until read by the processor unit, which 
clears the interrupt signal. 

for the input points 
resets the record to 

is saved 
zero and 

Figure 12-2 also shows every user-accessible card register which affects 
the data flow. The following description covers the function of each 
register in the overall operation of the card. You exercise control of 
the card functions through writing and reading data to and from the 
various registers. The registers are identified and described in 
Section III under "Register Addressing." 

12.5.1 Output Point Data 

You may write output point data either one point at a time to the 
appropriate output point register, or 16 points concurrently as a field 
to the output field register. A logic 1 closes the output switch, and a 
logic 0 opens (clears) it. The data word in the output point registers 
is alIOs when all points are clear. Initially at "power on" or 
processor unit reset, all outputs will be open (clear). 

For the 16-bit output field register, the 1 or 0 value of each bit is 
the data for the corresponding output point. The least significant bit 
corresponds with the lowest numbered point, the next least significant 
bit corresponds with the next to the lowest numbered point, etc. 
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The output field (output point data) is moved through two stages (or 
ranks) of the Output Field Register to reach the output lines. When the 
data is written, it is stored in the first rank as soon as the command 
is transmitted but it is not necessarily transferred immediately to the 
second rank. The second rank drives the output switches. An internal 
strobe is required to transfer the data to the second rank. The 
internal strobe normally is issued at the same time that 'data transfers 
to the card; thus, the data normally goes immediately to the second rank 
of storage which drives the output switches. 

However, the internal strobe can be delayed by requesting a "write 
without internal strobe." Transfer takes place only when the delayed 
internal strobe occurs. This method of programming allows several cards 
to be set up with data in the first rank, and then the output on all the 
cards can be changed simultaneously. The delayed strobe also allows the 
contents of the first rank to be read for error checking before transfer 
to the output. 

Output data is written to the card as a single word. However, the 
output registers may be read as one- or two-word registers. A one-word 
register read returns the contents of the second rank (the output 
states). A two-word register read returns the contents of the second 
rank in word one and the contents of the first rank in word two. 

As noted previously, the output lines connect to the field wiring 
through AC and DC SCMs. AC SCMs cover two points each and DC SCMs cover 
four points each. 

12.5.2 Input Point Data 

Inputs from the field wiring enter the card through SCMs. Each input 
SCM accomodates four contiguous points and four modules to cover the 
16-point field. SCMs are selected to match signal levels, and to 
provide signal isolation, if desired. Several different types and 
ranges may be selected (see table 12-2). 

An external strobe can be employed to determine when the input states 
will be stored in the Input State Storage Registers. Thus, you can 
ensure that only valid data is being input after external adjustments 
have been made. The input voltage on each point at the moment a strobe 
occurs becomes the current or present state of that point. The external 
strobe is used only for reading the input states and has no effect on 
event detection. Event detection is performed by an independent circuit 
that samples the input state every 16 microseconds. Nothing is allowed 
to interfere with this sampling. 
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Whether or not the external strobe is used to specify when inputs are 
valid, the time at which the valid inputs are read is determined by an 
internal strobe. This internal strobe is normally issued at the time of 
the read command; however, it can be delayed in order to set up several 
cards to be read at the same time. The cards are read when they are 
strobed concurrently. 

12.5.3 Status Readback 

The Card status Register contains a "Strobe Wait" bit (Bit 0). When 
this bit is set, it indicates that the previous data has been read and 
the field is ready to receive new data. When this bit is clear, the 
card has previous input data which has not been read. 

12.5.4 Event Detection 

An event occurs when an input changes state either in a specified 
direction (sense register), or both directions (sense override 
register). Events are accumulated by a counter. When the counter 
overflows on an unmasked point, the occurrence is recorded in the 
Interrupts Register. If it is the first event in a series (the register 
was previously cleared) an interrupt goes to the processor unit. 

Each of the 16 Preset and Count Registers contain data for one of the 16 
points, The event detection registers contain one bit of information for 
each of the 16 points. The event detection registers are the following: 

SENSE REGISTER: Selects one of two directions for events. 

SENSE OVERRIDE 
set. 

REGISTER: Allows both directions for events when 

EVENT COUNT REGISTERS: Contains value of 256 minus the number of 
events remaining before the count overflows (16 registers). 

COUNTER PRESET REGISTERS: Contains preset value for corresponding 
event counter (16 registers). 

ROLLOVER REGISTER: Each bit directs corresponding event counter to 
either rollover to zero or jump to preset value when it overflows. 

UNMASK REGISTER: Selects which points may cause an interrupt. 
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INTERRUPTS REGISTER: Re.cords which unmasked points reached the 
prescribed number of events. 

An input change is detected by examining each input, in sequence, every 
16 microseconds to determine if the present state differs from the past 
state. The event detector compares the direction of change with the 
desired direction of change as specified in the Sense Register and Sense 
Override Register. The sense bit is a logic 1 for a low-to-high change 
to be an event, and a logic 0 for a high-to-low change to be an event. 
Thus if the changed point has a present state of 1 and the sense is 1, 
the change was from low-to-high and the sense is correct for an event. 
Conversely, if the changed point has a present state of 0 and the sense 
is 0, the change was from high-to-low and the sense is correct for an 
event. Opposite changes will not result in events. 

If the corresponding bit in the Sense Override Register is set to a 
logic 1, the effect of the sense bit will be cancelled so that all 
changes will qualify as events. To summarize, if either the sense 
override bit is set or the present state is the same as the sense bit, 
an event has occurred if the present state differs from the past state. 

12.5.5 Event Counting and Scaling 

There is an independent counter for each of the 16 input points to scale 
events. They count either from zero or a preset value up to 255. After 
another count a couriter's next number depends on the contents of the 
Counter Rollover Register which sets up the "totalize" mode or 
"prescale" mode. 

The "prescale" mode should be selected for repeatedly counting the same 
number of events on a point; i.e., the counter automatically restarts at 
the preset value as soon as the selected count is reached. The 
"totalize" mode should be selected if automatic restart at the preset 
value is not wanted. In the "totalize" mode, the counter continues 
counting up from zero, thus keeping a record of the number of additional 
events that occur. 

The "pre scale" mode is selected for a counter when a bit corresponding 
to its input point in the 16-bit Rollover Register is 1. When a number 
is written into a Counter Preset Register, the corresponding counter is 
preset with that value, which is equal to 256 minus the desired number 
of counts to qualify as a scaled event. After the desired number of 
counts, the counter jumps to the preset number and sends a "scaled 
event" bit to the Unmask Gates and Events Storage circuit. 
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The "totalize" mode is selected for a counter when a bit corresponding 
to its input point in the 16-bit Rollover Register is a logic low (0). 
In this mode, the count starts from a preset number which was stored in 
a corresponding Counter Preset Register from a previous write. When the 
count reaches 255, the next count will always rollover to 0 and continue 
counting events. When the counter rolls over, it sends a "scaled event" 
bit to the Unmasked Gates and Events Storage circuit. 

12.5.6 Unmasking Scaled Events 

When a "scaled event" bit for an input point is generated in one of the 
counters, it is checked with a bit in the Unmask Register. The Unmask 
Register is a 16-bit register with bits corresponding to the input 
field. If the bit is (1), the point is "unmasked" and the bit is passed 
through and recorded for that point in the Interrupt Register. If the 
bit is (0), the point is "masked" and the scaled event bit is not passed 
through. 

12.5.7 Interrupt Recording 

A scaled event bit is stored in the Interrupt Register if it is the 
first one after a register reset to zero. If a bit for that point is 
already stored, nothing is changed by another scaled event bit. The 
first scaled event for any point after a reset to zero will set the 
Interrupt Flip-Flop which notifies the processor unit, through the 
function card backplane, that a scaled event has occurred. The card's 
Interrupt Enable bit must be set in order for the interrupt to propagate 
through to the processor unit. 

Both the Interrupt Register and Interrupt Flip-Flop are reset, or 
cleared, when the Interrupt Register is read. The clearing is done in 
such a way that any scaled event occurring during the read and clear 
will not be lost. It will either be included in the simultaneously 
occurring read, or it will be stored in the register for the next read. 

12.5.8 Event Detection 

An event will be detected according to the summary shown in figure 12-3. 
The figure shows changes in input signal level versus corresponding 
register bits, and whether an event resulted. 
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INPUT SENSE SENSE EVENT 
SIGNAL OVERRIDE 

f 1 o or 1 YES 

~ 1 o or 1 YES 

J 0 1 YES 

~ 0 1 NO 

~ 0 0 YES 

J 0 0 NO 

Figure 12-3. Event Detection Summary 

12.5.9 Event Scaling 

For the following example, assume the following: 

12-14 

Conditions: 

Interrupt after every third event on point 
interrupt after the fourth event on point 2 
subsequent events on that point (totalize). 

Set Up: 

1 (prescale), and 
but not after the 

Set point 1 to prescale mode (rollover bit 1= 1), enter preset 253 
into Counter Preset Register 1. Set point 2 to totalize mode 
(rollover bit 2= 0), enter preset 252 into Counter Preset Register 
2. 
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Operation: 

1. Point counter will count from 253. The third count will 
generate a scaled-event bit to the interrupt register, jump 
back to 253, and repeat every three event counts. 

2. Point 2 counter will count from 252. The fourth count will 
generate a scaled-event bit to the interrupt register, and 
rollover to zero. It will not rollover again until 256 
additional events are counted. 

The above operation is illustrated below: 

Point 1 : 
Input X X X X X X X X 
Count 253 254 255 253 254 255 253 254 255 
Scaled Event X X 

Point 2 : 
Input X X X X X X X X X 
Count 252 253 254 255 0 2 3 4 5 
Scaled Event X 

If one or more scaled events are recorded on a single point between 
readings of the Interrupt Register (resets to zero), no record is 
available of how many such events occurred. However, there is a record 
of what points of the field of 16 have had one or more events since the 
last reading. 

12.5.10 Timing 

12.5.10.1 Input Timing 

The Card Configuration Register is used to select either the 
non-external mode or external strobe mode and the strobe polarity. Bit 
o determines the strobe mode where a logic 0 selects the "non-external 
strobe" mode and logic 1 selects the "external strobe" mode. The 
external strobe polarity is selected by Bit 8 where logic latches the 
input states on the rising edge of the strobes, and logic 0 latches the 
inputs on the falling edge of the strobes. 
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There are two program 
a register, and read 
internal strobe" or 
delayed data reading, 

variations for 
it. This is 

"read without 
respectively. 

strobes to input data, store it in 
to provide commands to "read with 
internal strobe" for immediate or 

Figure 12-4 illustrates the non-external strobe mode where the internal 
strobe stores the input data. As in cycle 1, every time there is an 
internal strobe and a read command together (read with internal strobe), 
the present data is returned as valid data. As in cycle 2,' when the 
internal strobe is omitted (read without internal strobe) the previous 
data (cycle 1) is returned since no new data was stored. The "read 
without internal strobe" will cause data to be input on the next 
internal strobe but from then on the internal strobe is disabled until 
the stored data is read, as shown in cycles 3 through 5. The internal 
strobe is reenabled for cycle 6 since the data was read in cycle 5. 
Optionally, cycle 6 may have a "read with internal" strobe to return 
data immediately, or the read command may be omitted for delayed reading 
as shown. 

When a field or point has been configured to the external strobe mode, 
the operation is similar to the non-external strobe, mode, described 
above, except that the external strobe substitutes for the internal 
strobe to input data. External strobe operation is illustrated in 
figure 12-5. 

In cycle 1 there is an external strobe and data is input. This data is 
read using the "read with internal strobe" command. In cycle 2 data is 
input with the external strobe but this time a "read without internal 
strobe" command is used. Therefore, the next external strobe inputs 
data as shown in cycle 3, and since there is no read command the 
external strobe is ignored in cycles 4 and 5. A read command in cycle 5 
returns the stored data of cycle 3 and reenables the external strobe for 
cycle 6. 
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NO EXT. STROBE MODE (CONFIG. REG. : FLD. 1 BIT 0=0 OR FLD. 2 BIT 1 =0 

OCCURRENCE IMMEDIATE NO DELAYED READ REENABLED 
READ STROBE STROBE 

(FIELD 1 
OR FIELD 2 ) CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 CYCLE 5 CYCLE 6 

Input Data 1 A 2 3 A 4 A 5 6 A 
Internal Str A NONE N°IE 
Input Read A NONE NONE NONE 
Stored Data 1 1 3 3 3 6 
Data Read 1 1 NONE NONE 3 NONE 

,~ h h ,~ ,~ 
" 

I 
No rmal read with into Reenabled into 
strobe where present strobe stores 
data is returned as data without 
valid data. read command. 

Optionally, this 
data could be 
read in cycle 6. 

Read without internal 
strobe. Data from previous 
into strobe returned. 

Read command without 
into strobe returns 
delayed data and re-

Delayed internal strobe enables strobe. If 
stores new da ta. However,further there were a " read 
into strobes disabled until with into strobe, " are 
the data from cycle 3 is read. Data 5 would be 

stored and returned. 

Internal strobe is disabled and 
will sto re no new data. 

Figure 12-4. Non-External Strobe Mode Operation 
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EXT. STROBE MODE (CONFIG. REG.: FLD. 1 BIT 0=1 OR FLD. 2 BIT 1 =1) 

OCCURRENCE IMMEDIATE READ DELAYED READ IMMEDIATE READ 
(FIELD 1 
OR FIELD 2) CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 CYCLE 5 CYCLE 6 CYCLE 7 

Input Data 1, 2, 3, 4, 5, 6, 7, 
Ext. Strobe 
Stored Data 1 , 2 , 3 3 3 A 6 A 'A Input Read , NONE, NONEA , A Int. Strobe NONE NONE 
Data Read 1 2 NONE NONE 3 6 7 

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

Normal read with 
into strobe. 
Input data from 
the ext. strobe 
is returned. 

Read without internal Data stored 
strobe. Data is using exter-
returned but the next nal strobe, 
internal strobe that and read 
occurs without an 
accompanying read com-
mand will disable 
further ext. strobes. 

Ext. strobe still 
disabled. Read com-
mand returns cycle 

Data is stored from the ext. 3 data and enables 
strobe but the internal subsequent external . 
strobe is not accompanied by strobes. 
a read command, and therefore 
disables further ext. strobes. 

Until a read command occurs, all 
strobes are disabled, and no data 
will be stored or returned. 

Figure 12-5. External Strobe Mode Operation 
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12.6 REGISTER ASSIGNMENTS 

Register assignments for ·the digital multifunction card are shown in 
table 12-3. 

The digital multifunction card has one input field and one output field. 
The addresses on page 1 are the input point register addresses; .reading 
from these addresses returns the current input value of the corresponding 
point. 

Writing to the addresses on page 5 will cause the output of the 
corresponding output point to be the value of the lowest bit of the data 
written to the corresponding address. Reading from these addresses will 
return the current value of the output from the corresponding point. 

The 
the 
read 
field 
shown 

count associated with each input point is available by reading from 
addresses on page 9. The preset for these counters is written to and 

from the addresses on page 10. The current input field and output 
values are available from the addresses on pages 11 and 12, as 

in the diagram below. 

The sense and enable registers for configuring interrupts on the input 
field are accessible through the first addresses on pages 14 and 15, and 
the interrupt status and card function register addresses are on page 16. 
Whenever the interrupt register is read, it is cleared automatically. 

The rollover register on page 13 is used to determine what value to load 
the multifunction counters with when the counter overflows. Each bit in 
the rollover register corresponds to a point counter. If the counter's 
rollover bit is set, it rolls over to the value in the preset register; 
if the bit is clear, it rolls over to O. 

The card configuration register of the multifunction card is used to 
configure the card for external strobe. 

Bit Meaning 

o 
1-7 
8 

9-31 

Enable External Strobe 
Undefined 
If bit 0 is set, this bit configures which 
transition of the strobe signal is valid. If bit 
8 is set, the data is strobed on the next 
rising edge. If bit 8 is clear, 
the data is strobed on the next falling edge. 
Undefined 

The card status register has only one significant bit. If bit 0 is set, 
the the field is waiting for an external strobe or an internal trigger. 
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TABLE 12-3. MULTIFUNCTION CARD REGISTER ASSIGNMENTS 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

C 
PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1 INPOINT 1 
2 INPOINT 2 
3 INPOINT 3 
4 INPOINT 4 
5 INPOINT 5 
'6 INPOINT 6 
7 INPOINT 7 
8 INPOINT 8 

9 INPOINT 9 
10 INPOINT 10 
11 INPOINT 11 
12 INPOINT 12 
13 IN POINT 13 
14 INPOINT 14 
15 INPOINT 15 
16 INPOINT 16 

~ 

\e~ PAGE 5 PAGE 6 PAGE 7 PAGE 8 

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

9 OUTPOINT 9 
10 OUTPOINT 10 
11 OUTPOINT 11 
12 OUTPOINT 12 
13 OUTPOINT 13 
14 OUTPOINT 14 
15 OUTPOINT 15 
16 OUTPOINT 16 
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TABLE 12-3. MULTIFUNCTION CARD REGISTER ASSIGNMENTS, CONTINUED 

word 1 word 2 word 1 word 2 word 1 word 2 word 1 word 2 

"2 t' it ~, PAGE 9 PAGE 10 PAGE 11 PAGE 12 

1 COUNT 1 PRESET 1 INFIELD 1 OUTFIELD 1 
2 COUNT 2 PRESET 2 
3 COUNT 3 PRESET 3 
4 COUNT 4 PRESET 4 
5 COUNT 5 PRESET 5 
6 COUNT 6 PRESET 6 
7 COUNT 7 PRESET 7 
8 COUNT 8 PRESET 8 

9 COUNT 9 PRESET 9 
10 COUNT 10 PRESET 10 
11 COUNT 11 PRESET 11 
12 COUNT 12 PRESET 12 
13 COUNT 13 PRESET 13 
14 COUNT 14 PRESET 14 
15 COUNT 15 PRESET 15 
16 COUNT 16 PRESET 16 

.. 

I"}'?. PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 ROLLOVER SENSE UNMASK INTERRUPTS 
2 0 0 0 0 
3 OVERRIDE 
4 0 
5 
6 
7 
8 

9 CARD CONFIG 
10 0 
11 CARD STATUS 
12 0 
13 CARD ID REG 
14 0 
15 0 
16 BIF 
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12.7 PIN ASSIGNMENTS AND CABLING 
Table 12-3 shows the signals that are routed to the card connector pins 
on the edge of the card. The connector numbering scheme is shown in 
figure 3-11, at the end of Section III of this manual. 

Table 12-3. HP 25516A I/O Connector Module Pin Assignments 

CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTION 

AIJ1 1,2 17a-ohm res. A3Jl 1,2 147-ohm res. 
AIJ1 3 N. C •• A3Jl 3 F1d. 2 Strobe 
AIJI 4 NOT USED A3Jl 4 Strobe Gnd. 
AIJ2 1 Out Pt. 1 + A3J2 1 In Pt. 1 + 
AIJ2 2 Out Pt. 1 - A3J2 2 In Pt. 1 -
AIJ2 3 Out Pt. 2 + A3J2 3 In Pt. 2 + 
AIJ2 4 Out Pt. 2 - A3J2 4 In Pt. 2 -
AIJ5 1 Out Pt. 3 + A3J5 1 In Pt. 3 + 
AIJ5 2 Out Pt. 3 - A3J5 2 In Pte 3 -
AIJ5 3 Out Pt. 4 + A3J5 3 In Pt. 4 + 
AIJ5 4 Out Pt. 4 - A3J5 4 In Pt. 4 -
A1J6 1 Out Pt. 5 + A3J6 1 In Pt. 5 + 
A1J6 2 Out Pt. 5 - A3J6 2 In Pt. 5 -
AIJ6 3 Out Pt. 6 + A3J6 3 In Pt. 6 + 
AIJ6 4 Out Pt. 6 - A3J6 4 In Pt. 6 -
A1J9 1 Out Pt. 7 + A3J9 1 In Pt. 7 + 
AIJ9 2 Out Pt. 7 - A3J9 2 In Pt. 7 -
AIJ9 3 Out Pt. a + A3J9 3 In Pt. a + 
A1J9 4 Out Pt. a - A3J9 4 In Pt. a -
A2J1 1,2 17a-ohm res. A4Jl 1,2 147-ohm res. 
A2Jl 3,4 NOT USED A4Jl 3,4 NOT USED 
A2J2 1 Out Pt. 9 + A4J2 1 In Pt. 9 + 
A2J2 2 Out Pt. 9 - A4J2 2 In Pt. 9 -
A2J2 3 Out Pt. 10 + A4J2 3 In Pt. 10 + 
A2J2 4 Out Pt. 10 - A4J2 4 In Pt. 10 -
A2J5 1 Out Pt. 11 + A4J5 1 In Pt. 11 + 
A2J5 2 Out Pt. 11 - A4J5 2 In Pt. 11 -
A2J5 3 Out Pt. 12 + A4J5 3 In Pt. 12 + 
A2J5 4 Out Pt. 12 - A4J5 4 In Pt. 12 -
A2J6 1 Out Pt. 13 + A4J6 1 In Pt. 13 + 
A2J6 2 Out Pt. 13 - A:4J6 2 In Pt. 13 -
A2J6 3 Out Pt. 14 + A4J6 3 In Pt. 14 + 
A2J6 4 Out Pt. 14 - A4J6 4 In Pt. 14 -
A2J9 1 Out Pt. 15 + A4J9 1 In Pt. 15 + 
A2J9 2 Out Pt. 15 - A4J9 2 In Pt. 15 -
A2J9 3 Out Pt. 16 + A4J9 3 In Pt. 16 + 
A2J9 4 Out Pt. 16 - A4J9 4 In Pt. 16 -

12-22 



HP 25516 

The connection between the digital multifunction card and the field 
wiring is made with one oE two cables: 

HP 25550A (digital card cable with screw terminations) 

HP 255508 (digital card cable, unterminated) 
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Section XIII 
UP 25594 Thermocouple Reference Connector 

13.1 INTRODUCTION 

This section provides information for the HP 25594 Thermocouple Reference 
Connector (TRC). Included are specifications and a functional 
description. Installation information for the connector is provided in 
the HP 2250 Measurement and Control Processor Installation and Start-Up 
Manual, part number 02250-90012. 

13.2 DESCRIPTION 
The HP 25594 (TRC), shown in figure 13-1, provides an accurate reference 
junction for thermocouple measurements. 

The TRC accepts input voltages from up to 15 thermocouples, generates a 
reference voltage in proportion to the temperature of the TRC, and 
transfers' the thermocouple voltages and the reference voltage to its 
output connectors. (The HP 2250 can convert these measurements directly 
into temperature readings. Refer to the HP 2250 Programmer's Manual, 
part number 25580-90001, for details.) 

The HP 25594 TRC is available in two versions: 

HP 25594A TRC, for use with the HP 25503 LLMUX card 

HP 255948 TRC, for use with the HP 259D4 RLYMUX card 

I CAUTION I 

DO NOT CONNECT AN HP 25594A TRC TO AN HP 25504 RLYMUX 
CARD. Due to differences in the cable configurations of 
the two TRCs, use of an HP 25594A TRC with a RLYMUX card 
could result in the routing of high common mode voltages 
to terminations on the TRC where they are not expected. 
These common mode voltages may be as high as 350 volts or 
more, and are potentially lethal. Use only the HP 255948 
TRC with the RLYMUX card. 
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Note that these two TRCs are NOT INTERCHANGEABLE, due to the differences 
in the cable configurations. As indicated in the warning above, use of 
an HP 25594A TRC with a RLYMUX card could subject you to hazardous, or 
even lethal, voltages. Use of the HP 25594B TRC with an LLMUX card is 
not hazardous, but it will cause you to lose the use of every other 
channel on the card. 

13.3 SPECIFICATIONS 

Specifications for the TRC are provided in table 13-1. 
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Figure 13-1. HP 25594 Thermocouple Reference Connector 
(The HP 25594A is shown here. The HP 255948 is similar, 
except that it has four card connectors instead of two.) 

HP 25594 
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Table 13-1. HP 25594 Specifications 

FEATURES 

Up to 15 thermocouple inputs 

Used with types B, E, J, K, R, S, and T thermocouples 

Allows any combination of thermocouple types 

Accepts up to AWG 18 wire 

Provides voltage output proportional to connector temperature 

APPLICATIONS 

Provides an accurate reference junction for thermocouple 
measurements. 

PROGRAMMING INFORMATION 

REF command: Read temperature of the specified reference 
connector 

JTEMP command: Read temperature of the specified type J 
thermocouple 

KTEMP command: Read temperature of the specified type K 
thermocouple 

TTEMP command: Read temperature of the specified type T 
thermocouple 

ETEMP command: Read temperature of the specified type E 
thermocouple 

RTEMP command: Read temperature of the specified t-ype R 
thermocouple 

STEMP command: Read temperature of the specified type S 
thermocouple 

BTEMP command: Read temperature of the specified type B 
thermocouple 
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Table 13-1. HP 25594 Specifications (Continued) 

ELECTRICAL CHARACTERISTICS 

Temperature Gradient: 

Reference Output: 

Accuracy (0 to 70 degrees C): 
(0 to 50 degrees C): 

Stability: 

Overvoltage Protection: 

< 0.1 degree C (across the 
entire connector) 

10 mY/degree C nominal 

+/- 0.35 degree C 
+/- 0.25 degree C 

< 0.3 degree C/1000 hours 

+/- 80 VDC indefinite (power 
inputs) 
+/- 36 VDC indefinite (reference 
output) 

PHYSICAL CHARACTERISTICS 

Width: 5.72 cm (2.25 inches) 

Depth: 16.2 cm (6.4 inches) 

Weight: 300 gm (0.66 pound) 

13.4 FUNCTIONAL DESCRIPTION 

Figure 13-2 contains a functional block 
inputs/outputs and functions of the HP 25594. 

diagram showing the 

The TRC has 15 input channels and 16 output channels. Input channels 1 
through 15 receive independent thermocouple voltages from any type of 
thermocouple. Output channels 1 through 15 are used for transferring 
the thermocouple voltages to the inputs of the LLMUX or RELMUX. Output 
channel 16-----transfers the thermocouple reference vol tage to the input of 
the LLMUX or RELMUX. 
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Figure 13-2. 
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The TRC temperature is converted to a voltage proportional to the TRC 
temperature and is applied to output channel 16. Power for operating 
the TRC reference circuitry is supplied by the LLMUX or RELMUX via the 
Thermocouple Inpu~ Cable. 

The TRC maintains a uniform temperature across its thermocouple input 
connectors (thermocouple reference junction points), thereby providing 
the same temperature for each reference point. If a temperature change 
does occur, the change will be the same for all thermocouple reference 
junctions. This allows them to operate with one common reference 
voltage. 

This feature, along with software correction tables, 
TRC operation with inputs from different types of 
table 13-1 for the different types of thermocouples). 

13.5 CALIBRATION 

provides accurate 
thermocouples (see 

Calibration of the HP 25594 is performed at the factory under controlled 
. conditions. If re-calibration is necessary, the unit should be returned 

to Hewlett-Packard. 
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The TRC temperature is converted to a voltage proportional to the TRC 
temperature and is applied to output channel 16. Power for operating 
the TRC refe~ence circuitry is supplied by the LLMUX or RELMUX via the 
Thermocouple Input Cable. 

The TRC maintains a uniform temperature across its thermocouple input 
connectors (thermocouple reference junction points), thereby providing 
the same temperature for each reference point. If a temperature change 
does occur, the change will be the same for all thermocouple reference 
junctions. This allows them to operate with one common reference 
voltage. 

This feature, along with software correction tables, 
THC operation with inputs from different types of 
table 13-1 for the different types of thermocouples). 

provides accurate 
thermocouples (see 

13.5 CALIBRATION 

Calibration of the HP 25594A is performed at the 
controlled conditions. If re-calibration is necessary, 
be returned to Hewlett-Packard. 
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14.1 INTRODUCTION 

Section XIV 
Signal Conditioning Modules 

This section provides information on the signal conditioning modules 
(SCMs) available with the HP 2250 Measurement and Control Processor. 
Included are descriptions and specifications for all SCMs. Installation 
instructions for the SCMs are provided in the HP 2250 Measurement and 
Control Processor Installation and Start-Up Manual, part number 
02250-90012. 

14.2 DESCRIPTION 

Signal conditioning modules (SCMs) are small printed circuit assemblies 
that plug onto digital Ilo function cards and tailor the cards for 
interfacing to different types of sensors and actuators. Use of the 
SCMs gives maximum signal conditioning modularity to the function cards. 

SCMs provide input signal conditioning in increments of four points. 
Because different input SCMs can reside on the same digital input and 
multifunction cards, a single card can be interfaced to a variety of AC 
and DC signals. SCMs also provide optional input isolation via optical 
isolators. 

The digital output (HP 25513A) and multifunction (RP 26616A) cards use 
four point output SCMs to give output switching capability for many 
types of AC and DC loads. The relay output card (HP 25514A) uses SCMs 
for relay arc suppression. 

All digital function cards can be triggered with an external strobe 
signal. Therefore, these cards can accept one or two one-point SCMs for 
interfacing to strobe signals if necessary. Note that the use of the 
external strobe SCM does not reduce the point capacity of any function 
card. For example, the HP 25511A 32-Point Digital Input card has all 32 
points available regardless of whether the strobe SCM is used or not. 
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Signal Conditioning Modules 

The matrix shown in figure 14-1 indicates which signal conditioning 
modules may be used with the various digital function cards. Each SCM 
product number has several alpha suffixes that indicate a specific type 
of AC or DC signal. For example, the HP 25531 Non-Isolated Digital 
Input SCM series is available in the following voltage ranges: 

HP 25531B 5 VDC range 
HP 25531C 1 2 VDC range 
HP 25531D 24 VDC range 
HP 25531E 48 VDC range 
HP 25531K 5 VDC range, sink inputs 
HP 25531L 1 2 VDC range, sink inputs 

Consult the following paragraphs for the individual SCMs for further 
details. 

14.3 SUMMARY OF SIGNAL CONDITIONING MODULES 

All SCMs are described in the remainder of this section. A brief 
summary of the SCMs is presented below: 

1-Point/4-Point Non-Isolated Digital Input SCMs: 

HP 25531 - 1-Point (Strobe) 
HP 25535 - 4-Point 

The 1-point/4-point non-isolated digital input SCMs serve as the 
electrical interface between the function cards and the digital 
signals in the external process. 

1-Point/4-point Isolated Digital Input SCMs: 

HP 25533 - 1-Point 
HP 25537 - 4-Point 
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The 1-point/4-point isolated digital input SCMs are used to 
condition AC/DC signals of various ranges for compatibiltiy with the 
function cards. 
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DIGITAL I/O SIGNAL CONDITIONING MODULES (SCMs) 

.... --------...... -------. ....... f---------------+. 
Input SCMs Output SCMs 

Strobe SCMs 

25531 25533 25535 25537 25539 25543 25544 25545 

FUNCTION CARDS 
1 Ch. Non 1 Ch. Iso 4 Ch. Non 4 Ch. Iso 4 Ch. Relay 4 Ch. Iso 4 Ch. Non 2 Ch. AC 

Iso DC AC/DC 110 DC AC/DC Arc Suppres DC Iso DC . 
25511A 
32 Point Digital J .J J .J 
Input Card 

25513A 
32 Point Digital J .J .J .J ..J 
Output Card 

25514A 
16 Point Relay oJ .J .J 
Output Card 

25516A 
32 Point Digital J .j .j .J .j .J .J 
Multifunc. Card 

'Use of all AC output SCMs on the digital output card limits the users to 16 output points. 

2250-107L 

Figure 14-1. Signal Conditioning Module Matrix 
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4-Channel Relay Arc Suppression SCM: 

HP 25539 

Each 4~channel relay arc suppression SCM provides protection for 
both the Normally Open (NO) and Normally Closed (NC) contacts of 
four relays from arcing due to switching inductive loads. 

4-Channel Isolated VMOS Output SCM: 

HP 25543 

The 4-channel isolated VMOS output SCM uses transformer isolation to 
eliminate ground loops and enable on-card CMOS logic to switch 
high-level signals. 

4-Channel VMOS Output SCM: 

HP 25544 

The 4-channel VMOS output SCM provide the fastest switching 
available in the digital output SCM series, with a non-isolated 
external strobe-to-output switching time of 2 usec. 

2-Channel Solid State Relay SCM: 
. 
HP 25545 

The solid state relay SCM facilitates the switching of AC loads 
without requiring external wiring. 

In addition to the digital function card SCMs described above, an analog 
input SCM is available, as follows: 

8-Channel Analog Input SCM: 

HP 25540 

14-4 

The 8-channel analog input SCM provides 250 ohms current loop 
termination, and 2-pole low pass filters for the HP 25502A and HP 
25503A solid state multiplexer cards. 



Table 14-0 
Signal Conditioning Modules 

PRODUCT NO. DESCRIPTION PART NO. 

25531B 5VDC One Channel 25531-60001 
" C 12VDC non-isolated 25531-60002 
" D 24VDC digital in 25531-60003 
" E 48VDC 25531-60004 
" K 5VDC* 25531-60005 
" L 12VDC* 25531-60006 

25533B 5VDC One channel 25533-60001 
" C 12VDC non-isolated 25533-60002 
" D 24VDC digital in 25533-60003 
" E 48VDC 25533-60004 
" F 72VDC 25533-60005 
" G 120VDC/72VAC 25533-60006 
" H 115VAC 25533-60007 
" J 230VAC 25533-60008 

25535B 5VDC Four channel 25535-60001 
" C 12VDC non-isolated 25535-60002 
" D 24VDC digital in 25535-60003 
" E 48VDC 25535-60004 
" K 5VDC* 25535-60005 
" L 12VDC* 25535-60006 

.. 

25537P 5VDC Four channel 25537-60001 
" Q 12VDC isolated 25537-60002 
" R 24VDC/16VAC digital in 25537-60003 
" S 48VDC 25537-60004 
" T 72VDC 25537-60005 
" U 120VDC/72VAC 25537-60006 
" V 115VAC 25537-60007 
" w 230VAC 25537-60008 
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Table 14-0 (cont.) 

PRODUCT NO. DESCRIPTION PART NO. 

25539A BLANK Four channel 25539-80001 
" E 0-30 VDC relay arc 25539-60005 
" G 24VAC suppression 25539-60007 
" H 115VAC 25539-60008 
" J 230VAC 25539-60009 

25540A BLANK Analog In 5081-0106 
" B W/FILTER 25540-60001 
" C SENS/RES 25540-60002 
" D FIL/SEN.RES 25540-60003 

Four channel 
25543N isolated VMOS 25543-60001 

25544A OPEN DRAIN Four channel 25544-60001 
" B 5VDC Non-Isolated 25544-60002 
" C 12VDC VMOS out 25544-60003 

25545P Two channel 25545-60001 
SSRLY out 

N/A Single channel relay 25504-60002 
module 

It -: Sink-type inputs 
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14.4 SCM USAGE EXAMPLE 

An example of how one card can use multiple SCMs is shown below: 

HP 25516A 32-Point Digital Multifunction card 

INPUTS WITH SCMs OUTPUTS WITH SCMs 

HP 25535B 4-Ch. Non-Iso. 5VDC Input HP 25543A 4-ch. Iso. VMOS Output 
HP 25535D 4-Ch. Non-Iso. 24VDC Input HP 25544B 4-Ch. 5VDC Output 
HP 25537B 4-Ch. Iso. 5VDC Input HP 25544C 4-Ch. 12VDC Output 
HP 25537H 4-Ch. Iso. 11 5V AC Input HP 25545A 2-Ch. SSR Output 

Strobe SCM: HP 25533D 1-Channel Isolated 24 VDC 
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14.5 I-POINT/4-POINT NON-ISOLATED DIGITAL I~PUT SCMS 

The 1-point (HP 25531 Series), and 4-point (HP 25535 Series) SCMs, shown 
in figure 14-2, are listed below: 

HP 25531 1-Point Non-Isolated Digital Input SCM 

HP 25531B 5 VDC range 
HP 25531C 1 2 VDC range 
HP 25531D 24 VDC range 
HP 25531E 48 VDC range 
HP 25531K 5 VDC range, sink input 
HP 255311 12 VDC range, sink input 

HP 25535 4-Point Non-Isolated Digital Input SCM 

HP 25535B 5 VDC range 
HP 25535C 1 2 VDC range 
HP 25535D 24 VDC range 
HP 25535E 48 VDC range 
HP 25535K 5 VDC range, sink inputs 
HP 255351 1 2 VDC range, sink inputs 

14.5.1 HP 25531/25535 Description 

A schematic diagram of the HP 25531/25535 SCMs is shown in figure 14-3. 

The 1-point/4-point non-isolated digital input SCMs serve as the 
electrical interface between the digital signals in the external process 
and the function cards. Hysteresis is provided for increased noise 
immunity. Debouncing is provided for contact closures and noise 
filtering. A 1.5 rnA wetting current is provided for contact closure 
sensing. 

The 1-point SCM (HP 25531 series) is used for the additional single 
input (external strobe) found on most digital function cards. 
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2250-108H 

Figure 14-2. HP 25531/25535 SCMs 
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225Q-109L 

Figure 14-3. 
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SOURCE TYPE INPUTS 

5 VDC or 12 VDC 

SINK TYPE INPUTS 

5VDC OR 12VDC 

RFILTER 

ONLY ONE CHANNEL SHOWN 

12 VDC ,----.--

12 VDC ,----.--

HP 25531/25535 Schematic Diagram 
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14.5.2 HP 25531/25535 Specifications 

Specifications for the HP 25531/25535 are provided in table 14-1. 

Table 14-1. HP 25531/25535 Specifications 

FEATURES 

Hysteresis 

Debounce/noise filter 

Input range/type selection 

Wet sensing of contact closures 

APPLICATIONS 

Limit switch sensing 

5V to 48V voltage sensing 

Relay contact sensing 

Static Parameters for Source Type Inputs 

Operating 'osolute 
Nominal Range (,jaximum Turn-off Turn-on 

Product Fullscale Vin Vin Rin Vin Vin 
Number Vin lin (V) (V) (\' (V) (KO) (KO) (V) (V) (V) (V) 

Suffix (V) (mA) Min Max Mr Max Min Max Min Max Min Max 

B 5 1.5 -10 15 _.: 20 2.9 3.2 0.7 2 3 4.3 
C 12 1.5 - 5 15 -' J 20 8.0 8.6 1.7 4.8 7.2 10.3 
0 24 1.5 - 8 28 -- 3 38 15.6 17.0 3.3 9.8 14.1 21.1 
E 48 1.5 -16 50 -,.1 51 29.4 30.8 6.0 18.2 25.6 39.1 

Static Parameters for Sink Type Inputs 

Nominal Open 
Open Short Circuit Turn-on Turn-off 

Product Circuit Circuit Vin Rin Vin Vin 
Number Vin lin (V) (KO) (V) (V) 
Suffix (V) (mA) Min f!it:X Min Max Min Max Min Max 

K 5 -1.5 4.5 :.5 2.9 3.2 .7 2 3 4.3 
L 12 -1.5 11.5 ' :.5 8.0 8.4 1.7 4.8 7.2 10.3 
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Table 14-1. HP 25531/25535 Specifications (Continued) 

DYNAMIC PARAMETERS (IDENTICAL FOR ALL PRODUCT NUMBERS) 

PROPAGATION DELAY 

With filter capacitor: 15 msec minimum, 53 msec maximum 

Without filter capacitor: 500 nsec minimum, 28 usec maximum 

WIDTH OF NARROWEST OUTPUT PULSE 

With filter capacitor: 6.9 msec minimum, 49 msec maximum 

Without filter capacitor: 200 nsec minimum, 21 usec maximum 

NOTES: 

14-10 

1. All products shipped with debounce filter. If no debounce is 
desired, the filter capacitor must be clipped off. 

2. An isolated pulse is one that occurs when the fil~er capacitor 
has had time to fully charge or discharge. This time is 100 ms. 

3. Due to the pulse stretching effect of the hysteresis, if an 
input pulse is of sufficient width to be detected, an output 
pulse of the minimum width will be produced. 
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14.6 I-POINT/4-POINT ISOLATED DIGITAL INPUT SCMS 

The 1-point (HP 25533) and 4-point (HP 25537) isolated digital input 
SCMs, shown in figure 14-4, are listed below: 

HP 25533 1-Point Isolated Digital Input SCM 

HP 25533B 5 VDC range 
HP 25533C 1 2 VDC range 
HP 25533D 24 VDC (16 VAC) range 
HP 25533E 48 VDe range 
HP 25533F 72 VDC range 
HP 25533G 120 VDC (72 VAC) range 
HP 25533H 1 1 5 VAC range 
HP 255331 230 VAC range 

HP 25537 4-Point Isolated Digital Input SCM 

HP 25537P 5 VDC range 
HP 25537Q 12 VDC range 
HP 25537R 24 VDC (16 VAC) range 
HP 25537S 48 VDC range 
HP 25537T 72 VDC range 
HP 25537U 120 VDC (72 VAC) range 
HP 25537V 1 1 5 VAC range 
HP 25533W 230 VAC range 

14.6.1 HP 25533/25537 Description 

A schematic diagram of the HP 25533/25537 SCMs is shown in figure 14-5. 

The 1-point/4-point isolated digital input SCMs are used to condition 
AC/DC signals of various ranges for compatibility with the function 
cards. 

The isolation is optical, with threshold sensing performed prior to the 
LED to obtain independence from LED degradation. 

1 4-1 1 
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2250-110H 

Figure 14-4. HP 25533/25537 SCMs 
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AC/DC INPUTS 

12 VDC 

>----'.J\I\~--< 

>---o~--------'=+--' 

DC INPUTS 

2250-111 L 

Figure 14-5. HP 25533/25537 Schematic Diagram 
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14.6.2 UP 25533/25537 Specifications 

Specifications for the HP 25533/25537 are provided in table 14-2. 

Table 14-2. HP 25533/25537 Specifications 

FEATURES 

Hysteresis 

Debounce/noise filter 

Input range selection 

Optical isolation with thresholds independent of LED degradation 

AC/DC inputs 

APPLICATIONS 

14-14 

Limit switch sensing 

5 VDC to 230 VAC voltage sensing 

Relay contact sensing 

Relay coil voltage monitoring 

Current sensing 
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Table 14-2. HP 25533/25537 Specifications (Continued) 

STATIC PARAMETERS 

Maximum 
Operating Yin and 

Nominal Resultant Lin DC Input Thresholds AC Input 
Product Fullscale Nominal Input Vin . Lin Turn-Off Turn-On Threshold 
Number (V) Power Dissipation (V) (mA) (VDC) (VDC) (VAG) 
Suffix DC/AC (mW) DC/AC DC/AC Min Max Min Max Min Max 

B,P 5/- 25/- 10/- 15/ - 2.0 2.9 3.4 4.1 - -
C,P 12/- 601- 18/- 15/- 3.2 4.8 5.7 7.9 - -
D,R 24/16 120/80 30/30 10/10 6.3 9.9 11.0 16.4 7.8 11.6 
E,S 48/- 2401- 77177 10110 10.7 18,2 19.5 32.3 13.8 22.8 
F,T 72/- 360/- 100/100 10/10 14.3 24.7 26.6 44.7 18.8 31.6 
G.U 120/72 600/360 140/140 8/8 23.8 41.7 45.2 77.3 32.0 54.7 
H,V -1115 -1575 160/160 7/7 28.5 50.2 54.5 93.7 38.5 66.2 
J.W -1230 -11150 250/250 515 56.1 99.5 108.4 188.4 ·76.7 133.2 

NOTES: 

1. Due to the pulse stretching effect of the hysteresis, if an 
input pulse has enough energy to be detected (i.e., if the 
capacitor is allowed to charge/discharge sufficiently to cross 
one threshold), an output pulse of width as indicated above will 
be produced (i.e., of width equal to the time that it takes the 
capacitor to discharge/charge sufficiently to cross the other 
threshold). 

2. In order for an input pulse to be detected, it must be wider 
than the maximum propagation delay. (Input pulses of width 
less that the minimum progagation delay will be ignored.) 

3. A "TURNED OFF" input produces a high output voltage which is 
interpreted by the function cards as a logic zero. 

A "TURNED ON" input produces a low output voltage which is 
interpreted by the function cards as a logic one. Note that 
undriven inputs produce logic zeros. 

4. The SCM load consists of a 56K resistor to +12 V on the 
function card. 
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Table 14-2. HP 25533/25537 Specifications (Continued) 

5. Positive current flows into the SCM input. 

6. AC voltages and currents are RMS. 

7. All products shipped with debounce filter. If no debounce is 
desired, the filter capacitor must be clipped off. The filter 
is required for AC operation. 

INPUT CURRENT AT NOMINAL INPUT VOLTAGE 

5 mA 

INPUT TURN-ON CURRENT 

1.96 mA minimum, 3.11 mA maximum 

INPUT TURN-OFF CURRENT 

1.00 mA minimum, 1.62 mA maximum 

INPUT-OUTPUT INSULATION LEAKAGE CURRENT 

Maximum 1 uA at 25 degrees/C, 45% relative humidity, and 
Vin-out = 2500 VDC applied for 5 seconds 

DYNAMIC PARAMETERS 

PROPAGATION DELAY TIME TO LOGIC LOW OUTPUT LEVEL 

With filter capacitor: 400 usec minimum, 1.4 msec maximum 

Without filter capacitor: 20 usec maximum 

PROPAGATION DELAY TIME TO LOGIC HIGH OUTPUT LEVEL 

With filter capacitor: 40 msec minimum, 133 msec maximum 

Without filter capacitor: 70 usec maximum 
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Table 14-2. HP 25533/25537 Specifications (Continued 

WIDTH OF NARROWEST LOW-GOING OUTPUT PULSE 

With filter capacitor: 18 msec minimum, 123 msec maximum 

WIDTH OF NARROWEST HIGH-GOING OUTPUT PULSE 

With filter capacitor: 18 usec minimum, 1.3 msec maximum 

AC INPUT FREQUENCY RANGE: 

With filter capacitor: 47 Hz minimum, 420 Hz maximum 
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14.7 4-CHANNEL RELAY ARC SUPPRESSION SCMS 
The HP 25539 4-channel relay arc suppression SCMs, shown in figure 14-6, 
are listed below: 

HP 25539A 
HP 25539E 
HP 25539G 
HP 25539H 
HP 25539J 

For user-suppled components 
o to 30 VDC arc suppression 
24 VAC arc suppression 
115 VAC arc suppression 
230 VAC arc suppression 

14.7.1 UP 25539 Description 

A schematic diagram of the UP 25539 SCM is shown in figure 14-7. 

Each SCM provides protection for both the normally open and normally 
closed contacts of four relays from arcing due to switching inductive 
loads. 

14.7.2 UP 25539 Specifications 

Specifications for the HP 25539 are provided in table 14-3. 
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22S0-112H 

Figure 14-6. HP 25539 SCMs 
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25539 A 

COM 1 

I 

NO 
, 

NC 

225Q-113L 

~~ 
Space for 
user-supplied 
components 

J 

255398, Go, fo{ J 01' J 

COMTI 

NO 
NC 

Figure 14-7. HP 25539 Sqhematic Diagram 
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Table 14-3. HP 25539 Specifications 

FEATURES 

Transient suppression for both the normally open and 
normally closed contacts of four relays. 

Suitable for 0 - 30 VDC loads, or 24 - 230 VAC loads. 

HP 25539A provides space for user-supplied arc suppression 
components such as R-C snubber networks. 

HP 25539B provides high-speed bipolar transient suppression for 
o - 30 VDC load. 

HP 25539G, H, and J provide high-speed bipolar transient 
suppression zener diodes for 24 VAC, 115 VAC, and 230 VAC, 
respectively. 

APPLICATIONS 

Used to prevent damage and reduce noise due to voltage spikes 
accompanying the switching of inductive loads. 

HP 25539A 

The HP 25539A 4-Channel Relay Arc Suppression SCM provides 
space for two components per relay pole as shown in figure 
14-7. Maximum space available for the components is as 
follows: 

LEAD 
WIDTH LENGTH HEIGHT DIAMETER 

COMPONENT 1 2.54 mm 1 2.7 mm 12.7 mm 1 .06 mm 
0.1 inch 0.5 inch 0.5 inch 0.042 inch 

COMPONENT 2 6.35 mm 20.3 mm 12.7 mm 1 .06 mm 
0.25 inch 0.8 inch 0.5 inch 0.042 inch 
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Table 14-3. HP 25539 Specifications (Continued) 

HP 25539B 

Maximum clamping time: 5 nsec 

Peak current: 3 A 

Reverse stand-off voltage: 30 VDC 

Maximum clamping voltage: 57 volts 

Breakdown voltage: 35 - 43 volts 

Maximum reverse leakage at 30 VDC, 
25 degrees C : 5 uA 

HP 25539G, H, and J 

Maximum clamping time: 5 nsec 

Peak current: 3 A 

Reverse Breakdown Maximum Maximum 
Stand-off Voltage Clamping Reverse 
Voltage at 1 mA Voltage Leakage 

at 3 A at 
25 degrees C 

25539 V ,Vrms) V V uA 

G 24 V 39 - 47 50 5 

H 11 5 V 180 - 220 260 5 

J 230 V 360 - 440 528 5 
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14.8 8-CHANNEL ANALOG INPUT SCMS 

The HP 25540 8-channe1 analog input SCMs, shown in figure 14-8, are 
listed below: 

HP 25540A 
HP 25540B 
HP 25540C 
HP 25540D 

For user-supplied components 
Psssive filter network capacitors 
Passive filter network current-loop resistors 
Passive filter network current-loop resistors 
and filter capacitors 

14.8.1 HP 25540 Description 

A schematic diagram of the HP 25540 SCM is shown in figure 14-9. 

The HP 25540 SCMs provide 250 ohms current loop termination, and 
two-pole low-pass filters for the HP 25502A 32-Channe1 High-Level 
Multiplexer and the HP 25503A 32-Channe1 Low-Level Multiplexer cards. 
These SCMs also allow space for users to mount their own current 
termination resistors and filter capacitors. 

14.8.2 HP 25540 Specifications 

Specifications for the HP 25540 are provided in table 14-4. 
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Figure 14-8. HP 25540 SCMs 
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ONMUX ON MUX 

+0 + 
CARD CARD 

CHANNEL ON ON ON 
INPUTS TO 

MUX 
INPUTS SCM SCM SCM NETWORK 

ON MUX ON MUX 

CARD CARD 

2250-115L 

Figure 14-9. HP 25540 Schematic Diagram 

14-25 



Signal Conditioning Modules 

Table 14-4. HP 25540 Specifications 

FEATURES 

250-ohm termination resistors 

Two-pole RC filters 

Space for user-selected termination 

Space for user-selected fil ter capacitors 

APPLICATIONS 

Used for current loop termination and/or input filtering. 

ELECTRICAL CHARACTERISTICS 

Current loop termination: 

Resistance: 250 ohm +/- 0.025% 

Temperature coefficient: 1 0 PPM/degree C 

Filter pole frequencies (minimum) : 52 Hz 
7.5 Hz 

Filters: 

PRODUCT 
NUMBER FILTERS CURRENT TERMINATION 

HP 25540A * * 
HP 25540B YES * 
HP 25540C * . YES 

HP 25540D YES YES 

* Space available for user-supplied components 
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14.9 4-CHANNEL ISOLATED VMOS OUTPUT SCM 
The HP 25543A 4-Channel Isolated VMOS SCM is shown in figure 14-10. 

14.9.1 HP 25543A Description 

A schematic diagram of the HP 25543A is shown in figure 14-11. 

The HP 25543A 
enable on-card 
contains four 
frequencies up 

uses transformer isolation to eliminate ground loops and 
CMOS logic to switch high-level signals. Each HP 25543A 
fully isolated channels, each of which can operate at 
to 30 KHz. 

2250-116H 

Figure 14-10. HP 25543A SCM 
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FUNCTION 
~ CARD 

22SQ-117L 

FIELD 
TERMINALS 

Figure 14-11. HP 25543A Schematic Diagram 

14.9.2 HP 25543A Specifications 

Specifications for the HP 25543A are provided in table 14-5. 
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Table 14-5. HP 25543A Specifications 

FEATURES 

Four independent channels per card 

Can be used with pulse, multifunction, and digital output 
function cards 

Pulse transformer isolation to 1500 volts 

APPLICATIONS 

Isolation allows switching of high common mode voltages 

VMOS field effect transistors switch 60 VDC, 300 mA 

AC signals up to 42 VAC rms, 300 mA can be switched by 
configuring channels back-to-back 

Controls motor contacting relays and actuating solenoids 

ELECTRICAL CHARACTERISTICS 

Output Voltage: 

Output Sink Current: 
(logic 1 (mA) at V 

Rise Time: 

Fall Time: 

Turn-On Delay: 

Turn-Off Delay: 

= 0.75V 

Isolation, input to output: 

Off-State Leak Current: 

60 volts, maximum 

300 volts, maximum 

50 nsec, typical 

200 nsec, typical 

2 usec, maximum 

30 usec, maximum 

1500 volts, minimum 

10 uA, maximum 
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14.10 4-CHANNEL NON-ISOLATED VMOS OUTPUT SCM 

The HP 25544 4-Channel Non-Isolated VMOS Output SCMs, shown in figure 
14-12, are listed below: 

HP 25544A 
HP 25544B 
HP 25544C 

Open drain circuit 
5 VDC range 

12 VDC range 

14.10.1 HP 25544 Description 

A schematic diagram of the HP 25544 is shown in figure 14-13. 

The HP 25544 series SCMs are driven directly from CMOS logic levels on 
the digital function cards. The SCMs provide the fastest switching 
available in the digital output SCM series, with a non-isolated external 
strobe-to-output switching time of 2 usec. 

The HP 25544A SCM is an open-drain 
protection. This SCM will switch 42 
(when -CH1 and -CH2 are left open), 
and -CH4 are left open). 

transistor with zener overvoltage 
VAC, rms loads across +CH1 and +CH2 
and across +CH3 and +CH4 (when -CH3 

The HP 25544B and HP 25544C SCMs use pull-up resistors connected to 
on-card voltage regulators to drive +5 and +12 volt logic. 
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2250-118H 

Figure 14-12. HP 25544 SCMs 
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Figure 14-13. HP 25544 Schematic Diagram 
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14.10.2 HP 25544 Specifications 

Specifications for the HP 25544 are provided in table 14-6. 

Table 14-6. HP 25544 Specifications 

FEATURES 

Four independent channels per card 

Can be used with digital output, multifunction, and pulse output 
function cards. 

High-speed switching provided through VMOS field effect transistors 

Outputs are disabled (turned off) at power-on and power~off 

APPLICATIONS 

The HP 25544A is used to provide switching of DC signals up to 
60 volts, 300 mAo 

The HP 25544B is used to drive TTL logic. 

The HP 25544C is used to drive MOS/CMOS +12 volt logic. 

ELECTRICAL CHARACTERISTICS 

HP 25544A 

Maximum Logic 0 Output Voltage: 

Maximum Continuous Output: 

Maximum Logic 1 Output Voltage: 

Full-Voltage Output Waveshapes: 

60 VDC, 42 VAC, rms 

300 mA sink 

750 mV at 300 mA sink 
250 mV at 100 mA sink 

Rise and Fall Times 
20 nsec typical 
(resistive load) 

14-33 



Signal Conditioning Modules 

Table 14-6. HP 25544 Specifications (Continued) 

Turn-On/Turn-Off Delays: 10 nsec maximum 

HP 25544B and HP 25544C 
. 

HP 25544B HP 25544C 

MIN TYP MAX MIN TYP MAX 

Internal Pull-Up Voltage (V) 4.8 5 5.2 1 1 • 5 12 1 2.5 

Output Source Current (rnA) 2. 1 2.3 5.2 5.6 

Output Sink Current (rnA) 300 300 

Logic 1 Output Voltage (V) 
Isink = 300 rnA 0.75 0.75 
Isink = 100 rnA 0.25 0.25 

Output Rise, Fall Times (ns) 5 5 

Turn On, Turn Off Delays tns) 5 5 

Pull-Up Resistance 2.1 5 2.15 
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14.11 2-CHANNEL SOLID STATE RELAY OUTPUT SCM 

The HP 25545P 2-Channel Solid State Relay Output SCM is shown in 
figure 14-14. 

14.11.1 UP 25545P DESCRIPTION 

A schematic diagram of the HP 25545P is shown in figure 14-15. 

The HP 25545P facilitates the switching of AC loads without 
requiring external wiring. The HP 25545P fits onto any DC SCM 
location, and the AC output points are between: 

1. The + side of the first channel (+CH1) and 
the - side of the second channel (-CH2) 

2. The + side of the third channel (+CH3) and 
the - side of the fourth channel (-CH4) 

of each SCH. 

Each channel will switch up to 120 VAC, 800 mA at 55 degrees C. 
Optical isolation eliminates ground loops and keeps high voltages 
away from the logic components of the mother card. Zero voltage 
turn-on makes the solid state relay outputs ideal for switching 
filament lamp loads, and RC snubber networks enable inductive load 
switching to power factors of 0.50 or more. 

14.11.2 UP 25545P SPECIFICATIONS 

Specifications of the HP 25545P are provided in table 14-7. 
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225Q-120H 

Figure 14-14. HP 25545P SCM 
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Table 14-7. HP 25545P Specifications 

FEATURES 

Zero voltage turn-on reduces EMI, RFI 

Optical isolation to 2500 volts 

Can be used with the digital output, multifunction, and 
pulse function cards 

Snubber networks ensure low power factor turn-on 

APPLICATIONS 

120 VAC switching to 180 watts (at 25 degrees C to 
40 degrees C) or 90 watts (at 70 degrees C) 

Used to interface to motors, lamps, and transformers 

ELECTRICAL CHARACTERISTICS 

RMS On-State Voltage: 1.5 volts maximum 

RMS On-State Current: 

Holding Current: 

Off-State rms Current 
With Snubber: 
Without Snubber: 

Turn-On/Turn-Off Time: 

Operating Frequency: 

Isolation, Input to Output: 

Capacitance, Input to Output: 

Update 3 

0.8 amps maximum 

3 mA maximum 

3 mA maximum 
1 mA maximum 

1/2 cycle maximum 

30 Hz minimum 
400 Hz maximum 

2500 VAC, rms minimum 

5 pF maximum 
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Table 14-7. HP 25545P Specifications (Continued) 

I 

I 

14-38 

Critical Rate of Rise of 
Off-State Voltage 
at V = 300 V: 

Peak Repetitive Off-State Voltage: 

Critical Rate of Rise of On-State 
Current, dI 

dT 

Load Power Factor for Guaranteed 
Turn-On: 

Update 3 

50 V/us minimum 

+/- 300 volts maximum 

20 A/us maximum 

0.50 minimum 
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14.11 2-CHANNEL SOLID STATE RELAY OUTPUT SCM 

The HP 25545A 2-Channel Solid State Relay Output SCM is shown in figure 
14-14. 

14.11.1 HP 25545A Description 

A schematic diagram of the HP 25545A is shown in figure 14-15. 

The HP 25545A facilitates the switching of AC loads without requiring 
external wiring. The HP 25545A filts onto any DC SCM location, and the 
AC output points are between: 

1 • The + side of the first channel ( +CH 1 ) and 
the - side of the second channel (-CH2) 

2. The + side of the third channel (+CH3) and 
the - side of the fourth channel (-CH4) 

of each SCM. 

Each channel will switch up to 120 VAC, 800 mA at 55 degrees C. Optical 
isolation eliminates ground loops and keeps high voltages away from the 
logic components of the mother card. Zero voltage turn-on makes the 
solid state relay outputs ideal for switching filament lamp loads, and 
RC snubber networks enable inductive load switching to power factors of 
0.30 or more. 

14.11.2 HP 25545A Specifications 

Specifications of the HP 25545A are provided in table 14-7. 
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Figure 14-14. HP 25545A SCM 
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Table 14-7. HP 25545A Specifications 

FEATURES 

Zero voltage turn-on reduces EMI, RFI 

Optical isolation to 4000 volts 

Can be used with the digital output, multifunction, and pulse 
function cards 

Snubber networks ensure low power factor turn-on 

APPLICATIONS 

120 VAC switching to 100 watts 

Used to interface to motors, lamps, and transformers 

ELECTRICAL CHARACTERISTICS 

RMS On-State Voltage: 1.5 volts maximum 

RMS On-State Current: 

Holding Current: 

Off-State rms Current 
With Snubber: 
Without Snubber: 

Turn-On/Turn-Off Time: 

Operating Frequency: 

Isolation, Input to Output: 

Capacitance, Input to Output: 

0.8 amps maximum 

3 mA maximum 

3 mA maximum 
1 mA maximum 

1/2 cycle maximum 

30 Hz minimum 
400 Hz maximum 

2500 VAC, rms minimum 

5 pF maximum 
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Table 14-7. HP 25545A Specifications (Continued) 

14-38 

Critical Rate of Rise ~f 
Off-State Voltage 
at V = 300 V: 

Peak Repetitive Off-State Voltage: 

Critical Rate of Rise of On-State 
Current, dI 

dT 

Load Power Factor for Guaranteed 
Turn-On: 

50 V/us minimum 

+/- 300 volts maximum 

40 A/us maximum 

0.30 minimum 
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14.12 4-CHANNNEL NON-ISOLATED BUFFERED OUTPUT 
SCM 
The HP 25546 4-Channe1 Non-Isolated Buffered Output SCM, shown in 
figure 14-16, is available as: 

HP 25546B 5 VDC range 

14.12.1 HP 25546 DESCRIPTION 

A schematic diagram of the HP 25546 is shown in figure 14-17. 

The HP 25546B digital output SCM is driven from CMOS logic levels 
on the digital function cards. This SCM is designed to minimize 
transmission line ringing when driving standard HP 25550 digital 
cables at high speeds. This capability makes the HP 25546B SCM 
particularly useful for applications that involve directly driving 
digital logic, as in most pulse card applications. 

The HP 25546B SCM uses a 5 volt CMOS buffer, capable of driving 
two TTL loads over the full temperature range. An inverting 
buffer is also part of the SCM to keep the number of inversions 
consistent with other SCMs. 

Update 3 
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Figure 14-16. HP 25546 SCM 
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Figure 14-17. HP 25546 Schematic Diagram 
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14.12.2 HP 25546 SPECIFICATIONS 

Specifications for the HP 25546 are provided in table 14-8. 

Table 14-8. HP 25546 Specifications 

FEATURES 

Four independent channel s per card 

Designed especially for pulse card applications 

De si gne d to minimize transmission line ringing 

Logic 1 at power-on 

APPLICATIONS 

The HP 25546B is used to drive TTL and 5 -vol t CMOS log ic • 

ELECTRICAL CHARACTERISTICS 
HP 25546B 

MIN TYP MAX UNITS 

Logic 1 Output Voltage 4.95 vol ts 

Logic 0 Output Voltage .05 vol ts 

Low Level Output Current 4.0 5.0 ma 

High Level Output Current -0.9 -1.6 ma 

Transition Time (H-L) 30 60 ns 

Transition Time (L-H) 60 120 ns 

Propagation Delay (H-L) 90 175 ns 

Propagation Delay (L-H) 105 205 ns 
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14.13 4-POINT HIGH SPEED NON-ISOLATED DIGITAL 
INPUTSCMS 

The 4-point (HP 25536 series) SCMs, shown in figure 14-18, are 
listed below: 

HP 25536B 
HP 25536K 

5 VDC range, source inputs 
5 VDC range, sink inputs 

14.13.1 HP 25536 DESCRIPTION 

A schematic diagram of the HP 25536 SCMs is shown in figure 14-19. 

The 4-point high speed non-isolated digital input SCMs serve as 
the electrical interface between the digital signals in the 
external process and the HP 25512 counter card. Hysteresis is 
provided for increased noise immunity. A 1.5 mA wetting current 
is provided for contact closure sensing. 
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Figure 14-18. HP 25536 SCMs 
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Figure 14-19. HP 25536 Schematic Diagram 
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14.13.2 HP 25536 SPECIFICATIONS 

Specifications for the HP 25536 are provided in table 14-9. 

Table 14-9. HP 25536 Specifications 

FEATURES 

Hysteresis 

High speed operation 

Source or sink type inputs 

APPLICATIONS 

TTL-compatible input sensing 

STATIC PARAMETERS 

Source Type Inputs: 

o~erating Absolute 
Nominal ange Maximum Turn-off Turn-on 

Product Fullscale Vin Vin Rin Vin Vln 
Number r~) (~~) (V) ~x (V) (V) (KIl) ~Il) (V) (V) (V) (V) 
Suffix Min Min Max Min ax Min Max Min Max 

B 5 
I 

1.5 -10 
I 

15 -15 I 20 2.9 I 3.2 0.7 
I 

2 3 
I 

4.3 

Sink Type Inputs: 

Nominal Open 
Open Short Circuit Turn-on Turn-off 

Product Circuit Circuit Vin Rin Vln Vin 
Number r~) (~~) (V) (V) ~~) (KIl) (V) (V) (V) (V) 
Suffix Min Max In Max Min Max Min Max 

K 5 
I 

-1.5 4.5 
I 

5.5 2.9 
I 

3.2 .7 
I 

2 3 
I 

4.3 
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Table 14-9. HP 25536 Specifications (Continued) 

DYNAMIC PARAMETERS (IDENTICAL FOR ALL PRODUCT NUMBERS) 

Propagation delay: ted) < 1.0 microsecond 

Rise time: t(r) < 200 nanoseconds 

Fall time: t(f) < 200 nanoseconds 

NOTES: 
• 

1. The HP 25536 SCM is intended for use with the liP 25512 
counter card in high speed (> 10 kHz) applications. It 
does not provide debounce or noise filtering (except 
hysteresis), and therefore should not be used with 
switch or relay contact type signals. The upper limit 
of the HP 25536 SCM is 400 kHz. 
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Section XV 
HP 25512 4-Channel Counter Input 

15.1 INTRODUCTION 
This section provides information for the HP 25512 4-Channel 
Counter Input Card. Included are specifications and a functional 
description. Installation information for the card is provided in 
the HP 2250 Measurement and Control Processor Installation and 
Start-Up Manual, part number 02250-90012. 

15.2 DESCRIPTION 
The HP 25512 Counter Card, shown in figure 1-2, is an input 
function card for the HP 2250 Measurement and Control P~ocessor. 
It has 4 input channels, each of which can be independently 
configured for any of 10 counting functions. Each channel has 2 
input signals, the A and B inputs: the A input is the primary 
input and is used for every counting function, while the B input 
is secondary and is not used by every counting function. 

The counter card requires the attachment of two signal 
conditioning modules (SCMs) to condition the external signals for 
the A and B inputs. There are two high speed SCMs (HP 25536B, 
HP 25536K) to support the full speed of the count~r card; 
additionally, any of the HP 25535 or HP 25537 SCMs may be used 
when the input signals are within their operating range. Each SCM 
conditions the signals for 2 counter card channels. The maximum 
input frequency for each of the input signals is 400kHz, and the 
minimum input pulse width is 1.25 usee. 

To support diagnostics, 
level outputs. 

the HP 25512 Counter Card provides 2 TTL 

There are no other external input or output signals for the 
counter card. 

The counter card has 20 independently enabled 
conditions, 5 for each counting channel. 
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interrupt 

15-1 



HP 25512 

Figure 15-1. HP 25512 Counter Input Card 
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Unless otherwise stated, all data written to or read from the 
counter card is in 16-bit unsigned integer format. Note that this 
is different from the HP 2250's 16-bit two's complement data 
format for values greater than 32767. Your host computer may need 
to deal with these numbers in double precision format to make use 
of their full range; otherwise they may appear to be 16-bit two's 
complement numbers (numbers greater than 32767 will be treated as 
negative numbers). 

15.3 SPECIFICATIONS 
Table 15-1 gives the specifications for the HP 25512 Counter Card. 

Table 15-1. HP 25512 Counter Card Specifications 

FEATURES 

* 4 independent input channels 

* 10 counting modes, including 32 bit totalize, up-down 
counting, frequency, and period. 

* 5 programmable interrupts per channel (20 total) 
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Table 15-1. HP 25512 Counter Card Specifications, continued 

APPLICABLE MCL COMMANDS 

15-4 

CFN command : Write 2 Words of Configuration Data 

ECFN command Write 4 Words of Configuration Data 

RCFN command Read 4 Words of Configuration Data 

CNUMBER command : Write Number of Counting Periods 

RCNUMBER command Read Number of Counting Periods 

CCONTROL command Write Counter Channel Control Word 

COUNT command : Read 1 Word of Count Data Without 
Restarting Channel 

DCOUNT command: Read 2 Words of Count Data Without 
Restarting Channel 

RCOUNT command : Read 1 Word of Count Data and Restart 
Channel 

RDCOUNT command 
Channel 

Read 2 Words of Count Data and Restart 

INTERRUPT command : Enable Interrupt Conditions 

RINTERRUPT command : Read Interrupt Condition Enable Status 

RCS command : Read Card Status Register Bits 
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Table 15-1. HP 25512 Counter Card Specifications, continued 

GENERAL COUNTING MODE SPECIFICATIONS 

* F requenc y: 400 KHz max 

Pulse width (Tw): 1.25 uS min 

Pulse gap (Tg): 1.25 uS min 

+------+ +------+ 
I Tw I Tg I I 

----+ +-----------+ +-----
* Timing for Gated Functions: 

Range value Max. Ra te Resolution Gate Time 

1 30 Hz 0.001 Hz 1000 sec 
2 3 00 Hz 0.01 Hz 100 sec 
3 3 KHz O. 1 Hz 10 sec 
4 30 KHz 1 Hz 1 sec 
5 3 00 KHz 10 Hz 100 msec 
6 4 00 KHz 100 Hz 10 msec 

* Triggering: Controlled by the MCL/50 configuration 
commands to trigger off of the rise or fall 
of the input signal. 

* Number Format: 
All functions except up-down count: unsigned integer 
Up-down count: two's complement 

* Totalize: a to 65,535 

* Totalize Rollover: to a 

* Extended Totalize: a to 4,294,967,295 

* Extended Totalize Rollover: to a 

* Prescale: a to 65,535 

* Up-Down: -32,768 to 32,767 

* Up-Down Rollover: none (stays at -32,768 or 32,767) 
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Table 15-1. HP 25512 Counter Card Specifications, continued 

15-6 

* Period and Time Interval: 

Number of periods or time intervals measured: 
1 to 32,767 

Accurac y: +0.01% of reading +1 count 

Range value Time Interval Resolution 

1 50 min 100 msec 
2 5 min 10 msec 
3 30 sec 1 msec 
4 3 sec 100 usee 
5 300 msec 10 usec 
6 30 msec 1 usec 

* Ratio: 

Gate time: 1 to 65,535 counts of B input 

Resolution: liGate time 

Range: 1 to 65,535 counts of A input 

Accuracy: +1 count 

* Environmental: Same as HP 2250 controller section 

* Power Consumption 

+5 volt supply: 835 mA I 4.18 Watts 
+12 volt supply 15.26mA I 0.18 Watts 
-12 volt supply currently not used 

* Diagnostic Output 

High Level output voltage 
Low Level output voltage 
High Level output current 
Low Level output current 
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Table 15-1. HP 25512 Counter Card Specifications, continued 

PROGRAMMING PERFORMANCE SPECIFICATIONS 

Minimum I/O Command Response Time .3 msec 

Maximum I/O Command Response Time 2.7 msec 

PHYSICAL CHARACTERISTICS 

Width 34.8 cm (13.54 inches) 

Depth 28.91 cm (11.38 inches) 

II e i g h t 3 • 5 c m ( 1 • 38 . inc he s ) 

Weight 680 grams (1.5 lbs) 

15.4 SIGNAL CONDITIONING 
The counter card may 
conditioning modules 
SCM conditions the A 
(channels 1 and 2, or 
support a varity of 
counter card supports: 

accornodate a maximum of two input signal 
(SCMs) to operate all four channels. Each 
and B inputs for two consecutive channels 

channels 3 and 4) and the counter card will 
SCMs. Below is a list of SCMs which the 

25535B 
25535C 
25535D 
25535E 
25535K 
25535L 

25536B 
25536K 

25537P 
25537Q 
25537R 
25537S 
25537T 
25537U 
25537V 
25537w 

5 VDC Non-Isolated Source Input 
12 VDC Non-Isolated Source Input 
24 VDC Non-Isolated Source Input 
48 VDC Non-Isolated Source Input 
5 VDC Non-Isolated Sink Input 
12 VDC Non-Isolated Sink Input 

High Speed 5 VDC Non-Isolated Source Input 
High Speed 5 VDC Non-Isolated Sink Input 

5 VDC Isolated Input 
12 VDC Isolated Input 
24 VDC / 16 VAC Isolated Input 
48 VDC Isolated Input 
72 VDC Isolated Input 
120 VDC/72 VAC Isolated Input 
115 VAC Isolated Input 
230 VAC Isolated Input 
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Caution must be taken when selecting a particular SCM because some 
of the SCMs invert the signal before it reaches the counter card. 
All specifications which refer to input signal edges (e.g., count 
up on rising edge and down on falling edge) are with respect to 
the input of the counter card's logic (SCM output) and not the 
input to the SCM. The matrix below shows how the various SCMs 
treat the sense of an input signal. 

Input to SCM 

0 1 NC * 

Source 1 0 1 
S 
C 
M 

Sink 0 1 1 
t 
Y 
P 
e Isolated 1 0 1 

This matrix shows the value transmitted 
to the counter card from the output of 
an SCM for a given combination of input 
log ic level and SCM type. Source-type 
SCMs include HP 25535B-E and HP 25536B. 
Sink-type SCMs include HP 25535K,L and 
HP 25536K. Isolated SCMs include 
HP 2553 7P-W. 

* NC = not connected 

15.5 FUNCTIONAL DESCRIPTION 
The functional block diagram in figure 
functions of the HP 25512 counter card. 
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15.5.1 CARD LOGIC 

The functional sections of the counter card can be broken down 
into four main categories: input logic, backplane interface, 
microprocessor and firmware", and system timing control. These 
will be discussed briefly in the following paragraphs. 

15.5.1.1 Input Logic 

There are four input channels on the counter card, and each 
channel has two subchannels, A and B. The way these subchannels 
are used depends on the counting function for which the card is 
configured, as is described later in this section. 

Two 4-channel signal conditioning modules (SeMs) are used on the 
card, one for the subchannels on channels 1 and 2, the other for 
the subchannels on channels 3 and 4. Thus, you can have different 
signal conditioning on the two pairs of channels. After the input 
signals pass through the SeMs, they are translated from 0-12 volt 
levels to the 0-5 volt (TTL) levels used on the card. The 
asynchronous input signals are then synchronized to a 1 mHz clock 
and passed to the system timing control section of the card. 

15.5.1.2 Backplane interface 

The backplane interface handles all of the communication 
handshaking and data transfers between the microprocessor and the 
backplane of the HP 2251 measurement and control unit (MeU). This 
section also performs signal translation between the card and the 
backplane (translation between 0-12 volt signals and 0-5 volt 
signals). 

The backplane interface contains three registers: address, data, 
and card status. (Note that the card status register is the only 
physical register' on the card; all other "registers" are memory 
locations in the microprocessor.) The address register specifies 
which function is to be performed by a given channel, by giving 
the start address of the appropriate section in the firmware. The 
data register transfers information between the backplane and the 
card. This may be in the form of parameters to be passed from the 
backplane to the firmware (to go along with the address specified 
in the address register), or count data to be passed from the card 
to the backplane. The card status register indicates whether the 
card is busy, which channels are correctly configured, and which 
channels have data available for reading. 
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15.5.1.3 Microprocessor and firmware 

This section controls the activities on the card. It consists of 
a microprocessor and its associated firmware (stored in EPROM). 
The firmware furnishes the instructions that allow the 
microprocessor to execute the commands that are sent in from the 
backplane. The microprocessor and firmware control all 
communications and data transfers between the backplane interface 
and the card. It also sends commands to and receives data from 
the integrated circuits (ICs) in the system timing control 
section. 

15.5.1.4 System timing control 

The system timing control section of the card performs the actual 
counting. There are two system timing control ICs, and each IC 
handles the counting for two channels. (Note that each channel is 
completely independent of all other channels.) The ICs can be 
configured in different ways to perform the various counting 
functions; the configuration instructions are provided by the 
microprocessor. The ICs include logic to count either rising or 
falling edges of the input signal, according to the instructions 
from the microprocessor. 

15.5.2 COUNTING FUNCTIONS 

The 10 counting functions available on the counter card are in two 
categories, known as ungated and gated functions. The ungated 
functions count only external signals, and are not controlled by 
any other signal. For example, the extended totalize function is 
an ungated function: it counts the A input until the channel is 
explicitly commanded to stop counting. Valid counts are always 
available from active channels configured for an ungated function. 

The gated functions count a signal for an interval defined by 
another signal. These signals may be either internal or external 
to the counter card. All of the gated functions actually count 
two signals: one is the gate signal, which determines when the 
count will stop, and the other is the count signal, which is the 
count returned when the channel is read. No valid count is 
available from a channel configured for a gated function until the 
count is complete (that is, the counting gate has closed). For 
example, the frequency mode function is a gated function: it 
counts the A input for a period of time determined by counting one 
of six internal clock signals. 

In all cases, it is the edge 
increments or decrements a count. 
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15.5.3 UNGATED FUNCTIONS 

The ungated fun.ctions programmable on the HP 25512 Counter Card 
are: 

15.5.3.1 Totalize 

A channel configured for totalize mode can make two counts 
simultaneously, one on the A inputs of the channel and one on the 
B inputs. In totalize mode both the A and B subchannels can count 
and furnish results independently. The count data read from a 
totalize subchannel is in 16-bit unsigned integer format. The 
count begins at 0 and counts up to 65535, then rolls over to 0 and 
continues counting up. If the subchannel has its overflow 
interrupt enabled, the counter card will interrupt the HP 2250 
when the subchannel's count rolls over from 65535 to O. A channel 
configured for totalize mode is also configured with preset values 
for both subchannels: if the subchannel has its completion 
interrupt enabled, the counter card will interrupt the host when 
the count reaches the preset value • 

. 
Totalize mode is the only counting function that supports two 
counts per channel: all other counting modes have only one count 
per channel. 

15.5.3.2 Extended Totalize 

A channel configured for extended totalize mode counts the A 
input. The count data available to be read from the channel is in 
32 bit unsigned format, but it must be read in two 16 bit words. 
The count begins at 0, counts up to 4,294,967,295 (2 A 32-1), and 
rolls over to O. If the count rolls over, the counter card will 
interrupt the host if the interrupt has been enabled; in either 
case, the count will continue. 

15.5.3.3 Prescale 

A channel configured for prescale mode counts the A input down 
from a preset value to O. The channel can be configured to 
restart the count immediately when the count reaches 0, or to stop 
counting until explicitly instructed to start again. When the 
count reaches 0, the counter card will interrupt the host if the 
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interrupt has been enabled. There is always valid data available 
from a channel configured for the prescale mode, although the 
normal operating condition for this mode will be to wait for the 
count completion interrupt to occur. 

15.5.3.4 Up-Down Count 

A channel configured for up-down mode counts according to both the 
A and B inputs. The channel can be configured to count in one of 
three ways: (1) The count is incremented by the edges of the A 
input and decremented by the edges of the B input; (2) The channel 
counts the edges of the A input, with the direction controlled by 
the level of the B input; (3) The count is incremented or 
decremented on all edges of the A or B inputs, with the direction 
controlled by which edge changes state first (quadrature). In 
every case, the count begins at a preset value and counts up to 
32767 or down to -32768. There is no rollover for an up-down 
count. If the count goes over 32767 or under -32768, the counter 
card will interrupt the host if the overflow or underflow 
interrupt has been enabled. 

Up-down count mode is the only counting function on the counter 
card to return data in 16-bit two's complement format. 

15.5.4 GATED FUNCTIONS 

The gated functions programmable on the HP 25512 Counter Card are: 

15.5.4.1 Frequency 

A channel configured for frequency mode counts the A input for a 
period of time determined by counting one of 6 internal clock 
signals 10,000 times. The available clock signals are 10Hz, 
100Hz, 1KHz, 10KHz, 100KHz, and 1MHz, giving frequency mode 
counting periods of 1000 sec, 100 sec, 10 sec, 1 sec, 100 msec and 
10 msec respectively. The units of the frequency returned depend 
on the length of the counting period; those units can be: .001Hz, . ° 1 R z, • 1 R z , 1 R z ,lOR z, and 1 0 Oll z • Th e co un t d a t a i s a va i lab 1 e 
only when the counting period has completed. 
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In te rnal Counting 
Clock Pe riod 

-------- --------
10 Hz 1000 sec 

100 Hz 100 sec 
1K Hz 10 sec 

10K Hz 1 sec 
lOOK Hz 100 msec 

1M Hz 10 msec 

The count data is in 16 bit 
o and counts up to 65535, 
again. When the counting 
will interrupt the host if 
count rolls over to 0 from 
the host if the interrupt 
complete, the channel can 
again at the start of the 
instructed to start again. 

15.5.4.2 Period 

Result 
Uni ts 
------

.001 Hz 
.01 Hz 

• 1 Hz 
1 Hz 

10 Hz 
100 Hz 

unsigned format. The count begins at 
then rolls over to 0 and counts up 

period is complete, the counter card 
the interrupt has been enabled. If the 

65535, the counter card will interrupt 
has been enabled. When the count is 

be programmed either to begin counting 
next period, or to stop counting until 

A channel configured for period mode counts one of 6 internal 
clock signals for the period defined by either the rising or 
falling edges of the A input. The available clock signals are 
10Hz, 100Hz, 1KHz, 10KHz, 100KHz, and 1MHz; the units of the count 
data read from a channel configured for period mode are 100 msec, 
10 msec, 1 msec, 100 usec, 10 usec or 1 usec, respectively. The 
count data is valid only when the counting period has completed. 

Internal Result 
Clock Units 

-------- ------
10 Hz 100 msec 

100 Hz 10 msec 
1K Hz 1 msec 

10K Hz 100 usec 
lOOK Hz 10 usec 

1M Hz 1 usec 

The count data is in 16 bit 
a and counts up to 65535, 
again. When the counting 
will interrupt the host if 
count rolls over to 0 from 

unsigned format. The count begins at 
then rolls over to a and counts up 

period is complete, the counter card 
the interrupt has been enabled. If the 

65535, the counter card will interrupt 
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the host if the interrupt has been enabled. When the count is 
complete, the channel can be programmed to either begin counting 
again at the start of the next period, or to stop counting until 
instructed to start again. 

15.5.4.3 Period Average 

A channel configured for the period average mode operates exactly 
the same as for the period function, except the internal clock 
signal is counted for a programmable number of the input periods 
instead of for just one. (The result reported is the total number 
of counts; you have to divide by the number of periods to get the 
period average.) . 

15.5.4.4 Time Interval 

A channel configured for the time interval mode operates exactly 
the same as for the period mode, except the time period being 
counted is controlled by some other programmable combination of 
the edges of the A and B inputs (e.g, from the rising edge of A to 
falling edge of B). 

15.5.4.5 Time Interval Average 

A channel configured for the time interval average mode operates 
exactly the same as for the time interval mode, except the 
internal clock signal is counted for a programmable number of the 
input periods instead of for just one. (The result reported is 
the total number of counts; you have to divide by the number of 
time intervals to get the time interval average.) 

15.5.4.6 Ratio 

A channel configured for the ratio mode counts the A input for a 
programmable number of counts of the B input. The count data is 
valid only when the counting period is complete. The count starts 
at ° and counts up to 65535, then rolls over to 0 and counts up 
again. When the counting period is complete, the counter card 
will interrupt the host if the interrupt has been enabled. If the 
count rolls over from 65535 to 0, the counter card will interrupt 
the host if the interrupt has been enabled. 

Note that it actually takes (preset + 1) B edges to complete a 
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ratio count. The ratio count starts when the first B edge is 
detected, and completes after an additional preset number of edges 
have been counted. 

15.5.5 INTERRUPTS 

The counter card is able to generate interrupts on certain 
conditions: 

completion of count on any (sub)channel 
overflow of count on any (sub)channel 
underflow of count on any channel 

A given interrupt is enabled by unmasking the appropriate bit in 
the INTERRUPT ENABLE register. When the condition occurs, the 
corresponding bit is set in the INTERRUPT register. 

Further details on interrupts can be found in the paragraphs on 
register assignments later in this section, and in the HP 2250 
Programmer's Manual. 

15.5.6 DIAGNOSTICS 

The counter card contains loopback circuitry that allows it to 
test nearly all of itself when used with HP-supplied diagnostics. 
This testing can be done in either of two modes: internal loopback 
or external loopback. 

Under internal loopback, the microprocessor turns off the input 
lines and generates internal test signals that are fed through the 
circuitry of the card. This mode can test all of the card except 
the SeMs. All of the ten counting modes can be tested, with the 
restriction that only one edge of the test signal (the falling 
edge) can trigger a count. 

Under external loopback, the card provides TTL level signals at 
the DIAGA+ and DIAGB+ output pins on the card connector. Through 
the use of the appropriate test fixture, these signals can be 
routed back through the input pins. In this manner, the card can 
provide signals to test 100% of itself, including the SeMs. The 
only limitation is that the frequency of the test signal has an 
upper limit of approximately 2 kHz; any components that might be 
marginal at higher speeds would not be detected. 

The diagnostic test procedure for the counter card is given in the 
HP 2250 Diagnostic and Verification Manual, part number 
25595-90001. 

Update 3 
15-16 



HP 2SS12 

15.6 REGISTER ASSIGNMENTS 

The counter card derives the information it needs for its 
operation from the values written to the card registers. Table 
IS-2 shows the register assignments for the counter card. You can 
set or examine the values in the registers standard MCL/SO 
commands, MCL/SO register commands (READ, DREAD, WRITE, and 
DWRITE), or the MCLIO subroutine. (Refer to the HP 22S0 
Programmer's Manual and the HP 25S81A Automation Library Manual 
for details.) Table 15-3 shows which commands affect which 
registers. The meanings of the values in the individual registers 
are given after table IS-3. 

Except for the CARD STATUS register, all registers shown in table 
IS-2 are actually memory locations in the microprocessor. 
Registers not shown in table IS-2 don't exist. If you write to a 
non-existent register, nothing will happen. If you read from a 
non-existent register, the card will return a value of zero. 

If you write values directly to the registers on 
the control card using MCL/SO register commands or 
MCLIO commands, be careful that you write the 
values to the correct registers. If you write 
your values to the wrong registers you can cause 
the card to malfunction. Be particularly careful 
not to write anything to registers 209 through 224 
(the DEBUG and DIAGNOSTICS registers), since those 
registers communicate directly with the system 
timing control ICs without going through the 
microprocessor. (Writing to those registers is an 
especially rapid way to mess up the card 
configuration.) 

We recommend that you use the standard MeL/SO 
commands whenever possible, as those commands will 
address only the correct registers. If you do 
make a mistake and cause the card to malfunction, 
you can recover by issuing a RESet or SYstem 
Normalize command; this will reset the card (as 
well as the system) to its initialization values. 
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Table 15-2. Counter Card Register Assignments 

PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1 COUNT 1 * 
2 COUNT 2 * 
3 COUNT3 * 
4 COUNT4 * 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

PAGE 5 PAGE 6 PAGE 7 PAGE 8 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

* do ubI e wo r d reg i s t e r 
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Table 15-2. Counter Card Register Assignments, continued 

PAGE 9 PAGE 10 PAGE 11 PAGE 12 

1 COUNT 1 * NUM PER IODS 1 CONTROL 1 
2 COUNT2 * NUM PERIODS2 CONTROL 2 
3 COUNT3 * NUM PERIODS3 CONTROL 3 
4 COUNT4 * NUM PERIODS4 CONTROL 4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 CONFIG 1-1 * DEBUG INTER ENAB LE INTERRUPTS 
2 CONFIG 1-2 * DEBUG INTER ENAB LE INTERRUPTS 
3 CONFIG 2-1 * DEBUG 
4 CONFIG 2-2 * DEBUG 
5 CONFIG 3-1 * DEBUG 
6 CONFIG 3-1 * DEBUG 
7 CONFIG 4-1 * DEBUG 
8 CONFIG 4-2 * DEBUG 

9 DEBUG CARD CONFIG 
10 DEBUG 0 
11 DEBUG CARD STATUS 
12 DEBUG 0 
13 DEBUG CARD ID REG 
14 DEBUG 0 
15 DIAGNOSTICS 0 
16 DEBUG BIF 

* = double word register 
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Table 15-3. Relationships of Commands and Registers 

Standard 
HCL/50 
Command s 

CFN, ECFN 

CNUHBER, 
RCNUMBER 

CCONTROL 

COUNT, DCOUNT 

RCOUNT, RDCOUNT 

INTERRUPT, 
RINTERRUPT 

(none) 

RCS 

Register 
Commands * 
WRITE, DWRITE, 
READ, DREAD, 
HCLIO 

WRITE» READ 
MCLIO 

WRITE, READ 
HCLIO 

READ, DREAD 
HCLIO 

READ, DREAD 
NCLIO 

WRITE, READ 
HCLIO 

READ, HCLIO 

READ, MCLIO 

Register 
Names 

CONFIG (1-4) 

NUM PERIODS (1-4) 

CONTROL (1-4) 

COUNT (1-4) ** 

COUNT (1-4) ** 

INTER ENABLE (1-2) 

INTERR UPTS (1-2) 

CARD STATUS 

Register 
Numbers 

193-200 

145-148 

177-180 

129-132 

1-4 

225,226 

241,242 

251 

* We recommend that you use standard MCL/50 commands whenever 
possible. If you do use register commands, be careful 
that you are writing to the correct register; an incorrect 
write can cause the card to stop or to function in a way 
that you do not intend. 

** A read from registers 1-4 returns the current value and 
restarts the count. A read from registers 129-132 returns 
the current value and does not restart the count. 

The following paragraphs give the appropriate values for the 
various registers and explain the meanings of the bit patterns 
that make up several of those values. The use of these registers 
is fully described in the HP 2250 Programmer's Reference Hanual. 
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15.6.1 CONFIG (RI93-200) 

There are two sequential register addresses used to configure each 
counter card channel. These are all double word registers. 

Reg iste r Channel 
Address Configuration 
-------- -------------

193 channel 1 first configuration register 
194 channel 1 second configuration register 
195 channel 2 first configuration register 
196 channel 2 second configuration register 
197 channel 3 first configuration register 
198 channel 3 second configuration register 
199 channel 4 first configuration register 
200 channel 4 second configuration register 

Either two or four data words must be written to these register 
addresses to configure a channel to count in a particular mode. 
The four data words to be written for configuration are the 
function code, preset/range, count-mode/preset, and trigger data. 

15.6.1.1 Function Code 

The function code indicates which of the 10 counting modes is 
being configured. 

function code 

1 
2 
3 
4 
9 

10 
11 
12 
13 
14 

counting function 

totalize 
extended totalize 
prescale 
up/down count 
frequency 
pe riod 
period average 
time interval 
time interval average 
ratio 

Any other data value is invalid. (Note that the upper byte of the 
function code value is ignored; so 256 gives the same result as 0, 
257 gives the same result as 1, and so on.) 
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15.6.1.2 Preset/Range 

For those counting modes which require a preset (totalize, 
prescale, up-down, ratio), the second data word is that preset. 
The preset is a 16 bit integer. For prescale and ratio modes, the 
preset cannot be 0 or 1. For totalize mode, the second word of 
data is the preset for subchannel A. 

For those counting modes which use one of the internal clock 
s i g na 1 s (f r e que n c y, per i 0 d, per i 0 d a v era g e, tim e in t e r val, tim e 
interval average), the second data word indicates which of the 6 
internal clocks to select. This data word must be in the range 1 
to 6. 

range data 

1 
2 
3 
4 
5 
6 

internal clock frequency 

10Hz 
100Hz 

1KHz 
10KHz 

100KHz 
1MHz 

For the extended totalize mode, the value of the preset/range data 
word is meaningless. 

15.6.1.3 Count-mode/Preset 

For those functions which can be configured to count continuously 
(prescale and all of the gated functions), the third data word 
indicates whether to count continuously or only once. If a 
channel is configured with count-mode=1, it will count 
continuously once started; that is, the count will restart 
automatically as soon as the count is complete. If count-mode=O, 
the channel is configured to count only once, and it must be 
started by other means described later. 

For totalize mode, 
subchannel B. 

the third data word is the preset for 

For the remaining functions (extended totalize and upjdown count), 
the third data word is meaningless. 
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15.6.1.4 Trigger 

The fourth data word indicates which input edges are to trigger 
amoung the counting. The meaning of this data word varies 

different counting modes. 

For totalize mode, 
follows: 

the trigger data controls the counting as 

Trigger Subchanne1 A Subchannel B 
------- ------------ ------------

0 count rising edges count rising edges 
1 count falling edges count rising edges 
2 count rising edges count falling edges 
3 count falling edges count falling edges 

For extended totalize, prescale, and frequency modes, a trigger 
data value of 0 indicates that the channel count is to be 
incremented by the rising edge of the A input; a trigger data 
value of 1 indicates that the channel count is to be incremented 
by the falling edge of the A input. 

For the period and period average modes, trigger=O indicates that 
the counting period is from the rising edge of the A input to the 
next rising edge of A; trigger=l indicates that the counting 
interval is from the falling edge of A to the next falling edge of 
A. 

For the up-down count mode, the trigger data word controls the 
counting as follows: 

Up-down Trigger 

0: count 
1 : count 
2 : count 
3: count 
4: count 
5 : count 
6 : count 
7 : count 
8: count 
9: count 

up on rising edge of A, down on rising edge of B 
up on falling edge of A, down on rising edge of B 
up on rising edge of A, down on falling edge of B 
up on falling edge of A, down on falling edge of B 
rising edges of A, up when B is high, down when B is low 
falling edges of A, up when B is high, down when B is low 
rising edges of A, up when B is low, down when B is high 
falling edges of A, up when B is low, down when B is high 
up when A lags B, down when A leads B 
up when A leads B, down when A lags B 

For the time interval and time interval average modes, the trigger 
data word controls the counting as follows: 
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Trigger 

o 
1 
2 
3 
4 
5 

Time Interval 

rising edge of A to rising edge of B 
falling edge of A to rising edge of B 
rising edge of A to falling edge of B 
falling edge of A to falling edge of B 
rising edge of A to falling edge of A 
falling edge of A to rising edge of A 

For the ratio mode, the trigger data word controls the counting as 
follows: 

Trigger 

o 
1 
2 
3 

Ratio Counting Mode 

rising edge of A, rising edge of B 
falling edge of A, rising edge of B 
rising edge of A, falling edge of B 
falling edge of A, falling edge of B 

15.6.1.5 Writing Configuration Data 

When you write configuration data to the counter card CONFIG 
register addresses, you are actually writing to a state machine, 
not to registers. The state machine has certain expectations 
about the data that you write to it, and you must meet those 
expectations to get a correctly configured channel. (Since the 
configuration is done by a state machine and not by a set of 
registers, you can't change the configuration just by writing a 
couple of new values to some registers.) 

You can configure a channel on the counter card by writing either 
two sequential single-word values or two sequential double-word 
values to the CONFIG register addresses. (If you try to write any 
other combination of words, the counter card will reject the 
configuration and set the appropriate bit in the CARD STATUS 
register.) If you write two sequential double-word values to the 
CONFIG register addresses, the words you write will be interpreted 
as follows: 

Word Written ~feaning 

------------ -------
1st register, word 1 function code 
Is t register, word 2 preset/range 
2nd register, word 1 count mode 
2nd register, word 2 trigger 

If you write two sequential single-word values to the CONFIG 
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register addresses, 
this way: 

the words you write will be interpreted in 

Word Written 

1st register, word 1 
2nd register, word 1 

Meaning 

function code 
preset/range 

Thus, you can use single-word writes for those configurations that 
require only function code and preset/range values. Single-word 
writes can be made with the CFN or WRITE commands; double-word 
writes can be made with the ECFN or DWRITE commands. 

The counter card firmware will discard the upper 
function code and trigger words. Thus, only the low 
data written for the function-code and trigger 
significant. 

byte 0 f the 
byte of the 

words is 

The two possible ways of configuring a counter card channel are 
implemented by the MCL commands CFN and ECFN. 

WRITE(slot,config-reg,2) fcn-code,preset/range 

is equivalent to 

CFN(slot,channel#) fcn-code,preset/range 

and 

DWRITE(slot,config-reg,2) fcn-code,preset/range,count-mode,trigger 

is equivalent to 

ECFN(slot,channel#) fcn-code,preset/range,count-mode,trigger 

If the counter card CONFIG registers are written to in any way 
different from these examples, the corresponding channel(s) will 
be incorrectly configured. 

15.6.1.6 Configuration Completion 

The CARD STATUS register contains 4 bits used to indicate the 
configuration status of the 4 channels. If the configuration bit 
in the CARD STATUS register is set for a particular channel, the 
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channel is incorrectly or incompletely configured. Only if the 
configuration bit is clear can the channel begin counting. (The 
meanings and positions of these bits are described below, in the 
paragraphs on the CARD STATUS register.) 

When any CONFIG register address is written to, the corresponding 
channel stops counting if it is active, and waits for the 
configuration to be completed. If all of the configuration data 
written is valid, the configuration will be completed and the CARD 
STATUS register configuration bit for that channel will be 
cleared. If any of the configuration data is not valid (e.g., 
undefined function code, trigger va~ue out of range, invalid 
CNUMBER data), the configuration will not be completed and the 
channel cannot begin counting until correctly configured. 

15.6.1.7 Reading Configuration Data 

The data written for configuration by the ECFN and CFN commands 
(or their MCL/50 register and MCLIO equivalents) can be read back 
by the host by reading from the same register addressses that were 
written to by the configuration commands. 

To read the configuration data, do double word reads from the 2 
sequential configuration register addresses for a channel. The 
data returned will be the data that was written, except that the 
high byte of the function code and trigger data will all be 0 (the 
counter card firmware discards the upper byte for these data 
wo rd s) • 

Unlike writing the configuration data, there is a one-to-one 
correspondence between the register read and the data returned: 

Register Read Data Returned 
------------- -------------
1st register, word 1 func tion code 
Is t register, word 2 preset/range 
2nd re g iste r , word I count-mode 
2nd register, word 2 trigger 

The MCL command RCFN will return these four data words. 

DREAD(slot#,config-reg#,2) 

is equivalent to 

RCFN(slot#,channel#) 
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15.6.2 NUM PERIODS (RI45-148) 

The period average and time interval average modes require more 
configuration data than provided by the ECFN or CFN commands (or 
their MCL/50 register and MCLIO equivalents). These two modes 
count internal clock signals for a programmable number of periods 
or time intervals (see the descriptions above). The number of 
periods or time intervals over which the channel is to count is 
written as data to the following register addresses: 

Register 
Address Configuration 
-------- -------------

145 channel 1 number of counting intervals 
146 channel 2 number of counting intervals 
147 channel 3 number of counting intervals 
148 channel 4 number of counting intervals 

The MCL command CNUMBER is equivalent to using 
to write to these register addresses: 

the WRITE command 

WRITE(slot#,number-reg#) number-of-intervals 

is equivalent to 

CNUMBER(slot#,channel#) number-of-intervals 

The period average and time interval average modes are not 
completely configured until the number of intervals data has been 
written. This data must be written after the other configuration 
data has been written to the configuration register addresses. 
The number of intervals data cannot be a or 1; other than that, 
any 16 bit integer value is valid. 

Channels correctly configured for other counting functions will 
become incorrectly configured if the number of intervals data is 
written to that channel. 

A double word write to these register addresses will cause the 
first word of data to be used for the number-of-intervals, and the 
second word of data will be ignored. 
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The data written by the CNUMBER command may also be read by 
reading from the same register addresses written to by the CNUMBER 
command. The MCL command RCNUMBER will read this data word: 

READ(slot#,number-reg#) 

is equivalent to 

RCNUMBER(slot#,channel#) 

A double word read from this register will return a 0 in the 
second word. 

15.6.3 CONTROL (RI77-180) 

A correctly configured counter card channel can be started, 
stopped, and continued after stopping. All of these control 
capabilities are programmed by writing to the following counter 
card register addresses: 

Register 
Addresses Control 
--------- -------

177 channel 1 control 
178 channel 2 control 
179 channel 3 control 
180 channel 4 control 

The MCL command CCONTROL is equivalent to using the WRITE command 
at these register addresses: 

WRITE(slot#,control-reg#) control-data 

is equivalent to 

CCONTROL(slot#,channel#) control-data 

For functions other than totalize, the control data is as follows: 
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Control 
Data 

o 
1 
2 

E f fec t 

Stop active channel 
Start correctly configured channel 
Continue channel previously stopped 

For totalize mode, the control data is as follows: 

Control 
Data 

o 
1 
2 
3 
4 
5 
6 

Effect 

Stop subchannel A 
Start subchannel A 
Continue subchannel A 
unused 
Stop subchannel B 
Start subchannel B 
Continue subchannel B 

Only the low byte of the data word is used by the counter card. 
Any value in the low byte of data, other than those listed above, 
is i gno re d. 

15.6.3.1 Stop Active Channel/Subchannel 

Stopping an active channel or totalize subchannel will suspend the 
counting on that channel or subchannel. For the ungated function 
(totalize, extended totalize, prescale and up-down count), the 
counting can be resumed by continuing the count (see below). A 
channel configured for a gated function cannot be continued. 
Stopping a channel that is not active, or that is not correctly 
configured will have no effect. 

15.6.3.2 Start Channel 

Starting a channel or totalize subchannel will cause the counting 
to begin. If the channel or totalize subchannel is already 
active, it will be stopped and re-started. For the ungated 
functions, any previous data will be lost when the channel is 
started. For the gated functions, the last valid count data is 
still available to be read until the channel completes the count 
again. Starting an incorrectly configured channel or subchannel 
will have no effect. 
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15.6.3.3 Continue Channel 

As described above, if the count on a channel or subchannel is 
stopped, it can be resumed or restarted by using the channel 
control continue command. If the channel is already active, or is 
incorrectly configured, the continue will have no effect. If the 
channel is correctly configured but has never been started, the 
continue will have the same effect as a start (control-data=l). 
If the channel is correctly configured for an ungated function but 
is not currently active, the continue command will cause the count 
to resume. If the channel is correctly configured for a gated 
function but is not currently active, the continue command will 
restart the channel. 

15.6.4 COUNT (RI-4 AND RI29-132) 

Sometimes you will want to read the current count from a channel 
and not affect that ch~nel's counting, and sometimes you will 
want to read the count and cause the channel to re-start without 
missing any counts. Both of these reading modes are supported on 
the counter card. 

Since there are two counting modes (totalize, extended totalize) 
that will return two words of valid data, each channel's current 
count can be read as either a single word or double word value. 

Thus, there are four ways to read a count from a counter card 
channel: single word read ,~without re-start, double word read 
without re-start, single word read with re-start, and double word 
read with re-start. 

For all four ways to read a count, if the channel is incorrectly 
configured, or if the channel has not been started, or if there is 
no data available yet from a channel executing a gated function, 
the count read will always be O. 

15.6.4.1 Single Word Read Without Re-start 

Reading from the following register addresses will 
current count from a channel without affecting the 
counting: 
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Register 
Address Channel 
-------- -------

129 channel 1 
130 channel 2 
131 channel 3 
132 channel 4 

The MCL command COUNT is equivalent to using the READ command to 
read the current count without re-starting the counter: 

READ(slot#,read-reg#) 

is equivalent to 

COUNT(slot#,channel#) 

For a channel configured for a gated function, the count returned 
will be the last count completed. If the channel is configured to 
count continuously (count-mode=1), reading the count without 
re-start will be the usual way to read the current count. When 
the count data is read from a channel executing a gated function, 
the channel's new data available bit in the CARD STATUS register 
is cleared. Thus, the data available bit indicates whether there 
is new, unexamined data available. 

For a channel configured for totalize mode, the data returned for 
a single word read without restart will be the current count on 
subchannel A. 

For a channel configured for extended totalize mode, the data 
returned for a single word read will be the low 16 bits of the 
current count. 

The data returned from a read without restart from a channel 
configured for totalize or up-down count modes will be at most 3 
milliseconds old. For the other ungated counting modes (extended 
totalize, prescale) the data returned will be current. 

Note that the data read from a channel executing the prescale 
function in count continuous mode will never be 0, since the 
channel automatically reloads the preset value and restarts 
counting after completing the previous count. 
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15.6.4.2 Double Word Read Without Re-start 

Reading two words of current count data without affecting the 
counter is done by doing a double word read from the same 
registers as the COUNT command (described above). The MCL command 
DCOUNT is e~uivalent to using the DREAD command to read the double 
word data: 

DREAD(slot#,count-reg#) 

is equivalent to 

DCOUNT(slot#,channel#) 

For a channel configured in totalize mode, the first word of data 
returned will be the count for subchannel A; the second word will 
be the count for subchannel B. For a channel counting in the 
extended totalize mode, the data returned will be the two 16 bit 
words described earlier. For a channel configured for any other 
function, the first word of data will be the same as for the COUNT 
command described above, and the second word of data will be O. 

15.6.4.3 Single Word Read With Re-start 

Reading from the 
channel's current 
any counts: 

following register addresses 
count and re-start the counter 

Reg ister 
Addresses Channel 
--------- -------

1 channel 1 
2 channel 2 
3 channel 3 
4 channel 4 

will read a 
without losing 

The MCL command RCOUNT is equivalent to using the READ command to 
read the count data and re-start the count: 
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READ(slot#,read-reg#) 

is equivalent to 

RCOUNT(slot#,channel#) 

For a gated function, the count data returned will be the last 
valid count. If the channel whose data is being read was actively 
counting when the RCOUNT (or equivalent READ) command was 
executed, the count is aborted and re-started, the count in 
progress is discarded, and the data returned is what ever is left 
over from the last count that was completed. 

Read count with re-start is not appropriate for use with a channel 
that is configured to count continuously (count-mode=1), since the 
count is already re-started automatically when finished. Reading 
the count with re-start is more appropriate to use when the 
channel is configured to read the count only once (count-mode=O)j 
then reading the count with re-start will cause the count to start 
every time it is read. 

Reading the count with re-start is very useful for channels 
configured for ungated functions: the current count can be read 
and saved, and a new count begun without missing any counts. 

If a channel is correctly configured but has not yet been started 
(by a CCONTROL command or the equivalent WRITE), reading the count 
with re-start will return zero but will start the count as if the 
appropriate CCONTROL start command had been executed. 

Reading a 
configured 
significant 
re-startedj 

single word of data with re-start from a channel 
for extended totalize mode will return the least 
16 bits of the current count, and the count will be 
thus, the most significant 16 bits of data are lost. 

Reading a single word of data with re-start from a channel 
configured for totalize mode will return the current count from 
subchannel A, and will restart the count only on subchannel A. 
The count on subchannel B is not read, and is not restarted. 

Reading the count with restart from a channel configured for 
up-down count or totalize modes will return the current data, 
without the up to 3 millisecond lag time that the read without 
restart has. 

Reading the count with restart from a channel configured for 
prescale mode will result in a several microsecond time window 
during which counts may be lost. This is the only counting 
function which may lose counts when read with restart. We suggest 
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that you do not read with restart when using prescale mode. 

15.6.4.4 Double Word Read With Re-start 

Reading two words of data from a counter card channel and causing 
the count to re-start simultaneously is done by doing a double 
word read from the same register addresses as for the RCOUNT 
command (or equivalent READ command) described in the previous 
section. The MCL command RDCOUNT is equivalent to using the DREAD 
command to do this double word read: 

DREAD(slot#,read-reg#) 

is equivalent to 

RDCOUNT(slot#,channel#) 

For a channel configured for the extended totalize mode, the data 
returned will be the two 16 bit integers described earlier. 

For a channel configured for totalize mode, the data returned will 
have the current count from subchannel A in the first word, and 
the current count from subchannel B in the second word. Both 
subchannels will be restarted when a double word read with restart 
is done from a totalize subchannel. 

For a channel configured for any other counting mode, the data 
returned in the first word will be the same as described for the 
RCOUNT command, and the second word of data will be O. In either 
case, the count will be re-started simultaneously. For a channel 
configured for any counting function, if the channel is not 
active, it will be started by a read with restart. 

15.p.5 INTER ENABLE (R225,226) 

20 programmable interrupting conditions on the counter 
for each channel. The interrupts are numbered from 1 

32, and not all interrupts have meaning for the counter 

There are 
card: 5 
through 
card. 
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In terrupt Interrupt 
Number Cond it ion 

--------- ---------
1 Channel 1 (subchannel A) count complete 
2 Channel 2 (subc hannel A) count complete 
3 Channel 3 (subc hannel A) count complete 
4 Channel 4 (subchanne1 A) count complete 
5 Channel 1 subchannel B count complete 
6 Channel 2 subchannel B count complete 
7 Channel 3 subchannel B count complete 
8 Channel 4 subchannel B count complete 

17 Channel 1 (subchannel A) count overflow 
18 Channel 2 (subchannel A) count overflow 
19 Channel 3 (subchannel A) count overflow 
20 Channel 4 (subchannel A) count overflow 
21 Channel 1 subchannel B count overflow 
22 Channel 2 subchannel B count overflow 
23 Channel 3 subchannel B count overflow 
24 Channel 4 subchannel B count overflow 
25 Channel 1 count underflow 
26 Chan ne I 2 count underflow 
27 Channel 3 count underflow 
28 Channel 4 count underflow 

No one counter card function can cause 
interrupt on a channel. 

all three type s of 

Counting Com pIe t io n Overflow Underflow 
Function Interrupt Interrupt Interrupt 
-------- ---------- --------- ---------
totalize yes yes no 

extended totalize no yes no 
prescale yes no no 

up-down no yes ye s 
frequency yes yes no 

period yes yes no 
period average yes yes no 

time interval yes yes no 
time interval average ye s yes no 

ratio yes yes no 

Each channel can be enabled to interrupt when the current count 
completes, when the count overflows, or when the count underflows. 

The interrupts are enabled by writing 
INTERRRUPT ENABLE register addresses. 
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Register Interrupts 
Address Enabled 
-------- ----------

225 enable interrupts 1 through 16 
226 enable interrupts 17 through 32 

If a bit in one of the INTER ENABLE registers is se t , the 
corresponding interrupt is enabled: 

Register Bi til Interruptlt Interrupt Enabled 
-------- ---------- -----------------

225 0 1 chan 1 (subc h A) count co mple te 
225 1 2 chan 2 (subc h A) count complete 
225 2 3 chan 3 ( s ubc h A) count complete 
225 3 4 chan 4 (subc h A) count complete 
225 4 5 chan 1 subch B count complete 
225 5 6 chan 2 subch B count complete 
225 6 7 chan 3 subch B count complete 
225 7 8 chan 4 subch B count complete 
225 8 9 undefined 
225 9 10 undefined 
225 10 11 undefined 
225 11 12 undefined 
225 12 13 undefined 
225 13 14 undefined 
225 14 15 undefined 
225 15 16 undefined 
226 0 17 chan 1 (subch A) overflow 
226 1 18 chan 2 (s ubc h A) overflow 
226 2 19 chan 3 (subc h A) overflow 
226 3 20 chan 4 (subc h A) overflow 
226 4 21 chan 1 subch B overflow 
226 5 22 chan 2 subch B overflow 
226 6 23 chan 3 subc h B overflow 
226 7 24 chan 4 subch B overflow 
226 8 25 chan 1 underflow 
226 9 26 chan 2 underflow 
226 10 27 chan 3 underflow 
226 11 28 chan 4 underflow 
226 12 29 undefined 
226 13 30 undefined 
226 14 31 undefined 
226 15 32 undefined 

The MCL/50 register command WRITE can be used to enable counter 
card interrupts by writing the desired bit patterns to the counter 
card register addresses explained above. If the MCL/50 register 
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command DWRITE is used to do a double word write to the INTER 
ENABLE register addresses, the second word of data for each of the 
registers will be ignored. 

The MCL command INTERRUPT can be used to write to the individual 
bits in the two counter card INTER ENABLE register addr~sses. The 
INTERRUPT command reads the two INTER ENABLE registers, changes 
the bits indicated by the command parameters and writes the new 
register contents back to the function card. 

INTERRUPT(slot#,start-bit[,number-bits]) bit-datal, ••• ,bit-datan 

The interrupt enable sta te can be read from the same registers 
written to. The low level command READ can be used to read bac k 
the contents of the INTER ENABLE registers, or the RINTERRUPT 
command can be used to read just certain bits from tho se 
registers: 

RINTERRUPT(slot#,start-bit[,number-bits]) 

15.6.6 INTERRUPTS (R241,242) 

When an interrupting event occurs on a counter card channel, if 
the interrupt was enabled through the INTER ENABLE register, then 
the corresponding bit in the INTERRUPT· registers will be set to 
indicate that the interrupt has occured, and the counter card will 
set the backplane interrupt line high, signalling an interrupt to 
the BIF card. 

Counter card interrupt status is read from register addresses 241 
and 242. The bits in these registers correspond to the possible 
interrupts in the same way as for the INTER ENABLE registers. 
When the INTERRUPT register(s) are read, the counter card firmware 
automatically resets the INTERRUPT register(s) to O. This 
prevents an interrupt from being reported more than once. 

If the counter card is operating in an HP 2250, the HP 2250 
firmware will automatically read the INTERRUPT registers from 
every card that can interrupt whenever any function card 
interrupts. Thus, in the HP 2250, it is not necessary for you to 
explicitly read the INTERRUPT registers. However, it is possible 
to bypass the HP 2250's interrupt servicing by disabling 
interrupts globally with the FCI command, and then reading the 
interrupt status information from the cards. 
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15.6.7 CARD STATUS (R251) 

All of the counter card "registers" except the CARD STATUE 
register are actually memory locations in the card'~ 

microprocessor. The CARD STATUS register is a physical registel 
on the card. The reason the CARD STATUS register is outside the 
microprocessor is that it is important for the host to be able tc 
read the register even if the card is busy; thus, it must be 
independent of the counter card's processor. 

The CARD STATUS register indicates whether the card is busy; whict 
channels are correctly configured; and which channels have data 
available to be read. 

Bi t II Card Status Register Meaning (when set) 

o data available from channel 1 
1 data available from channel 2 
2 data available from channel 3 
3 data available from channel 4 
4 channell incorrectly/incompletely configured 
5 channel 2 incorrectly/incompletely configured 
6 channel 3 incorrectly/incompletely configured 
7 channel 4 incorrectly/incompletely configured 
8 undefined 
9 undefined 

10 undefined 
11 undefined 
12 undefined 
13 undefined 
14 undefined 
15 card busy 

For a channel configured for totalize 
status register bit for that channel 
subchannel is started. 

mode, the data available 
will be set when either 

The CARD STATUS register can be read from register address 251. 
The MCL command RCS can be used to read the individual bits from 
the CARD STATUS register. This command reads the 16 bit contents 
of the CARD STATUS register from the card and extracts just the 
bits requested by the command parameters: 

RCS(slotll,start-bit[,number-bits]) 
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15.7 PIN ASSIGNMENTS AND CABLING 
There is one card connector (connector 
Table 15-4 shows the signals that are 
pins. The connector numbering scheme is 
the end of Section III of this manual. 

AI) on the counter card. 
routed to the connector 

shown in figure 3-11, at 

Table 15-4. HP 25512 I/O Connector Module Pin Assignments 

CONNECTOR PIN CONNECTION 

A1J1 1 Di agno st ic A + 
A1J1 2 not used 
A 1J1 3 Diagnostic B + 
A1J1 4 card ground 

A1J2 1 Channel 1 A + 
A1J2 2 Channel 1 A -
A1J2 3 Channel 1 B + 
A1J2 4 Channel 1 B -
A1J5 1 Channel 2 A + 
A1J5 2 Channel 2 A -
A1J5 3 Channel 2 B + 
A1J5 4 Channel 2 B -

AIJ6 1 Channel 3 A + 
AIJ6 2 Channel 3 A -
AIJ6 3 Channel 3 B + 
A1J6 4 Channel 3 B -

A1J9 1 Channel 4 A + 
A1J9 2 Channel 4 A -
A1J9 3 Channel 4 B + 
A1J9 4 Channel 4 B -

The connection between the counter card and the field wiring is 
made with one of two field wiring assemblies (FWAs): 

HP 25550A (digital card FWA with screw terminations) 

25550-60003 (digital card FWA, unterminated) 

Note that the HP 25550A has two sets of card connectors and 
cables, but that only one set is used with the counter card. 
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Section XVI 
UP 25515 4-Channel Pulse Output 

INTRODUCTION 
This section provides information for the HP 25515 Pulse Output 
Card. Included are specifications and a functional description. 
Installation information: for the card is provided in the HP 225 
Installation and Start-Up Manual, part number 02250-90012. 

16.2 DESCRIPTION 
The HP 25515 Pulse Output Card, shown in figure 16-1, generates 
square wave pulse output on four channels, at rates up to 10,000 
pulses per second. Pulses may be output either continuously 
("frequency generation mode") or as a fixed-length train of pulses 
("pulse generation mode"). Signal conditioning modules, described 
below, allow a variety of output voltage levels. Pulse outputs 
are provided in formats suitable for direct connection to stepper 
motor translators. In addition, inputs on each channel allow the 
connection of external signals that can be used to stop the output 
of pulses. 

I/O signals. Each channel has two output lines and two input 
lines. The output lines, labeled A and B, can be configured for 
one of the two formats commonly used by stepper motor translators: 

1) all pulses on line A and direction on line B, or 

2) pulses for one direction on line A and pulses for the other 
direction on line B 

where direction refers to the direction of rotation of the stepper 
motor, clockwise or counter-clockwise. 

The two input lines of each channel are limit inputs, one for 
clockwise pulses and one for counter-clockwise pulses. When the 
limit for a particular direction is asserted, the output pulses 
for that direction stop. The input lines can be connected to 
limit switches and used to stop a stepper motor before it reaches 
the end of its travel. 
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16-2 

Figure 16-1. HP 25515 Pulse Card 
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The sense (polarity) of the output pulses and 
signals can be controlled by the software. 
Programmer's Manual for details. 

the input 
Re fer to 

limit 
the 

Output modes. Each channel of the pulse card can output pulses in 
two modes: frequency generation mode and pulse generation mode. 
In frequency generation mode, the pulse card generates a 
continuous stream of pulses at the same rate. This pulse stream 
is started by a standard MCL/50 command; it goes on indefinitely 
until it is stopped by another command or by limit inputs on the 
input lines. You need specify only the minimum pulse rate and the 
width of the pulses to define the pulse stream in frequency 
generation mode, and you can vary those parameters while the pulse 
stream is in progress. The Programmer's Manual describes the 
commands you use in frequency generation mode. 

In pulse generation mode, the pulse card generates a pulse train 
of predetermined length and profile. (See figure 16-2.) The 
pulse train starts at a minimum pulse rate and accelerates until 
it reaches a maximim pulse rate. It continues at the maximum rate 
for a time, then decelerates to the minimum rate and stops. You 
specify the minimum rate, maximum rate, acceleration, pulse width, 
and total number of pulses in the pulse train. (The standard 
MGL/50 cowmands that specify these parameters are described in the 
Programmer's Manual.) 

PULSE 
RATE 

SLOPE = ACCELERATION 
IN HERTZ/SECOND 

TIME 

Figure 7-2: Pulse Rate vs. Time Profile in Pulse Generation Mode 
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After the pulse train decelerates to the minimum pulse rate, the 
pulse card outputs four or five more pulses at the minimum rate 
before stopping. These extra pulses are referred to as the 
"trailing plateau". The trailing plateau contains four pulses if 
the pulses are clockwise in direction, five pulses if 
counter-clockwise. Note that the first pulse at the minimum rate 
is part of the deceleration of the pulse train; that pulse is not 
counted as part of the trailing plateau. 

The deceleration rate of the pulse train is the same as the 
acceleration rate that you specify when you define the pulse 
train. The pulse card calculates the starting point of the 
deceleration so that the total number of pulses in the entire 
pulse train (including the trailing plateau) is the same as the 
number that you specify. If half the number of pulses have been 
generated before the maximum rate is attained, deceleration starts 
immediately. (As with a pulse train that reaches the maximium 
rate, there is a trailing plateau of four or five pulses.) 

Pulse generation mode is started with a 
It can stop in one of four ways: 

standard MCL/50 command. 

1) The pulse train can complete normally. 

2) A limit input. can stop the pulse train. 

3) An MeL/50 command can abort the pulse train immediately. 

4) An MCL/50 command can cause the pulse rate to decelerate to 
the minimum rat~ and stop (without any trailing plateau). 

Pulse parameters. The pulse parameters that define a stream of 
pulses (in either frequency generation mode or pulse generation 
mode) are: 

MINRATE. In frequency generation mode, this specifies the 
pulse rate. In pulse generation mode, this specifies the 
minimum pulse rate (the starting and ending rate) for the 
pulse train. MINRATE is in units of 0.5 pulses per 
second -- that is, the actual pulse rate is MINRATE * 0.5 
pulses per second. In pulse generation mode, MINRATE 
must be a positive integer between a and 19999; in 
frequency generation mode, MINRATE must be between a and 
20000. 

MAXRATE. In pulse generation mode, this is the maximum pulse 
rate that the pulse train can attain. The scaling and 
constraints are the same as for MINRATE. MAXRATE must be 
greater than or equal to MINRATE. 
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MAXRATE has no meaning in frequency generation mode. 

ACCEL. In pulse generation mode. this specifies the rate at 
which the pulse train will accelerate from MINRATE to 
MAXRATE. The actual acceleration rate is linear. and is 
set equal to ACCEL *(625/32). ACCEL must be an integer 
between 1 and 32767. Acceleration is in units of pulses 
per second per second. 

ACCEL has no meaning in frequency generation mode. 

WIDTH. This sets the width of the pulses. Pulse widths are in 
units of 50 microseconds. and the actual pulse width is 
equal to WIDTH * 50 microseconds. WIDTH must be an 
integer between a and 32767. Some additional 
restrictions on pulse width are discussed in the next few 
paragraphs. 

NUMBER of pulses. In pulse generation mode. this gives the 
total number of pulses in the pulse train and the 
direction of the pulses (clockwise or counter-clockwise). 
This value must be an integer between -32768 and 32767. 
excluding O. If NUMBER is positive. the pulses are 
clockwise; if NUMBER is negative. the pulses are 
counter-clockwise. The number of pulses in the pulse 
train is equal to the absolute value of NUMBER. 

In frequency generation mode. only the sign of NUMBER has 
significance. 

(Full details on these parameters. and others. are given in the 
Programmer's Manual.) 

Note that a number of limitations apply to the parameters listed 
above. These are: 

1) The pulse card is designed so that pulses can be triggered 
only on lOa-microsecond boundaries. Thus. actual pulse 
periods are always multiples of 100 microseconds. 

2) If you desire a pulse period that is not a multiple of 100 
microseconds. the pulse card mixes pulses of different 
periods (in multiples of 100 microseconds) to produce a 
pulse train that averages the desired period. For instance. 
if you request a pulse train with a period of 160 
microseconds. the pulse card will mix lOa-microsecond and 
200-microsecond pulse periods so that the average pulse 
period equals 160 microseconds. 

3) To guarantee proper pulse transitions. the pulse width must 
always be at least 50 microseconds less than the minimum 
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pulse period. Note that this can have some subtle effects, 
due to the pulse width averaging explained in the previous 
item. For example, if you had requested pulses with a 
160-microsecond period, you might assume that you could use 
a pulse width of 100 microseconds (the largest multiple of 
50 microseconds that is at least 50 microseconds less than 
the pulse period). This would not work, however, since the 
pulse card would mix 100-microsecond and 200-microsecond 
pulse periods to average 160 microseconds, and a pulse 
width of 100 microseconds would be too wide for a 
IOO-microsecond pulse period. Thus, you would have to use a 
pulse width of 50 microseconds with pulse periods that 
averaged 160 microseconds. 

4) It is possible to specify pulse parameters that are outside 
the acceptable ranges listed above, or that violate the 
limitations listed here, and still get the pulse card to 
output a stream of pulses. Don't do it. Such a pulse 
stream is not reliable, and you can't be sure of what you're 
getting. Make sure that your pulse parameters are within 
acceptable ranges. 

16.3 SPECIFICATIONS 

Table 16-1 gives the specifications of the HP 25515 Pulse Card. 
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Table 16-1. HP 25515 Pulse Card Specifications 

FEATURES 

Square wave output on four independent channels 

Each channel programmed independently 

Continuous output or pre-defined pulse train 

Outputs for stepper motor translators 

Frequency ramping for stepper motor control 

Limit switch inputs 

APPLICATIONS 

Provides pulse output for control of stepper motor trans
lators, set point controllers, and so on. 

PROGRAMMING INFORMATION 

POC command: Configure channel for pulses 

PRATE command: Set pulse rate 

PNUMBER command: Set number of pulses 

PCONTROL command: Start or stop pulse train 

INTERRUPT command: Specify function card interrupts 

RREM command: Read number of pulses remaining 

RCS command: Read card status 

RINTERRUPT command: Read interrupt mask 

Update 3 
16-7 



HP 25515 

Table 16-1. HP 25515 Pulse Card Specifications, continued 

PULSE CHARACTERISTICS 

Initial or final pulse rate: 
o to 9999.5 pulses/second in pulse generation mode 
o to 10000 pulses/second in frequency generation mode 

Pulse period resolution: 100 microseconds 

Pulse rate resolution: 0.5 pulses/sec 

Acceleration rate: 0 to approx. 640,000 pUlses/sec/sec 

Acceleration resolution: approx. 20 pUlses/sec/sec 

Number of pulses: 1 to 32767, or continuous pulse train 

Pulse width: 50 to 1,638,350 microseconds 

Pulse width resolution: 50 microseconds 

Accuracy (MCI clock): 0.01% 

?HYSICAL CHARACTERISTICS 

Width: 34.8 cm (13.54 in.) 

Depth: 28.91 cm (11.38 in.) 

Height: 3.5 cm (1.38 in.) 

Weight: 680 grams (1.5 lb.) 

16.4 SIGNAL CONDITIONING 

16.4.1 OUTPUT SCMS 

Each pair of channels on the pulse card requires a 4-channel 
digital output signal conditioning module (SCM). This may be any 
of the standard 4-chanriel digital output SCMs (HP 25543-, 25544-, 

Update 3 
16-8 



HP 25515 

or 25546-series). Note, however, that the fast switching speeds 
of the FETs in many of these SCMs can cause transmission line 
ringing. We recommend, therefore, that you use the following SCMs 
with the pulse card whenever possible: 

HP 25544A (open drain, non-isolated output) 
HP 25546A (5 volt dc, buffered, non-isolated output) 

The UP 25544A can accept a termination resistor to suppress 
ringing and still operate at full speed, and the buffering of the 
UP 25546A eliminates the ringing problem. 

Refer to the Hardware Reference Manual for full details on the 
SCMs. 

16.4.2 INPUT SCMS 

The pulse card requires two 4-channelinput SCMs for the limit 
inputs. These may be any of the standard 4-channel digital input 
SCMs. 

We particularly recommend the following commonly used SCMs: 

HP 25535B (5 Vdc, non-isolated source input) 
HP 25535C (12 Vdc, non-isolited source input) 
HP 25535L (12 Vdc, non-isolated sink input) 
HP 25537P (5 Vdc, isolated input) 
HP 25537Q (12 Vdc, isolated input) 

Refer to the Hardware Reference Manual for more information on 
digital input SCMs. 

16.5 FUNCTIONAL DESCRIPTION 
Figure 16-3 shows a functional block diagram of the HP 25515 Pulse 
Card. 
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Figure 16-3. HP 25515 Functional Block Diagram 

Upd a te 3 
16-10 



HP 25515 

16.5.1 MAIN CONTROLLER 

The main controller of the pulse card contains the counters and 
logic for executing the microinstruction set, which is stored in 
ROM. The controller steps through a lOO-state loop, controlled by 
a 1 mHz clock. (This gives the pulse card its fundamental 
lOO-microsecond pulse interval.) In each state it executes a 
24-bit microinstruction that controls data flow, arithmetic 
operations, addressing, or a similar function. 

The main controller carries out two principal functions: 

1) servicing backplane requests. This involves transferring 
data between the backplane and card (on-board) RAM, in 
either direction. 

2) controlling the pulse train. This includes controlling the 
rate and width of the pulses on each of the four channels of 
the card. 

16.5.2 ARITHMETIC CONTROLLER 

The arithmetic controller of the pulse card contains an arithmetic 
logic unit (ALU) for performing arithmetic functions, and 128 
words of RAH. Each word of RAM is a 16-bit register; taken 
together, these registers are addressable as registers 129 through 
256 of the pulse card. These registers are used to store 
user-assigned parameter values, as well as constants and temporary 
variables used by the state machine. The register map later in 
this chapter describes the registers that are available for your 
use. 

The contents of RAM are loaded from ROM following each SYstem 
Normalize or RESet command or card power-up. As soon as RAM is 
initialized, the main state machine begins executing. Note that 
some of the values that are initialized in RAH are constants used 
by the main state machine. If you overwrite any of these values 
using MCL/50 register (WRITE) commands or MCLIO commands, the 
pulse card may give you unexpected results or no results at all. 
You can recover from this situation by issuing a SYN or RES 
command, or by turning off the power to the card and turning it on 
again. 

Update 3 
16-11 



HP 25515 

16.5.3 OUTPUT LOGIC 

There are two output lines (A and B) for each of the four channels 
of the pulse card. You specify, using standard MCL/50 
configuration commands, the format of the pulses output on the two 
lines and the sense of those pulses. The logic in the output 
section of the card reads the configuration information from RAM 
and acts on the pulses accordingly. 

There is also timing circuitry in the output section that controls 
the pulse width at 50-microsecond intervals. Since the main state 
machine can only control the pulse state every 100 microseconds, 
an external 50-microsecond timer is included in the output section 
to double this reslolution. The main state controller outputs the 
pulse state every 100 microseconds, along with an instruction that 
tells whether or not to change the pulse state after 50 
microseconds. The timing circuitry decodes these instructions and 
outputs the appropriate pulses. 

All output lines (A and B for each channel) pass through final 
output latches. These lines are synchronized with the 1 mHz clock 
that controls the main state machine, and pulses for all channels 
are output synchronously. (It is possible to synchronize the 
pulses on mUltiple cards by turning off the immediate execute 
(lEX) signal before the pulse you set up the pulse trains and then 
executing them all at the same time with a trigger to the execute 
(XCUT) line.) 

Output pulses pass through signal conditioning modules (SCMs). 
All SCMs that are compatible with the pulse card are 4-point SCMs; 
thus, they will condition the output lines for two channels. 
Channels 1 and 2 are controlled by one SCM, channels 3 and 4 by 
another. Note that the output SCMs invert the sense of the 
pulses. In this manual, all descriptions of output pulse sense 
assume that SCMs are in place on the card and that the pulses are 
being read at the outputs of the SCMs. 

16.5.4 INPUT LOGIC 

Each of the four channels on 
These lines are used as limit 
the clockwise direction and 
counter-clockwise direction. 
pulses in that direction are 

the pulse card has two input lines. 
inputs; one line controls pulses in 
the other controls pulses in the 

When an input limit goes true, all 
stopped immediately. 

Limit input signals come into the pulse card through two 
input lines for channels 1 four-channel SCMs. One SCM covers the 
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and 2; the other SCM covers channels 3 and 4. The card is 
designed so that, in the default state, low or unconnected inputs 
yield false limits. 

Each channel can be configured so that the sense of the limits on 
that channel is inverted (that is, so that low inputs yield true 
limits and high inputs yield false limits). You can do this using 
standard MCL/50 commands; the configuration information is stored 
in the channel configuration registers in RAM. 

Once every 100 microseconds the main state machine reads the state 
of each limit input and checks the configuration register to see 
whether the sense is to be inverted. If the resulting limit is 
true, the pulse train for that direction and that channel is 
stopped. 

16.5.5 INTERRUPT AND STATUS LOGIC 

Each channel of the pulse card can generate an interrupt on one of 
two conditions: 

1) normal completion of the pulse train 

2) termination of the pulse train by limit input signal 

Note that, for interrupt purposes, the use of an MeL/SO command to 
abort or prematurely decelerate a pulse train is considered to be 
normal completion. 

There are eight possible interrupts that can be generated by a 
pulse card (2 conditions per channel times 4 channels). 
Interrupts are enabled by using a high level command to set 
appropriate bits in the INTERRUPT ENABLE register. The main state 
machine checks for interrupts once every 100 microseconds; if one 
of the interrupt conditions occurs and that interrupt is enabled, 
the corresponding bit in the INTERRUPT register is set. (The 
paragraphs below on "Register Assignments" describe the registers 
and the meanings of the bits in the registers.) 

Interrupts collect in the INTERRUPT register until that register 
is read; after it is read the INTERRUPT register is cleared. The 
INTERRUPT register can be read by an explicit command from the 
user or implicitly by the system if function card interrupts are 
enabled (by the FCI command). 

The output status of the pulse card is shown by bit 
the STATUS register. For each channel, the STATUS 
show up to two conditions: 

Update 3 
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1) a pulse train is in progress on that channel 

2) the channel is waiting for a strobe signal 

The meanings of the bits in the STATUS register are described in 
the paragraphs on "Register Assignments", below. 

16.6 REGISTER ASSIGNMENTS 
The pulse card derives the information it needs from the values 
stored in the card registers. Each register holds one 16-bit 
integer word. Table 16-2 shows the register assignments for the 
pulse card. You can set or examine the values in the registers 
using standard MeL/50 commands, MeL/50 register commands (READ and 
WRITE), or MeLlO commands. (Refer to the Programmer's Manual and 
the Automation Library Manual for details.) Table 16-3 shows 
which commands affect which registers. The meanings of the values 
in the individual registers are given after table 16-3. 

Table 16-2 shows only "external" registers, the ones that you will 
generally use in programming the card. In addition, there are 

.several "internal" registers that are not shown; these registers 
are used by the card as scratch areas for storing intermediate 
values. You can directly address any of the registers on the card 
using MeL/50 register commands (READ and WRITE) or MeLlO commands. 
Be careful when you write to the registers on the card, for the 
reasons given in the following cautionary note. 

16-14 

DO NOT write to registers that are not listed in 
table 16-2. Writing to unlisted registers can 
disturb the values stored there and can cause the 
pulse card to malfunction. Similarly, DO NOT 
write improper values to the listed registers, as 
improper values can also cause the card to 
malfunction. (Appropriate values for the listed 
registers are given after table 16-3.) We 
recommend that you use standard MeL/50 commands 
whenever possible, as those commands will address 
only the correct registers. If you do make a 
mistake and cause the card to malfunction, you can 
recover by issuing a system reset command; this 
will reset the card (as well as the system) and 
cause the initialization values to be read from 
ROM storage into the registers. 
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Table 16-2. Pulse Output Card Register Assignments 

PAGE 1 PAGE 2 PAGE 3 PAGE 4 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
1 1 
12 
13 
14 
15 
16 

PAGE 5 PAGE 6 PAGE 7 PAGE 8 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 
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Table 16-2. Pulse Output Card Register Assignments, Continued 

PAGE 9 PAGE 10 PAGE 11 PAGE 12 

1 NUM PULSES 1 REH PULSES 1 LINIT NIRROR 
2 NUN PULSES 2 REM PULSES 2 
3 NUN PULSES 3 REM PULSES 3 
4 NUM PULSES 4 REM PULSES 4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

PAGE 13 PAGE 14 PAGE 15 PAGE 16 

1 MINRATE 1 CONTROL 1 INTER ENABLE INTERRUPTS 
2 MAXRATE 1 CONTROL 2 
3 ACCE!,. 1 CONTROL 3 
4 WIDTH 1 CONTROL 4 
5 MINRATE 2 
6 NAXRATE 2 
7 ACCEL 2 
8 WIDTH 2 

9 MINRATE 3 CONF IGU RE 1 
10 MAXRATE 3 CONF IGU RE 2 
11 ACCEL 3 CONFIGURE 3 CARD STATUS 
12 WIDTH 3 CONFIGURE 4 
13 MINRATE 4 CARD ID 
14 MAXRATE 4 
15 ACCEL 4 
16 WIDTH 4 BIF 

Upda te 3 
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Table 16-3. Relationships of Commands and Registers 

Standard 
MCL/50 Reg iste r 
Command Command * -------- --------
POC WRITE, READ 

MCLIO 

PRATE WRITE, READ 
HCLIO 

PNUMBER WRITE, READ 
MCLIO 

PCONTROL WRITE, READ 
MCLIO 

INTERRUPT WRITE, READ 
MCLIO 

RREM READ, MCLIO 

RGS READ, MCLIO 

RINTERR UPT READ, MCLIO 

(none) READ, MCLIO 

(none) READ, MCLIO 

Register 
Names 

CONFIGURE (1-4) 

MINRATE (1-4) 
MAXRATE (1-4) 
ACCEL (1-4) 
WIDTH (1-4) 

NUM PULSES (1-4) 

CONTROL (1-4) 

INTER ENABLE 

REM PULSES (1-4) 

CARD STATUS 

INTER ENABLE 

INTERRUPTS 

LItllT MIRROR 

Register 
Numbers 

233-236 

193,197,201,205 
194,198,202,206 
195,199,203,207 
196,200,204,208 

129-132 

209 - 212 

225 

145-148 

251 

225 

241 

161 

* We recommend that you use standard MCL/50 commands whenever 
possible. If you do use register commands, be particularly 
careful when you write to the registers on the card. Make 
sure that you are writing the correct value to the correct 
register; an incorrect write can cause the card to stop 
functioning or to function in a way that you do not intend. 
If you find yourself in such a situation, use a system reset 
to restore the card (and the system) to its original state. 

The following paragraphs give the appropriate values for the 
various registers and explain the meanings of the bit patterns 
that make up several of those values. Note that the pulse card 
has no mechanism to prevent' you from supplying an inappropriate 
value, or to prevent you from writing to a register that is 
reserved for internal use by the card. Take care to write proper 
values to the right registers. 

Update 3 
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CONFIGURE (R233-236) -- The bits that are set in this wore 
determine the configuration of the channel. Only four bitl 
(bits 0 through 3) are significant; they have the followinl 
meanings: 

Bit 
Number Value Meaning 

o 

1 

2 

3 

o Clockwise pulses appear on output line A 
counter-clockwise pulses appear on line B. 

1 Pulses for both directions appear on output 
line A; the pulse direction is indicated or 
line B. (A high output state on line I 
indicates clockwise pulses, and a low output 
state indicates counter-clockwise pulses.) 

o Output pulses are inverted: true pulses yielc 
low outputs. (If the channel is configurec 
to output only pulse direction on line B, 
this setting does not affect line B.) 

1 Output pulses are normal: true pulses yiel~ 

high outputs. 

o Limit inputs are inverted: a value of 0 ir 
the LIMIT MIRROR register yields a true limit 
condition; a value of 1 yields a false limit 
condition. (Refer to the explanation of the 
LIMIT MIRROR register, below.) 

1 Limit inputs are normal: a value of 0 in the 
LIMIT MIRROR register yields a false limit 
condition; a value of 1 yields a true limit 
condition. (Refer to the explanation of the 
LIMIT MIRROR register, below.) 

o The channel is configured for pulse 
generation mode. 

1 The channel is configured for frequency 
generation mode. 

The default (power-up) value of the CONFIGURE register is ~ 

(bit 2 set, all other bits clear). 
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MINRATE (R193,197,201,205) -- This determines the starting and 
ending pulse rate in pulse generation mode, or the continuous 
pulse rate in frequency generation mode. The actual pulse rate 
is (MINRATE * 0.5) pulses per second. In pulse generation mode 
MINRATE must have an integer value between 0 and 19999; in 
frequency generation mode MINRATE must be between 0 and 20000. 

MAXRATE (R194,198,202,206) -- This determines the maximum 
that the pulse train can attain in pulse generation mode. 
has no meaning in frequency generation mode.) The scaling 
constraints are the same as for MINRATE. MAXRATE must 
greater than or equal to MINRATE. 

rate 
(It 
and 

be 

ACCEL (R195,199,203,207) -- This determines the rate at which the 
pulse train will accelerate from MINRATE to MAXRATE in pulse 
generation mode. (It has no meaning in frequency generation 
mode.) The actual acceleration rate is linear, and is equal to 
(ACCEL * (625/32» pulses per second per second. ACCEL must be 
an integer value between 1 and 32767. (To get an acceleration 
of 0, set MAXRATE equal to MINRATE.) 

WIDTH (R196,200,204,208) -- This controls the width of the pulses 
(the duration for which they are true). Actual pulse width is 
(WIDTH * 50) microseconds. WIDTH must be in the range of 0 to 
32767. The pulse width must be at least 50 microseconds less 
than the shortest pulse interval in a pulse train. 

NUM PULSES (R129-132) -- This number determines the number and 
direction of pulses in a pulse train. NUM PULSES must be an 
integer value between -32768 and 32767, excluding O. In pulse 
generation mode, the number of pulses in the train is equal to 
the absolute value of NUM PULSES. The direction of the pulses 
is indicated by the sign of NUM PULSES: a positive value 
indicates clockwise pulses and a negative value indicates 
counter-clockwise pulses. In frequency generation mode the 
sign of NUM PULSES indicates the direction; the absoulute value 
has no significance. 

CONTROL (R209-212) -- This controls the generation of pulses for 
a particular channel. There are three acceptable values: 

3 Start the generation of pulses. 

8 Stop pulse generation immediately. 

10 Decelerate the pulse train from its current rate to 
MINRATE, then stop pulses. (There will be no trailing 
plateau.) 
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Any other values may give unpredictable results. 

Note that the channel must be explicitly stopped (control = ~ 

or 10) before changing modes or before starting a new train ir 
pulse generation mode. 

INTER ENABLE (R225) -- This is an interrupt mask register 
controls which interrupts are generated. Only the first 
bits (bits 0 through 7) of this register are significant. 
a bit is set (= 1) the corresponding interrupt is enabled; 
it is cleared (= 0) that interrupt is disabled. 
correspondence between the bits and the interrupts is: 

High Decimal 
Channel Bit Level Value 

Function Number Number Code (Set) 
-------- ------- ------ ----- -------

Interrupt on normal 1 a 1 1 
pul se train 2 1 2 2 
completion (including 3 2 3 4 
user abort) 4 3 4 8 

Interrupt on pulse 1 4 5 16 
train termination 2 5 6 32 
by limit i npu t s 3 6 7 64 

4 7 8 128 

that 
eight 

Whe Ii 
whell 

The 

Note that premature 
values of 8 or 10 
interrupt system. 

stopping of the pulse 
is treated as normal 

train using CONTROL 
completion by the 

The standard MCL/50 commands used for accessing the 
INTER ENABLE register (INTERRUPT for setting bits, RINTERRUPT 
for examining their values) deal in bit patterns. The 
analogous MCL/50 register commands (WRITE and READ) use the 
decimal values equivalent to those bit patterns. Refer to the 
Programmer's Manual for details. Note also that the RINTERRUPT 
command gives you the value of the interrupt mask (the 
INTER ENABLE register). If you need to examine the interrupts 
that have been generated (the INTERRUPT register), you must use 
a READ command or an MCLIO command. 

REM PULSES (RI45-148) -- This register shows the number of pulses 
remaining in the pulse train for a given channel. A positive 
number indicates that the remaining pulses are clockwise in 
direction, a negative number indicates counter-clockwise 
pulses. In frequency generation mode, only the sign of the 
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number is significant; the magnitude is meaningless. 

CARD STATUS (R 2 51) 
in the following 

-- This register gives the status of the ca~d, 

te rms: 

Bit 

0 
1 
2 
3 

4 
5 
6 
7 

Channel 
-------

1 
2 
3 
4 

1 
2 
3 
4 

Meaning 

If set, pulses are in progress 
on tha t c hanne 1. 

If set, pulses are waiting for 
strobe on that channel. 

Note that the standard MCL/50 command (RCS) returns information 
as a series of bits, whereas the MCL/50 register command (READ) 
returns an equivalent decimal value. 

INTERRUPTS (R241) -- This register shows which interrupts have 
occurred on the pulse card. Eight bits are used to show the 
interrupt status of the four channels. A set bit (= 1) 
indicates that the corresponding interrupt has occurred, and a 
clear bit (= 0) indicates that no interrupt has occurred. The 
bits have the following meanings: 

Bit 
Number 
------

0 
1 
2 
3 

4 
5 
6 
7 

Note that 
values of 
interrupt 

Decimal 
Value 
(Set) 
-------

1 
2 
4 
8 

16 
32 
64 

128 

premature 
8 or 10 

system. 

Channel 
Number 

1 
2 
3 
4 

1 
2 
3 
4 

Meaning 

Interrupt has occurred 
on normal pulse train 
completion (including 
user abort). 

Interrupt has occurred 
on pulse train 
termination by limit 
inputs. 

stopping of the pulse 
is ~reated as normal 

train using CONTROL 
completion by the 

When you read the value of the INTERRUPT register with a READ 
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command, the results are returned as a decimal integer value 
not as a series of bits. 

The INTERRUPT register is cleared after it is read. 
the INTERRUPT register can be caused in two ways: 

A read oj 

1) You can read it explicitly, with a READ command or ar 
MCLIO command. 

2) The system 
interrupts 

will read it automatically if 
are enabled (FCI = 1). 

function card 

When a pulse train completes, the interrupt occurs on the 
rising edge of the last pulse. This can cause a problem in 
some situations. If the channel is generating very wide 
pulses, the interrupt can be generated and serviced before the 
·last pulse has completed, and before the main state machine can 
update the CONTROL register at the completion of the pulse 
train. If the interrupt schedules another task that starts a 
new pulse train on the same channel (an action that involves 
writing a new instruction to the CONTROL register), the new 
pulse train can contain an extra pulse. You can avoid problems 
in this area by having the interrupt-scheduled task check the 
CARD STATUS register to make sure that the old pulse train has 
completed before the new one is started. 

LIMIT MIRROR (R161) -- Bit settings in this register reflect the 
pulse card's perception of the state of the limit inputs at the 
time that the register is read. (Due to differences in SCM 
types, the card's perception may not match reality, as is 
explained below.) A set bit (= 1) indicates a true limit 
input; a clear bit (= 0) indicates a false limit input. The 
meanings of the bits are: 

Decimal 
Bit Value 
Number (Set) Channel Direction 
------ ------- -------

a 1 1 Counter-clockwise 
1 2 2 
2 4 3 
3 8 4 

4 16 1 Clockwise 
5 32 2 
6 64 ~ 

7 128 4 
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The relationship between the logic level 
the field wiring and the value stored 
register varies according to the type 
possible relationships are: 

input to the SCM from 
in the LIMIT MIRROR 
of SCM used. The 

Input to Limit SCM 

0 1 NC * 

Source 0 1 0 
S 
C 
M 

Sink 1 0 0 
t 
Y 
P 
e Isolated 0 1 0 

This matrix shows the value store d in 
the LHUT MIRROR register for a given 
combination of input log ic level and 
SCM type. Source-type SCMs include 
HP 25535B-E. Si nk-type SCMs inc I ude 
HP 25535K,L. Isolated SCMs include 
HP 25537P-W. 

* NC = not connected 

Note that the LIMIT MIRROR register indicates the perceived 
state of the input lines. It does not take into account any 
sense inversion that may be specified by the settings of bit 2 
of the CONFIGURE registers. 

The MCL/50 register command (READ) will return limit input 
status as a decimal integer value. 
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16.7 PIN ASSIGNMENTS AND CABLING 
There are two card connectors (A3 and 
Table 16-4 shows the signals that are 
pins. The connector numbering scheme is 
the end of Section III of this manual. 

A4) on the pulse card 
routed to the connecto 

shown in figure 3-11, a 

Table 3-1. HP 25515 I/O Connector Pin Assignments 

CONNECTOR PINS CONNECTION CONNECTOR PINS CONNECTION 

A3J1 1-4 not used A4J1 1-4 not used 
A3J2 1 Chan. 1 A+ A4J2 1 Ch. 1 CW+ 
A3J2 2 Chan. 1 A- A4J2 2 Ch. 1 CW-
A3J2 3 Chan. 1 B+ A4J2 3 Ch. 1 ccw+ 
A3J2 4 Chan. 1 B- A4J2 4 Ch. 1 CCW-
A3J5 1 Chan. 2 A+ A4J5 1 Ch. 2 CW+ 
A3J5 2 Chan. 2 A- A4J5 2 Ch. 2 cw-
A3J5 3 Chan. 2 B+ A4J5 3 Ch. 2 CC~I+ 

A3J5 4 Chan. 2 B- A4J5 4 Ch. 2 CCW-
A3J6 1 Chan. 3 A+ A4J6 1 Ch. 3 cw+ 
A3J6 2 Chan. 3 A- A4J6 2 Ch. 3 cw-
A3J6 3 Chan. 3 B+ A4J6 3 Ch. 3 CCW+ 
A3J6 4 Chan. 3 B- A4J6 4 Ch. 3 CCW-
A3J9 1 Chan. 4 A+ A4J9 1 Ch. 4 Cw+ 
A3J9 2 Chan. 4 A- A4J9 2 Ch. 4 CW-
A3J9 3 Chan. 4 B+ A4J9 3 Ch. 4 ccw+ 
A3J9 4 Chan. 4 B- A4J9 4 Ch. 4 ccw-

The A and B lines on connector A3 are output 1 ine s • Bit 
settings in the CONTROL registers de te r mine what signals are 
output on those line s • The cw and CCW lines on connector A4 
are limit input lines for limiting pulses in the cloc kwise 
and counter-clockwise directions, respectively. 

The connection between the pulse card and the field wiring is mad 
with one of two field wiring assemblies (FWAs): 

HP 25550A (digital card FWA with screw terminations) 

HP 25550B (digital card FWA, unterminated) 
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A 

Address buffer, 2-8 
Address counter latch, 2-8 
Address decoder, 2-8 
Address format, 3-17 
Address latch, 2-8 
Address strobe, 3-9 
Addressable registers, 3-40 
Addressing, 2-6, 2-9 

function cards, 3-14 
register, 3-30, 3-36 

Analog function cards, 3-26 
Autoranging, 4-11 

B 

Backplane, 2-4 
Backplane interface, 1-8, 2-4, 3-1, 3-14 
Backplane signal distribution, 3-22 
Backplane signals, 3-5 
Backplane wiring, 3-18 
BIF, 1-8, 2-4, 3-1, 3-14 
Bus 

MCI, 3-3 
power, 3-3 

c 

Cabling 
fu nc tion cards, 
BP 25501 , 4-16 
BP 25502, 5-15 
HP 25503, 6-16 
HP 25504, 7-21 
HP 25510, 8-12 
!-IP 25511, 9-20 
HP 25512, 15-39 
HP 25513, 10-16 
HP 25514, 11-19 
HP 25515, 16-24 
HP 25516, 12-23 

Calibration 
HP 25501 , 4-17 
HP 25502, 5-15 
HP 25503, 6-16 
HP 255011, 7-22 
HP 25510, 8-12 

3-42 
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Card configuration register, 3-32 
Card slots, 2-8 
Card status register, 3-42 
Clock signals, 3-5 
Configurations, 1-3 
Connector pin assignments 

HP 25501, 4-16 
HP 25502, 5-14 
HP 25503, 6-15 
HP 25504, 7-20 
HP 25510, 8-12 
HP 25511, 9-19 
HP 25512, 15-39 
HP 25513, 10-15 
HP 25514, 11-18 
I-lP 25515,16-24 
HP 25516, 12-22 

Controller, 2-1, 2-9 

D 

Daisy chain, 1-8, 3-8, 
Data register, 3-32 
Description 

3-20 

ElF functional description, 
functional, 1-8 
BP 2104 functional, 2-4 
HP 25501, 4-1 
H P 25501 functional, 4-11 
HP 25502, 5-1 
HP 25502 functional, 5-9 
HP 25503, 6-1 
HP 25503 functional, 6-10 
HP 25504, 7-1 
HP 25504 functional, 7 -11 
tiP 25510, 8-1 
H P 25510 functional, 8-3 
HP 25511, 9-1 
H P 25511 functional, 9-6 
HP 25512, 15-1 
I-l P 25512 functional, 15-8 
tiP 25513, 10-1 
HP 25513 functional, 10-6 
HP 25514, 11- 1 
l-lP 25514 functional, 11-9 
HP 25515, 16-1 
HP 25515 functional, 16-9 
tiP 25516, 12-1 
HP 25516 functional, 12-7 
HP 25531, 14-6 
HP 25533, 14-11 

Index-2 

3-14 
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HP 25535, 14-6 
HP 25536, 14-42 
tIP 25537, 14-11 
HP 25539, 14-18 
HP 25540, 14-23 
HP 25543, 14-27 
HP 25544, 14- 30 
HP 25545, 14-35 
HP 25546, 14-39 
tIP 25594, 13-1 
HP 25594 functional, 13-5 
physical, 1-1 
SCMs, 14-1 
system, 1-2 
thermocouple reference connector, 13-1 
thermocouple reference connector functional, 13-5 
TRC, 13-1 
TRC functional, 13-5 

Digital function cards, 3-34 
Direct addressing, 2-6 
DIvlA, 2-6 

E 

Enable lines, 3-20 
External pacing, 2-7 
External strobe, 14-1 

F 

Function card addressing, 3-14 
Function cards, 3-20 

analog, 3-26 
cabling, 3-42 
connectors, 3-42 
digital, 3-34 
types, 1-6 

Functional description, 1-8 
BIF, 3-14 
HP 2104, 2-4 
HP 25501, 4-11 
HP 25502, 5-9 
HP 25503, 6-10 
HP 25504, 7-11 
HP 25510, 8-3 
HP 25511, 9-6 
HP 25512, 15-8 
tIP 25513, 10-6 
HP 25514, 11-9 
HP 25515, 16-9 
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HP 25516, 12-7 
HP 25594, 13-5 
thermocouple reference connector, 13-5 
TRe, 13-5 

G 

Gain register, 3-30 
Global autoranging, 3-32 
Global register, 2-7 

I-l 

Handshaking, 2-4, 2-9 
HP 12001, 1-7,2-1 
HP 12009, 1-7, 2-1 
HP 12013, 1-7, 2-1 
HP 12035, 1-7, 2-1 
HP 12070, 1-7, 2-1 
HP 12071, 1-7,2-1 
HP 2104, 1-7,2-1 

functional description, 2-4 
I-lP 2250 

configurations, 1-3 
functional description, 1-8 
industrial configuration, 1-3 
mobile configuration, 1-3 
options, 1-3 
physical description, 1-1 
rack cabinet model, 1-5 
system description, 1-2 

HP 2250M, 1-3 
HP 2250N, 1-3 
!-IP 2250R, 1-5 
HP 2251, 1-6, 3-1 
HP 25501 

cabling, 4-16 
calibration, 4-17 
description, 4-1 
functional description, 4-11 
pin assignments, 4-16 
register assignments, 4-13 
specifications, 4-4 

!-IP 25502 
cabling, 5-15 
calibration, 5-15 
description, 5-1 
functional description, 5-9 
pin assignments, 5-14 
register assignments, 5-11 
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specifications, 5-3 
HP 25503 

cabling, 6-16 
calibration, 6-16 
descr i ption, 6-1 
functional description, 6-10 
pin assignments, 6-15 
register assignments, 6-12 
specifications, 6-4 

HP 25504 
cabling, 7-21 
calibration, 7-22 
descri,t.Jtion, 7-1 
functional description, 7-11 
pin assignments, 7-20 
register assignments, 7-17 
relay verification, 7-33 
specifications, 7-3 

HP 25510 
cabling, 8-12 
calibration, 8-12 
description, 8-1 
functional description, 8-3 
pin assignments, 8-12 
register assignments, 8-9 
specifications, 8-4 

HP 25511 
cabling, 9-20 
des cr i ption, 9-1 
functional description, 9-6 
pin assignments, 9-19 
register assignments, 9-16 
specifications, 9-3 

HP 25512 
cabling, 15-39 
description, 15-1 
functional description, 15-8 
Pin assignments, 15-39 
register assignments, 15-17 
specifications, 15-3 

HP 25513 
cabling, 10-16 
description, 10-1 
functional description, 10-6 
pin assignments, 10-15 
register assignments, 10-12 
specifications, 10-3 

HP 25514 
cabling, 11-19 
description, 11-1 
functional description, 11-9 
pin assignments, 11-18 
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register assignments, 11-15 
specifications, 11-3 

HP 25515 
cabl in g, 16-24 
description, 16-1 
functional description, 16-9 
pin assignments, 16-24 
register assignments, 16-14 
specifications, 16-6 

HP 25516 
cabling, 12-23 
description, 12-1 
functional description, 12-7 
pin assignments, 12-22 
register assignments, 12-19 
specifications, 12-3 

HP 25531, 14-6 
tIP 25533, 14-11 
HP 25535, 14-6 
HP 25536, 14-42 
HP 25537, 14-11 
HP 25539, 14-18 
HP 25540, 14-23 
HP 25543, 14-27 
HP 25544, 14-30 
HP 25545, 14-35 
HP 25546, 14-39 
HP 25591~ 

description, 13-1 
functional description, 13-5 
specifications, 13-4 

HP 37203, 1-7, 2-1 
HP-IB interface, 2-8 

I 

1/0 master chip, 2-7 
Industrial model, 1-3 
Initialization signal, 3-9 
Input commands, 3-13 
Interrupts, 3-17 
rop chip, 2-8 

L 

LED indicators, 3-8 
Listener, 2-9 
Listening, 2-9 
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M 

Mapped addressing, 2-6 
MCI, 2-4 
MCr bus, 3-3 
MCU, 3-1 
MCU backplane signals, 3-5 
Measurement strobes, 3-13 

N 

NEMA, 1-3 

o 

Offset addressing, 2-6 
Open sensor detect, 3-33 
Options 

001, 1-5 
002,1-5 
003, 1-5 
010, 1-3 
015, 1-3 
016, 1-5 
017, 1-5 

Output channel register, 8-3 

P 

Parity, 2-6 
PHI chip, 2-8 
Physi cal description, 1-1 
Pin assignments 

II P 255 0 1, 4 - 1 6 
HP 25502, 5-14 
HP 25503, 6-15 
HP 25504, 7-20 
I-lP 25510, 8-12 
HP 25511, 9-19 
HP 25512, 15-39 
HP 25513, 10-15 
HP 25514, 11-18 
HP 25515,16-24 
HP 25516, 12-22 

Point register, 3-36 
Power bus, 3-3 
Power distribution, 3-20 
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Pulse detector, 3-5 

R 

RAM, 2-4 
Read cycle, 2-6 
Read operation signals, 3-11 
Refresh cycle, 2-6 
Register addressing, 3-30 
Register assignments 

HP 25501, 4-13 
HP 25502, 5-11 
HP 25503, 6-12 
HP 25504, 7-17 
HP 25510, 8-9 
HP 25511, 9-16 
HP 25512, 15-17 
HP 25513, 10-12 
HP 2551 i4, 11-15 
HP 25515, 16-14 
HP 25516, 12-19 

Registers 
256, 3-17 
addressable, 3-40 
addressing, 3-30, 3-36 
card configuration, 3-32 
card ID, 3-30 
card status, 3-42 
data, 3-32 
gain, 3-30 
global, 2-7 
interrupt, 3-18 
Output channel, 8-3 
point, 3-36 
unmask, 3-18 
zero, 3-32, 3-33 

Relay verification, 7-33 
ROM, 2-4 

S 

SCfv'ls, 1-6 
description, 14-1 
HP 25531, 14-6 
HP 25533,14-11 
HP 25535, 14-6 
HP 25536, 14-42 
HP 25537, 14-11 
H P 25539, 1 4 - 1 8 
HP 25540, 14-23 
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HP 25543, 14-27 
HP 25544, 14-30 
HP 25545, 14-35 
HP 25546, 14-39 
matrix, 14-2 
selection guide, 3-38 
summar y, 14-2 
usage example, 14-5 

Select code, 2-7 
Signal conditioning modules, 1-6 

description, 14-1 
selection guide, 3-38 
types, 1-6 

Signal distribution, 3-22 
Slots, 2-8 
Specifications 

HP 25501, 4-4 
HP 25502, 5-3 
HP 25503, 6-4 
HP 25504, 7-3 
HP 25510, 8-4 
HP 25511, 9-3 
HP 25512, 15-3 
HP 25513, 10-3 
BP 25514, 11-3 
HP 25515, 16-6 
HP 25516, 12-3 
HP 25531, 14-9 
HP 25533, 14-14 
HP 25535, 14-9 
HP 25536, 14-44 
HP 25537, 14-14 
HP 25539, 14-21 
HP 25540, 14-26 
HP 25543, 14-29 
HP 25544, 14-33 
HP 25545, 14-37 
HP 25546, 14-41 
HP 25594, 13-4 

Stack addressing, 2-6 
Strobes, 3-13, 14-1 
System controller, 2-9 
System description, 1-2 

T 

Talker, 2-9 
Talking, 2-9 
Thermocouple reference connector, 13-1 
Timing, 2-7 
TRC, 13-1 
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U 

Unmasking, 3-17 

W 

Wiring, 3-18 
Write cycle, 2-6 
Write operation signals, 3-9 

Z 

Zero registers, 3-32, 3-33 
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A 

Address buffer, 2-8 
Address counter latch, 2-8 
Address decoder, 2-8 
Address format, 3-17 
Address latch, 2-8 
Address strobe, 3-9 
Addressable registers, 3-40 
Addressing, 2-6, 2-9 

function cards, 3-14 
register, 3-30, 3-36 

Analog function cards, 3-26 
Autoranging, 4-11 

B 

Backplane, 2-4 
Backplane interface, 1-8, 2-4, 3-1, 3-14 
Backplane signal distribution, 3-22 
Backplane signals, 3-5 
Backplane wiring, 3-18 
BlF, 1-8, 2-4, 3-1, 3-14 
Bus 

MCl, 3-3 
power, 3-3 

C 

Cabling 
function cards, 3-42 
HP 25501, 4-16, 4-17 
HP 25502, 5-15 
HP 25503, 6-16 
HP 25504, 7-21, 7-22 
HP 25510, 8-12 
HP 25511, 9-20 
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HP 25513, 10-15 
HP 25514, 11-19 
HP 25516,12-22 

Card configuration register, 3-32 
Card slots, 2-8 
Card status register, 3-42 
Clock signals, 3-5 
Configurations, 1-3 
Connector pin assignments, 

HP 25501, 4-16 
HP 25502, 5-14 
HP 25503, 6-15 
HP 25504, 7-20 
HP 25510, 8-12 
HP 25511, 9-19 
HP 25513, 10-15 
HP 25514, 11-18 
HP 25516,12-22 

Controller, 2-1, 2-9 

D 

Dai sy chain, 1-8, 3-8, 3-20 
Data register, 3-32 
Description 

BIF functional, 3-14 
functional, 1-8 
HP 2104 functional, 2-4 
HP 25501, 4-1 
HP 25501 functional, 4-11 
HP 25502, 5-1 
HP 25502 functional, 5-9 
HP 25503, 6-1 
HP 25503 functional, 6-10 
HP 25504, 7-1 
HP 25504 functional, 7-11 
HP 25510, 8-1 
HP 25510 functional, 8-3 
HP 25511, 9-1 
HP 25511 functional, 9-6 
HP 25513,10-1 
HP 25513 functional, 10-6 
HP 25514, 11-1 
HP 25514 functional, 11-9 
HP 25516, 12-1 
HP 25516 functional, 12-7 
HP 25531, 14-6 
HP25533,14-11 
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HP 25535, 14-6 
HP 25537, 14-11 
HP 25539, 14-18 
HP 25540, 14-23 
HP 25543, 14-27 
HP 25544, 14-30 
HP 25545, 14-35 
HP 25594, 13-1 
HP 25594 functional, 13-5 
physical, 1-1 
SCMs, 14-1 
system, 1-2 
thermocouple reference connector, 13-1 
thermocouple reference connector functional, 13-5 
TRC, 13-1 
TRC functional, 13-5 

Digital function cards, 3-34 
Direct addressing, 2-6 
DMA, 2-6 

E 

Enable lines, 3-20 
External pacing, 2-7 
External strobe, 14-1 

F 

Function card addressing, 3-14 
Function cards, 3-20 

analog, 3-26 
cabling, 3-42 
connectors, 3-42 
digital, 3-34 
types, 1-6 

Functional description, 1-8 
8IF, 3-14 
HP 2104, 2-4 
HP 25501, 4-11 
HP 25502, 5-9 
HP 25503, 6-10 
HP 25504, 7-11 
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HP 25510, 8-3 
HP 25511, 9-6 
HP 25513, 10-6 
HP 25514, 11-9 
HP 25516, 12-7 
HP 25594, 13-5 
thermocouple reference connector, 13-5 
TRe, 13-5 

G 

Gain register, 3-30 
Global autoranging, 3-32 
Global register, 2-7 

H 

Handshaking, 2-4, 2-9 
HP 12001, 1-7,2-1 
HP 12009, 1-7,2-1 
HP 12013, 1-7, 2-1 
HP 12035, 1-7, 2-1 
HP 12070, 1-7, 2-1 
HP 12071, 1-7,2-1 
HP 2104, 1-7, 2-1 

functional description, 2-4 
HP 2250 

configurations, 1-3 
functional description, 1-8 
industrial configuration, 1-3 
mobile configuration, 1-3 
options, 1-3 
physical description, 1-1 
rack cabinet model, 1-5 
system description, 1-2 

HP 2250M, 1-3 
HP 2250N, 1-3 
HP 2250R, 1-3 
HP 2251, 1-6, 3-1 
HP 25501 

cabling, 4-16 
calibration, 4-17 
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description, 4-1 
functional description, 4-11 
pin assignments, 4-16 
register assignments, 4-13 
specifications, 4-4 

HP 25502 
cabling, 5-15 
calibration, 5-15 
description, 5-1 
functional description, 5-9 
pin assignments, 5-14 
register assignments, 5-11 
specifications, 5-3 

HP 25503 
calibration, 6-16 
description, 6-1 
functional description, 6-10 
pin assignments, 6-15 
register assignments, 6-12 
specifications, 6-4 

HP 25504 
cabling, 7-21 
calibration, 7-22 
description, 7-1 
functional description, 7-11 
pin assignments, 7-20 
register assignments, 7-17 
relay verification, 7-33 
specifications, 7-3 

HP 25510 
cabling, 8-12 
calibration, 8-12 
description, 8-1 
functional description, 8-3 
pin assignments, 8-12 
register assignments, 8-9 
specifications, 8-4 

HP 25511 
cabling, 9-20 
description, 9-1 
functional description, 9-6 
pin assignments, 9-19 
register assignments, 9-16 
specifications, 9-3 

HP 25513 
cabling, 10-16 
description, 10-1 
functional description, 10-6 
pin assignments, 10-15 
register assignments, 10-12 
specifications, 10-3 

HP 25514 
cabling, 11-19 
description, 11-1 
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functional description, 11-9 
pin assignments, 11-18 
register assignments, 11-15 
specifications, 11-3 

HP 25516 
cabling, 12-23 
description, 12-1 
functional description, 12-7 
pin assignments, 12-22 
register assignments, 12-19 
specifications, 12-3 

HP 25531, 14-6 
HP 25533, 14-11 
HP 25535, 14-6 
HP 25537, 14-11 
HP 25539, 14-18 
HP 25540, 14-23 
HP 25543, 14-27 
HP 25544, 14-30 
HP 25545, 14- 35 
HP 25594 

description, 13-1 
functional description, 13-5 
specifications, 13-4 

HP 37203, 1-7, 2-1 
HP-IB interface, 2-8 

I 

1/0 master chip, 2-7 
Industrial model, 1-3 
Initialization signal, 3-9 
Input commands, 3-13 
Interrupts, 3-17 
lOP chip, 2-8 

L 

LED indicators, 3-8 
Listener, 2-9 
Listening, 2-9 
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M 

Mapped addressing, 2-6 
Mel, 2-4 
Mel bus, 3-3 
Meu, 3-1 
MeU backplane signals, 3-5 
Measurement strobes, 3-13 

N 

NEMA, 1-3 

o 

Offset addressing, 2-6 
Open sensor detect, 3-33 
Options 

001, 1-5 
002, 1-5 
003, 1-5 
010, 1-3 
015, 1-3 
016, 1-5 
017, 1-5 

Output channel register, 8-3 
Overrange crindition, 3-33 

P 

Parity, 2-6 
PHI chip, 2-8 
Physical description, 1-1 
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Pin assignments 
HP 25501, 4-16 
HP 25502, 5-14 
HP 25503, 6-15 
HP 25504, 7-20 
HP 25510, 8-12 
HP 25511, 9-19 
HP 25513, 10-15 
HP 25514, 11-18 
HP 25516, 12-22 

Point register, 3-36 
Power bus, 3-3 
Power distribution, 3-20 
Programmable gain amplifier, 3-33 
Pulse detector, 3-5 

R 

RAM, 2-4 
Read cycle, 2-6 
Read operation signals, 3-11 
Refresh cycle, 2-6 
Register addressing, 3-30, 3-36 
Register assignments 

HP 25501, 4-13 
HP 25502, 5-11 
HP 25503, 6-12 
HP 25504, 7-17 
HP 25510, 8-9 
HP 25511, 9-16 
HP 25513, 10-12 
HP 25514, 11-15 
HP 25516, 12-19 

Registers 
256, 3-17 
addressable, 3-40 
addressing, 3-30 
card configuration, 3-32 
card ID, 3-30 
card status, 3-42 
data, 3-32 
gain, 3-30 
global, 2-7 
interrupt, 3-18 
Output channel, 8-3 
point, 3-36 
unmask, 3-18 
zero, 3-32, 3-33 
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Relay verification, 7-33 
ROM, 2-4 

S 

SCMs, 1-6 
description, 14-1 
HP 25531, 14-6 
HP 25533, 14-11 
HP 25535, 14-6 
HP 25537, 14-11 
HP 25539, 14-18 
HP 25540, 14-23 
HP 25543, 14-27 
HP 25544, 14-30 
HP 25545, 14-35 
matr ix, 14-2 
selection guide, 3-38 
summar y, 14-2 
usage example, 14-5 

Select code, 2-7 
Signal conditioning modules, 1-6 

description, 14-1 
selection guide, 3-38 
types, 1-6 

Signal distribution, 3-22 
Slots, 2-8 
Specifications 

HP 25501, 4-4 
HP 25502, 5-3 
HP 25503, 6-4 
HP 25504, 7-3 
HP 25510, 8-4 
HP 25511, 9-3 
HP 25513, 10-3 
HP 25514, 11-3 
HP 25516, 12-3 
HP 25531, 14-9 
HP 25533, 14-14 
HP 25535, 14-9 
HP 25537, 14-14 
HP 25539, 14-21 
HP 25540, 14-26 
HP 25543, 14-29 
HP 25544, 14-33 
HP 25545, 14-37 
HP 25594, 13-4 

Stack addressing, 2-6 
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Strobes, 3-13, 14-1 
System controller, 2-9 
System description, 1-2 

T 

Talker, 2-9 
Talking, 2-9 
Thermocouple,reference connector, 13-1 
Timing, 2 ... 7 
TRe, 13-1 

U 

Unmasking, 3-17 

W 

Wiring, 3-18 
Write cycle, 2-6 
Write operation signals, 3-9 

Z 

Zero registers, 3-32 ,3-33 
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SF ·021 00 ESPOO 10 Tel: (99) 51·42·44 Telex: Berkshire RG 11 5AR Prabhadevi 
Tel: (90) 455·0211 Telex: 740912F Hewlett·Packard GmbH Tel: (0734) 784774 BOII8A Y 400 025 
Telex: 121563 hewpa sf CM,CS,E,MS,P' Technisches Buro NUrnberg Telex: 847178 Tel: 46·65·55 
A,CM,CP,E,MS,P 

Hewlett·Packard France Neumeyer~trasse 90 A,C,E,M Telex: 011·4093 

FRANCE 4 Rue Thomas Mann 0·8500 NURNBERG Cable: FROSTBLUE 

Hewlett·Packard France Boile Postale 56 Tel: (0911) 56·30·83 GREECE A,CM,C,E,M 

Le Ligoures F ·67200 STRASBOURG Telex: 0623 860 Kostas Karaynnis Blue Slar LId. 
Tel: (88) 28·56·46 CM,CS,E,MS,P 8 Omirou Street 7 Hare Streel Bureau de Vente de ATHENS 133 

Abc·en·Provence Telex: 890141F Hewlett·Packard GmbH CALCUTTA 700 00 1 

Place Romee de Villeneuve CM,CS,E,MS,P' Technisches BUro MUnchen 
Tel: 32·30·303, 32·37·371 Tel: 12·01·31 

F ·13090 Alx-EN-PROVENCE Hewlett·Packard France Eschenstrasse 5 
Telex: 21 59 62 RKAR GR Telex: 021·7655 

Tel: (42) 59·41·02 20 Chemin de la Cepiere 0·8021 TAUFKIRCHEN 
E,M,P Cable: BLUESTAR 

Telex: 410770F F·31081 TOULOUSE Cedex Tel: (089) 6117·1 "Plaiso· A,M 

A,CM,CS,E,MS,P' Tel: (61) 40·11·12 Telex: 0524985 G. Gerados Blue Star LId. 
Hewlett·Packard France Telex: 531639F A,CM,CP,E,MS,P 24 Stournara Street Meenakshi Mandiram 
Boite Postale No. 503 A,CM,CS,E,P' ATHENS XXXXVlI379·2 Mahatma Gandhi 
F·25026 BESANCON Hewlett·Packard France GREAT BRITAIN Tel: 36·11· 160 Road 

28 Rue de la Republique Bureau de Vente de lille Hewlett·Packard ltd. Telex: 219492 COCHIN 682·016 
F·25000 BESANCON Immeuble Pericentre Trafalgar House P Tel: 32069 
Tel: (81) 83·16·22 Rue Van Gogh Navigation Road 

GUATEMALA Telex: 085·514 

C,M F·59650 VillENEUVE D'ASO AlTRINCHAIl 
IPESA Cable: BLUESTAR 

Hewlett·Packard France Tel: (20) 91·41·25 Chesire WA 14 lNU 
Avenida Reforma 3·48 

A' 

Bureau de Vente de lyon • Telex: 160124F Tel: (061) 928·6422 
Zona 9 81ue Slar LId. 

Chemin des Mouilles CM,CS,E,MS,P' Telex: 668068 
GUA TEMALA CITY 133 Kodambakkam High Road 

Boite Postale No. 162 
A,C.E,M 

Tel: 316627, 314786, 664715 MADRAS 600 034 
F ·69130 ECULLV CMex GERMAN FEDERAL Hewlett·Packard ltd. Telex: 4192 Tele/ro Gu Tel: 82057 
Tel: (78) 33·81·25 REPUBLIC Oakfield House, Oakfield Grove A,C,E,M,P Telex: 04 1·379 
Telex: 310617F Hewlett·Packard GmbH Clifton Cable: BLUESTAR 
A,CM,CP,E,MP Technisches BUro Berlin BRISTOL BS8 2BN HONG KONG A,M 

Hewlett·Packard France 
Keithstrasse 2·4 Tel: 36806 Hewlett·Packard Hong Kong, ltd. Blue Slar Lid. 

Immeuble France Evry 0·1000 BERLIN 30 Telex: 444302 G.P.O. Box 795 8handari House, 7/hIBIh Floors 
Tour lorraine Tel: (030) 24·90·86 P 5th Floor, Sun Hung Kai Centre 9 1 Nehru Place 
Boulevard de France Telex: 018 3405 hpbln d Hewlett·Packard ltd. 30 Harbour Road NEW DELHI 110 024 

F ·91 035 EVRY CMex 
A,CM,CS,E,X,M,P 14 Wesley Street HONG KONG Tel: 682547 

Tel: (60) 77-96·60 Hewlett·Packard GmbH CASTLEFORD Tel: 5·8323211 Telex: 03 1·2463 
Telex: 692315F Technisches BUro Btlblingen Yorkshire WF10 lAE Telex: 66678 HEWPA HX Cable: BLUESTAR 

CM,E Herrenberger Strasse 110 Tel: (0977) 550016 Cable: HP ASIA l TO Hong Kong A,CM,C,E,M 

Hewlett·Packard France o· 7030 BOBLINGEN Telex: 5557355 E,CP,P Blue Slar LId. 
5th Avenue Raymond Chanas Tel: (07031) 667·1 C Schmidl & Co. (Hong Kong) LId. 1· 1· 1 1711 Sarojini Oevi Road 
F·38320 EYBENS Telex: 07265739 bbn or 07265743 Hewlett·Packard ltd. Wing On Cenlre, 281h F/Oor SECUNDERABAD 500 033 
Tel: (76) 25·81·41 A,CM,CP.E,MP,P Fourier House Connaughl Road, C. Tel: 70126 
Telex: 980124 HP GRENOB EYBE Hewlett·Packard GmbH 257·263 High Street H()N(1KONG Telex: 0155·459 

CM,CS Technisches BUro Dusseldorf LONDON COlNEY Tel: 5·455644 Cable: BLUESTAR 

Hewlett·Packard France Emanuel·leutze·Strasse 1 Herts., Al2 1 HA Telex: 74766 SCHMX HX A,E 

BAtiment Ampere 0·4000 DUSSELDORF Tel: (0727) 24400 A,M Blue Star LId. 
Tel: (0211) 5971·1 Telex: 1·8952716 T.C. 71603 Poornima Rue de la Commune de Paris ICELAND Telex: 085/86 533 hpdd d C,E Maruthankuzhi Boite Postale 300 Elding Trading Company Inc. 

F·93153 LE BLANC IIESNIL 
A,CM,CP,E,MS,P Hewlett·Packard ltd TRlVANDRUM 695 013 

Tel: (01) 865·44·52 Hewlett·Packard GmbH Tradax House, SI. Mary's Walk Hafnarnvoli· Tryggvagotu 
Tel: 65799 

IIAIDENHEAR P.O. Box 895 
Telex: 211032F Vertriebszentrale Frankfurt 

IS·REYKJAVIK Telex: 0884·259 
CM,CP,E,MS Berner Strasse 117 Berkshire, Sl6 1ST 

Tel: 1·58·20, 1·63·03 Cable: BLUESTAR 
Postfach 560 140 Tel: (0628) 39151 E Hewlett·Packard France 
0·6000 FRANKFURT 56 E,P M 

le Montesquieu Tel: (0611) 50·04·1 Hewlett·Packard lid. INDONESIA 
Avenue du President JF Kennedy INDIA 
F·33700 IIERIGNAC Telex: 04 13249 hpHm d 308/314 Kings Road Blue Star LId. BERCA Indonesia P. T. 

Tel: (56) 34·00·84 A,CM,CP,E,MP,P READING, Berkshire Bhavdeep P.O.Box 496IJkt. 

Telex: 550105F Hewlett·Packard GmbH Tel: 61022 Stadium Road Jin. Abdul Muis 62 

CM,CP,E,MS Technisches BUro Hamburg Telex: 84·80·68 AHMEDABAD 380 014 JAKARTA 

Kapstadtring 5 CM,P Tel: 42932 Tel: 373009 
Hewlett·Packard France 

0·2000 HAIIBURG 60 Hewlett·Packard ltd. Telex: 012·234 Telex: 31146 BERSAL IA 
32 Rue lothaire 

Tel: (040) 63804·1 Quadrangle Cable: BLUEFROST Cable: BERSAL JAKARTA 
F·57000 IIETZ A,E,M,P 
T~I: (87) 65·53·50 Telex: 21 63032 hphh d 106·118 Station Road E 

CM,CS 
A,CM,CP,E,MS,P REDHllL, Surrey Blue Star LId. BEReA Indonesia P. T. 

Hewlett·Packard GmbH Tel: (0737) 68655 1 1 Magarath Road P.O. Box 1741Sby. 
Hewlett·Packard France 

Technisches BUro Hannover Telex: 947234 BANGALORE 560 025 
J.L. Kutei No. 11 

Zone d' activities de Courtaboeuf 
Am Grossmarkt 6 C,E Tel: 55668 .SUBAEE-SURABA YA 

Avenue des Tropiques 0·3000 HANNOVER 91 Telex: 0845·430 
Tel: 68172 

Boite Postale 6 Tel: (0511) 46·60·01 Cable: BLUES TAR Telex: 31146 BERSAL SO 
F·91401 ORSAY Cedex Telex: 092 3259 A,CM,C.E Cable: BERSAL ·SURABA YA 
Tel: (1) 907·78·25 A,CM,CS.E,MS,P A ',E,M,P 
Telex: 600048F 
A,CM,CP.E,MP,P 



IRAQ 
Hewlett-Packard Trading S.A. 
Mansoor City 9B/3/7 
BAGHDAD 
Tel: 551-49-73 
Telex: 2455 HEPAIRAQ IK 
CP 

IRELAND 
Hewlett-Packard Ireland Lid. 
Kestrel House 
Clanwiliiam Court 
Lower Mounl Streel 
DUBLIN 2, Erre 
Tel: 680424, 680426 
Telex: 30439 
A,C,CM,E,M,P 

Cardiac Services LId 
Kilmore Road 
Artane 
DUBLIN 5, Elfe 
Tel: (0. 1) 351820. 
Telex: 30.439 
M 

ISRAEL 
Eleclronics Engineering DiVision 
Molorola Israel LId. 
16 Kremenelski Slreel 
P.o. Box 25016 
TEL·AVIV 67899 
Tel" 38973 
Telex: 33569 Moli/IL 
Cable: BAS TEL Tel-Aviv 
A,CM,C,E,M,P 

ITALY 
Hewlett·Packard lIaliana S.p.A. 
Traversa 99C 
Giulio Petrone, 19 
1·70124 BARI 
Tel: (080) 41·07 ·44 
M 
Hewlett-Packard lIaliana S.p.A. 
Via Martin Luther King, 38/111 
1-40132 BOLOGNA 
Tel: (051) 402394 
Telex: 5'11630 
CM,CS,E,MS 

Hewlett·Packard lIaliana S.p.A, 
Via Principe Nicola 43G1C 
1·95126 CATANIA 
Tel: (095) 37-10·87 Telex: 970291 

C,P 

Hewlett·Packard lIaliana S.p,A, 
Via G, Di Vittorio 9 
1·20063 CERNUSCO SUL NAVUGLIO 
Tel: (2) 903691 
Telex: 334632 
A,CM,CP,E,MP,P 

Hewlett·Packard lIaliana S_p,A, 
Via Nuova san Rocco A 

Capodimonte, 62/A 
1·80131 NAPOLI 
Tel: (081) 7413544 
A,CM,CS,E 

Hewlett·Packard lIaliana S,p,A, 
Viale G, Modugno 33 
1·16156 GENOVAPEGLI 
Tel: (010) 68·37·07 
E,C 

Hewlett·Packard lIaliana S,p,A, 
Via Turazza 14 
1·35100 PADOVA 
Tel: (49) 664888 
Telex: 430315 
A,CM,CS,E,MS 

Hewlett·Packard Italiana S,p,A_ 
Viale C, Pavese 340 
1·00144 ROMA 
Tel: (06) 54831 
Telex: 610514 
A,CM,CS,E,MS,P' 

Hewlett-Packard lIaliana S,p,A, 
Corso Giovanni Lanza 94 
1·10133 TORINO 
Tel (011) 682245, 659308 
Telex 221079 
CM,CS,E 

JAPAN 
Yokogawa-Hewlett-Packard Lid, 
Inoue Building 
1348-3, Asahi-cho 
ATSUGI, Kanagawa 243 
Tel: (0462) 24-0451 
CM,C' ,E 

Yokogawa·Hewlett-Packard Lid. 
3-30-18 Tsuruya-cho 
Kanagawa·ku, Yokohama-Shi 
KANAGAWA,221 
Tel: (045) 312·1252 
Telex: 382·3204 YHP YOK 
CM,CS,E 

Yokogawa·Hewlett-Packard Lid, 
Sannomiya-Daiichi Seimei-Bldg, 5F 
69 Kyo·Machi Ikuta·Ku 
KOBE CITY 650 Japan 
Tel: (078) 392-4791 
G,E 
Yokogawa-Hewlett-Packard Lid, 
Kumagaya Asahi Yasoji Bldg 4F 
4·3 Chome Tsukuba 
KUMAGAYA, Saitama 360 
Tel: (0485) 24-6563 
CM,CS,E 

Yokogawa-Hewlett·Packard Lid, 
Milo Milsui Building 
4· 73, San·no·maru, l·chome 
MITO, Ibaragi 310 
Tel: (0292) 25-747U 
CM,CS,E 

Yokogawa·Hewlett-Packard Lid, 
Sumitomo Seimei Bldg, 
11-2 Shimo·sasajima·cho 
Nakamura-ku 
NAGOYA, Aichi 450 
Tel: (052) 581·1850 
CM,CS,E,MS 

Yokogawa-Hewlell·Packard Lid, 
Chuo Bldg" 4th Floor 
5-4-20 Nishinakajima, 5·chome 
Yodogawa-ku, Osaka-shi 
OSAKA,532 
Tel: (06) 304-6021 
Telex: YHPOSA 523·3624 
A,CM,CP,E,MP,P' 

Yokogawa·Hewlett·Packard Ltd, 
29·21 Takaido·Higashi 3-chome 
Suginami-ku TOKYO 168 
Tel: (03) 331·6111 
Telex: 232·2024 YHPTOK 
A,CM,CP,E,MP,P' 

JORDAN 
Mouasher Cousins Company 
P,D, Box 1387 
AMMAN 
Tel: 24907, 39907 
Telex: 21456 SABCD JD 
E,M.P 

KOREA 
Samsung Eleclronics 
4759 Singil, 6 Dong 
Young Deung Po Ku, 
SEOUL 
Tel: 8334311,8330002 
Teiex: SAMSAN 27364 
A,C,E,M,P 

SALES & SUPPORT OFFICES 

KUWAIT 
AI-Khalidya Trading & Conlracling 
p,o. Box 830. Safal 
KUWAIT 
Tel: 42·4910.,41-1726 
Telex' 2481 Areeg kt 
A,E,M 

Pholo & Cine Equipment 
p,o. Box 270 Safal 
KUWAIT 
Tel: 42-2846, 42-3BG 1 
Telex: 2247 Malin 
P 

LUXEMBOURG 
Hewlell-Packard Belgium S,A.lN. V, 
Blvd de la Woluwe, lOG 
Woluwedal 
B-12oo BRUSSELS 
Te/.' (0.2) 762-32-0.0. 
Telex' 23-494 paloben bru 
A,CM,CP,E,MP,P 

MALAYSIA 
Hewlett-Packard Sales (Malaysia) 

Sdn. Bhd. 
Suile 2.2112,22 
Bangunan Angkasa Raya 
Jalan Ampang 
KUALA LUMPUR 
Tel: 483544 
Telex: MA31011 
A,CP,E,M,P' 

Prolel Engineering 
P,D, Box 1917 
Lol319, Salak Road 
K uching, SARA WAK 
Tel: 53544 
Telex: MA 70.90.4 PRDMAL 
Cable: PRDTELENG 
A,E,M 

MEXICO 
Hewlett-Packard Mexicana, S.A, de 

C.V. 
Avenida Periferico Sur No, 6501 
Tepepan, Xochimilco 
MEXICO CITY 23, D,F, 
Tel: (905) 676-4600 
Telex: 017-74-507 
A,CP,E,MS,P 

Hewlett-Packard Mexicana, SA de 
C.V, 

Rio Volga 600 
Colonia del Valle 
MONTERREY, N.L. 
Tel: 78-42-93, 78-42-40, 78-42-41 
Telex: 038-410 
CS 

MOROCCO 
Dolbeau 
Bl rue Karalchi 
CASABLANCA 
Tel: 3041-82, 3068-38 
Telex: 230.51,22822 
E 
Gerep 
2 rue (j'Agadir 
Baile Poslale 156 
CASABLANCA 
Tel: 272093, 2720.95 
Telex: 23 739 
P 

MOZAMBIQUE 
A.N. Goncalves LId 
162, 1 ApI. 14 Av. D. Luis 
Caixa Poslal 107 
MAPUTO 
Tel: 27091, 27114 
Telex: 6-203 NEGDN Mo 
Cable: NEGDN 
A,E,M,P 

Arranged alphabetically by country 

NETHERLANDS 
Hewlett-Packard Nederland B.V, 
Van Heuven Goedhartlaan 121 
NL 1181KK AMSTELVEEN 
P,O. Box 667 
Nl 1080 AR AMSTEL VEEN 
Tel: (20) 47-20-21 
Telex: 13216 
A,CM,CP,E,MP,P 

Hewlett-Packard Nederland B.V, 
Bongerd 2 
NL 2906VK CAPPELLE, AID Ijessel 
P.O. Box 41 
NL2900 AA CAPELLE, Ijssel 
Tel (10) 51-64-44 
Telex: 21261 HEPAC NL 
A,CM,CP 

NEW ZEALAND 
Hewlett-Packard (NI) Ltd. 
169 Manukau Road 
P,O. Box 26-189 
Epsom, AUCKLAND 
Tel: 68-7159 
Cable: HEWPACK Auckland 
CM,CS,E,P' 

Hewlett-Packard (NI) Ltd, 
4-12 Cruickshank Street 
PO, Box 9443 
Kilbirnie, WELLINGTON 3 
Tel: 877-199 
Cable: HEWPACK Wellington 
CM,CP,E,P 

Northrop Instruments & Syslems 
LId. 

Eden House, 44 Khyber Pass Road 
P.O, Box 96B2 
Newmarkel, AUCKLAND 
Tel: 794-091 
A,M 

Northrop Inslrumenls & Syslems 
LId, 

Terrace House, 4 Dxford Terrace 
P,D. Box 8388 
CHRISTCHURCH 
Tel: 64-165 
A,M 

Northrop Inslruments & Syslems 
LId. 

Slurdee House 
85-87 Ghuznee Street 
P,D. Box 2406 
WELLINGTON 
Tel: 850-0.91 
Telex: NZ 3380. 
A,M 

NIGERIA 
The Eleclronics Inslrumenlations 

LId, 
N6BIS7G Dyo Road 
Dluseun House 
P,M.B.54G2 
IBADAN 
Tel: 461577 
Telex: 31231 TElL NG 
A,E,M,P 

The Electronics Instrumentalions 
LId. 

144 Agege Malar Road, Mushin 
P.D, Box 6645 
Mushin, LAGOS 
A,E,M,P 

NORTHERN IRELAND 
Cardiac Services Company 
95A Finaghy Road Soulh 
BELFAST BT 10 DBY 
Tel: (0232) 625·566 
Telex: 747626 
M 

NORWAY 
Hewlett-Packard Norge AlS 
Folke Bernadottesvei 50 
P,O, Box 3558 
N-5033 FYLLlNGSDALEN (BERGEN) 
Tel: (05) 16-55-40 
Telex: 16621 hpnas n 
CM,CS,E 

Hewlett-Packard Norge AlS 
Oestendalen 18 
P,O, Box 34 
N-13450ESTERAAS 
Tel: (02) 17-11-80 
Telex: 16621 hpnas n 
A' ,CM,CP ,E,MS,P 

OMAN 
Khimjl Ramdas 
P.o.. Box 19 
MUSCAT 
Tel: 72-22-17, 72-22-25 
Telex: 32B9 BRDKER MB MUSCAT 
P 

PAKISTAN 
Mushko & Company LId. 
10., Bazar Road 
Sector G-614 
ISLAMABAD 
Tel: 28624 
Cable: FEMUS Rawalpindi 
A,E,M 

Mushko & Company LId. 
Dosman Chambers 
Abdullah Haroon Road 
KARACHI 030.2 
Tel: 511027, 512927 
Telex: 2894 MUSHKD PW 
Cable: CDDPERA TOR Karachi 
A,E,M,P· 

PANAMA 
Eleclr6nico Balboa, SA, 
Aparlado 4929 
Panama 5 
Calle Samuel Lewis 
Edilicio "Alfa" No. 2 
CIUDAD DE PANAMA 
Canal Zone 
Tel: 64-2700 
Telex: 3480.380 
Cable: ELECTRDN Panama 
A,E,M 

Foto Inlernacional, S,A. 
P.Q. Box 2068 
Free Zone 01 Co/on 
COLON 3 
Tel: 45·2333 
Telex: 3485126 
Cable: IMPORT CDLON/Panama 
P 

PERU C6mpania Eleclro MMica 
SA. 

Los Flamencos 145, San /sidra 
Casilla 10.30 
LIMA 1 
Tel: 41-4325 
Telex: Pub. Boolh 25424 SISIDRO 
Cable: ELMEo Lima 
A,E,M 

PHILIPPINES 
The Dnline Advanced Syslems 

Corporalion 
Rico House, Amors% Cor. Herrera 

Streel 
Legaspi Village, Makali 
P.Q. Box 1510 
Melro MANILA 
Tel: 85-35·81, 85-34-91, 85-32-21 
Telex: 3274 DNLlNE 
A,C,E,M 



o 
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SALES & SUPPORT OFFICES 
Arranged alphabetically by country 

PHIUPPINES (Cont'd) Modern Electronic Establishment Hewlett·Packard Espanola S.A. SYRIA TUNISIA 
Electronic Specialists and P.O. Box 2728 Colonia Mirasierra General Electronic Inc. TIJI/isie Electronique 

Proponents Inc. RIYADH Edificlo Juban . Hurl Basha·Ahnat Ebn Kays Street 31 Avenue de fa Liberte 
690-B frJi.fanio de los Santos Tel: 62·596, 66·232 clo Cosla Brava 13, 2. P.O. Box 5781 TUNIS 

Avenue Telex: 202049 E·IlADRID 34 DAMASCUS Tel: 280·144 
CubBo, QlJEZONCITY C,E,M,P Tel: 734·8061, 734·1162 Tel: 33·24·87 E,P 
P.O. Box 2649 Manila CM,CP Telex: 112151TIKAL Corema 
Tel: 98·96·81,98·96·82,98·96·83 SCOTLAND Hewlett·Packard Espanola S.A. Cable: ELECTROBOR DAMASCUS 1 ter. Av. de Carthage 
Telex: 742·40287 Hewlett·Packard Ltd. Av Ram6n y Gajal 1·9 E TUNIS 
P Royal Bank Buildings Edificio Sevilla 1, Sawah & Co. Tel: 253·821 

Swan Sireel E·SEYIW5 Place AzmA Telex: 12319 CABAM TN 
POLAND BRECIIN, Angus, Scolland Tel: 64·44·54, 64·44·58 Baite Postale 2308 M 
Buro Inlormasji Technicznej Tel: 3101, 3102 Telex: 72933 DAMASCUS 
Hewle«·Packard CM,CS A,CIA,CS,MS,P Tel: 16·367, 19·697, 14·268 TURKEY 
UI Slawki 2, 6P Hewlett·Packard Ltd. Hewlett·Packard Espanola S.A. Telex: 11304 SA TACO SY Teknim Company Ltd. 
PLOO·950 WARSlAWA SOUTII QUEENSFERRY C/Ramon Gordillo, 1 (Enllo.3) Cable: SAWAH, DAMASCUS Riza Sah Pehievi 
Tel: 39-59·62,39-67·43 WeslLothian, EH30 9TG E·YAlENCIA 10 M Caddesi No. 7 
Telex: 812453 hepa pi GB·Scolland Tel: 361·1354, 361·1358 Kavaklkiere, ANKARA 

PORTUGAL 
Tel: (031) 3311000 CM,CS,P TAIWAN Tel: 275800 
Telex: 72682 Hewlett·Packard Far Easl Ltd. Telex: 42155 

Telectra·Empresa Tknica de A,CM,E,M SWEDEN Kaohsiung Branch E 
Equipmentos EMctricOs S.a.r.I. 

Hewlett·Packard Sverige AB 68·2, Chung Cheng 3rd Road EMA, Muhendislik KoHektif Sirketi Rua Rodrigo cia Fonseca 103· SINGAPORE Enighelsvllgen 3, Fack Shin Shin, Chu MedihaEldem P.O. Box 2531 Hewlett·Packard Singapore (Ply.) P.O. Box 20502 KAOHSIUNG Sokak 41/6 P·LISBON 1 lid. S·16120 BROMMA Tel: 24·2318, 26·3253 Yllksel Caddesi, ANKARA Tel: (19) 68·60-72 P.O. Box 58 Alexandra Posl Office Tel: (08) 730·0550 CS,E,MS,P Tel: 17·56·22 Telex: 12598 SINGAPORE, 9115 
A,C,E,P Telex: (854) 10721 MESSAGES Hewlett·Packard Far Easl Ltd. Cable: Ematrade 

61h Floor, Inchcape House Cable: MEASUREMENTS Taiwan Branch M 
Mundinter 450·452 Alexandra Road STOCKHOLM 51h Floor 
Intercambio Mundial de comerciO SINGAPORE 0511 A,CM,CP,E,MS,P 205 Tun Hwa Norlh Road UNITED ARAB EMIRATES S.a.r.l Tel: 631788 
P.O. Box 2761 Telex: HPSGSD RS 34209 Hewlett·Packard Sverige AB TAIPEI Emitac Ltd. 

Avenida Antonio Augusto de Aguiar Cable: HEWPACK, Singapore Sunnanvagen 14K Tel:(02) 751·0404 P.O. Box 1641 

138 A,CP,E,MS,P S·22226 WND Cable:HEWPACK Taipei SHARJAH 

P·LISBON Tel: (46) 13·69·79 A' ,CP,E,MS,P Tel: 354121,354123 

Tel: (19) 53·21·31, 53·21·37 SOUTH AFRICA Telex: (854) 10721 (via BROMMA Hewlett·Packard Far Easl Ltd. Telex: 68136 

TeleX;' 16691 munter p Hewlett·Packard Soulh Africa (Ply.) office) Taichung Branch E,M,P,C 

M Ltd. CM,CS #33, Cheng Yih Streel 
UNITED KINGDOM P.O. Box 120 Hewlett·Packard Sverige AS 10th Floor, Room 5 

PUERTO RICO Howard Place Vaslra Vinlergalan 9 TAICHUNG see: GREAT BRITAIN 
Hewlett·Packard Puerto Rico Pine Park Center, Forest Drive, S· 70344 OREBRO Tel: 289274 

P.O. Box 4407 Pinelands Tel: (19) 10·48·80 san Kwang Instruments Co.,' Ltd. NORTHERN IRELAND 

CAIIOUNA, Puerto Rico 00630 CAPE PROVINCE 7450 Telex: (854) 10721 (via BROMMA 20 Yung Sui Road SCOTLAND 
calle 272 Edificio 203 Tel: 53·7955, 53·7956, 53·7957 office) TAIPEI 
Urb. CO\I'ltry Club Telex: 57·0006 CM,CS Tel: 361·5446,361·5447, UNITED STATES 
RIO PIEDRAs, Puerto Rico 00924 A,CM,CS,E,MS,P Hewlett·Packard Sverige AS 361·5448 Alabama 
Tel: (809) 762·7255 Hewlett·Packard South Africa (Ply.) FrHtaHisga~n 30 Telex: 22894 SANKWANG Hewlett·Packard Co. 
Telex: 345 0514 ltd. S·42132 YASTRA-FROlUNDA Cable: SANKWANG Taipei 700 Century Park South 
A,CP P.O. Box 37066 Tel: (031) 49·09·50 A Suite 128 

QATAR 
Dverpor1 Telex: (854) 10721 (via BRDMMA 

THAILAND BtRMINGHAM, AL 35226 
DURBAN 4067 office) Tel: (205) 822·6802 

Nasser Trading & Contracting Tel: 28·4178, 28·4179, 28·4110 CM,CS,E,P UN/MESA Co. Ltd. CM,CS,MP 
P.O. BOx 1563 CM,CS Elcom Research Building 
DOHA SWITZERLAND 2538 Sukhumvit Ave. Hewlett·Packard Co. 

Tel: 22170 Hewlett·Packard South Africa (Ply.) 
Hewlett·Packard (Schweiz) AG Bangchak, BANGKOK P.O. Box 4207 

Telex: 4439 NASSER ltd. 
Ciarastrasse 12 Tel: 393·2387, 393·0338 8290 Whitesburg Drive, S.E. 

M oaphny Street 
CH·4058 BASlE Telex: TH81160, 82938, 81038 HUNTSVIllE, AL 35802 

Scilecharabia 
Private Bag Wendywood 

Tel: (61) 33·59·20 Cable: UN/MESA Bangkok Tel: (205) 881·4591 
SANOTON 2144 CM,CP,E,M' 

P.O. Box 2750 Tel: 802·5111, 802·5125 A,CM A,E,M 

!'DOHA Telex: 89·84782 Hewlett·Packard (Schweiz) AG Bangkok Business Equipment Ltd. Alaska 
Tel: 329515 Cable: HEWPACK Johamesburg 47 Avenue Blanc 515·6 Dejo ROad Hewlett·Packard Co. 
Telex: 4806 CMPARB A,CM,CP ,E,MS,P CH·1202 GENEVA BANGKOK 1577 "C' Street, Su~e 252 
P Tel: (022) 32·30·05, 32·48·00 Tel: 234·8670, 234·8671, ANCHORAGE, AK 99510 

SPAIN CM,CP 234·8672 Tel: (206) 454·3971 
ROMANIA HewIett·Packard Espallola S.A. Hewlett·Packard (Schweiz) AG 

Cable: BUSJ()UIPT Bangkok CM,CS" 
Hewle«·Packard Reprezenlanla cJEntenza, 321 29 Chemin Chateau Bloc P Arizona Boulevard Nicolae 8a/ceSCIJ 16 E·BARCELONA 29 CH·1219LE llGNON·Geneva Hewlett·Packard Co. IIIIClJIIESTI Tel: (3) 322·24·51,321-7-3·54 Tel: (022) 96·03·22 

TRINIDAD & TOBAGO 
2336 East Magnolia Street Tel: 130725 CARTEL 

Telex: 10440 
Telex: 52603 hpbee Telex: 27333 hpag ch Caribbean Telecoms Ltd. PHOENIX, AZ 85034 
A,CM,CP,E,MS,P Cable: HEWPACKAG Geneva P.D. Box 732 Tel: (602) 273·8000 

SAUDI ARABIA Hewlett·Packard Espanola S.A. A,CM,E,MS,P 50/A Jerningham Avenue A,CM,CP,E,MS 

Modem Electronic Establishmerll c/San VlCeI1te SIN Hewlett·Packard (Schweiz) AG PORT-()F-BPAIN Hewlett·Packard Co. 
P.O. Box 193 Edificio Albia H,7 B Z~cherstrasse 20 Tel: 624·4213, 624·4214 2424 East Aragon Road 
AL-ICHOBAR E·BIlBAO 1 AUmend 2 A,E,M,P TUCSON, AZ. 85702 
Tel: 44·678, 44·813 Tel: (944) 423·8306, 423·8206 CH·8967 WIDEN Tel: (602) 889·4631 
Telex: 670136 A,CM,E,MS Tel: (57) 50·111 CM,CS,E,MS' , 
Cable: ELECTA AL·KHOBAR Hewlett·Packard Espallola S.A. Telex: 59933 hpag ch 

Arkansas 
C,E,M,P Gale Jerez 3 Cable: HPAG CH 

Hewlett·Packard Co. 
Modem Electronic Establishmerll E·MADRID 16 A,CIA,CP ,E,MS,P 

P.O. Box 5646 
P. O. Box 1228, 8aghdadiah Street Tel: 458·2600 Brady Station 
JEDDAI/ Telex: 23515 hpe UTTLE ROCK, AR 72215 
Tel: 27·798 A,CM,E,MP,P Tel: (501) 376·1844, (501) 
Telex: 401035 664·8773 
CBbIe: ELECTA EDDAH CIA,MS 
C,E,M,P 



SALES & SUPPORT OFFICES 
Arranged alphabetically by country 

UNITED STATES (Cont'd) Hewlell·Packard Co. Kansas Nebraska North Carolina 

California P.O. Box 13910 Hewlell·Packard Co. Hewlell·Packard Hewlell·Packard Co. 

Hewlell·Packard Co. 6177 lake Ellenor Drive 514 South Westview 7101 Mercy Road P.O. Box 15579 

7621 Canoga Avenue ORLANDO, Fl 32809 P.O. Box 159 Suite 101, IBX Building 2905 Guess Road (27705) 

CANOGA PARK, CA 91304 
Tel: (305) 859-2900 DERBY, KA 67037 OMAHA, NE 68106 DURHAII, NC 27704 

Tel: (213) 702-8300 A,CM,CP,E,MS Tel: (316) 265-5200 Tel: (402) 392-0948 Tel: (919) 471-8466 

A,CIA,CP,E,P Hewlell·Packard Co. CM,CS CM,MS C,M 

Hewlell·Packard Co. 
6425 N. Pensacola Blvd. Kentucky Nevada Hewlell·Packard Co. 

1579 W. Shaw Avenue Suite 4, BUilding 1 Hewlell·Packard Co. Hewlell·Packard Co. 5605 Roanne Way 

FRESNO, CA 93771 PENSACOLA, Fl 32575 10170 linn Station Road Suite 0-130 GREENSBORO, NC 27409 

T et: (209) 224-0582 Tel: (904) 476-8422 Suite 525 5030 Paradise Blvd. Tel: (919) 852-1800 

CIA,IAS 
A,CM,IAS lOUISVillE, KY 40223 LAS VEGAS, NV 89119 A,CM,CP,E,MS 

HewleH-Packard Co. Hewlell·Packard Co. Tel: (502) 426-0100 Tel: (702) 736-6610 Ohio 
1430 East Orangethorpe 110 South Hoover, Suite 120 A,CM,CS,MS CM,MS" Hewlell·Packard Co. 
FUU!RTON,CA92631 Vanguard Bldg. 

Louisiana New Jersey 9920 Carver Road 
TAIIPA, Fl33609 Tel: (714) 870-1000 
Tel: (813) 872-0900 Hewlell·Packard Co. Hewlell·Packard Co. CINCINNATI, OH 45242 

CIA,CP,E,IAP 
A' ,CM,CS,E',M' P.O. Box 1449 Crystal Brook Professional Building Tel: (513) 891-9870 

HewleH-Packard Co. 3229 Williams Boulevard Route 35 CM,CP,MS 

5400 W. Rosecrans Boulevard Georgia KENNER, lA 70062 EATONTOWN, NJ 07724 Hewlell·Packard Co. 
lOS ANGELES, CA 90260 Hewlell·Packard Co. Tel: (504) 443-6201 Tel: (201) 542-1384 16500 Sprague Road 
Tel: (213) 970-7500 P.O. Box 105005 A,CIA,CS,E,MS A',CM,C',E',P' CLEVELAND, OH 44130 
CIA,CP,IAP , 2000 South Park Place Maryland Hewlell·Packard Co. Tel: (216) 243-7300 

Wtwlell-Packard Co. ATLANTA, GA 30339 
Hewlett·Packard Co. W 120 Century Road Telex: 810·423-9430 

3939lankershim Blvd. 
Tel: (404) 955-1500 

7121 Standard Drive PARAIIUS, NJ 07652 A,CM,CP,E,MS 

NORTH HOllYWOOO, CA 91604 
T etex: 810-766-4890 HANOVER, MD 21076 Tel: (201) 265-5000 Hewlell·Packard Co. 

Tet: (213) 877-1282 
A,CIA,CP,E,MP Tel: (301) 796-7700 A,CM,CP,E,MP 962 Crupper Ave. 

regional headquarlers Hewlell·Packard Co. A,CM,CP,E,MS Hewlett·Packard Co. COLUIIBUS, OH 43229 

Hewlett·Packard Co. 
Execulive Park Suite 306 Hewlett·Packard Co. 60 New England Avenue Wesl Tel: (614) 436-1041 

3200 Hillview Avenue 
P.O. Box 816 2 Choke Cherry Road PISCATAWAY, NJ 08854 CM,CP,E' 

PALO ALTO, CA 94304 AUGUSTA, GA 30907 ROCKVILLE, MD 20850 Tel: (201) 981-1199 Hewlett·Packard Co. 
Tet: (415) 857-8000 Tel: (404) 736-0592 Tel: (301) 948-6370 A,CM,CP,E 330 Progress Rd. 

CIA,IAS 
CIA,CP,E Telex: 710-828-9685 New Mexico 

DAYTON, OH 45449 

Hewlett-Packard Co. 
Hewlett·Packard Co. A,CIA,CP,E,IAP Hewlett·Packard Co. Tel: (513) 859-8202 

646 W. North Market Boulevard 
P.O. Box 2103 

P.O. Box 11634 
A,CM,CP,E' ,MS 

1172 N. Davis Drive Massachusetts 
SAClWlENTO, CA 95834 

WARNER ROBINS, GA 31098 Hewlett·Packard Co. 11300 lomas Blvd.,N.E. Oklahoma 
Tel: (916) 929-'7222 Tel: (912) 922-0449 32 Hartwell Avenue ALBUQUERQUE, NM 87123 Hewlett·Packard Co. 
A' ,CIA,CP,E,IAS 

CM,E LEXINGTON, MA 02173 Tel: (505) 292-1330 P.O. Box 366 

Hewlell·Packard Co. Tel: (617) 861-8960 Telex: 910-989-1185 1503 W. Gore Blvd., Suile #2 

9606 Aero Drive Hawaii A,CM,CP,E,MP CM,CP,E,MS LAWTON, OK 73502 

P.O. Box 23333 Hewtell·Packard Co. New York Tel: (405) 248-4248 

SAIl DEGO, CA 92123 Kawaiahao Plaza, Suile 190 Michigan C 
Tel: (714) 279-3200 567 South King Sireel Hewlell·Packard Co. Hewlett·Packard Co. 

23855 Research Drive 5 Computer Drive South Hewlett·Packard Co. 
CIA,CP,E,IAP HONOLULU, HI 96813 

Tel: (808) 526-1555 FARIlINGTON HillS, 1.11 48024 ALBANY, NY 12205 P.O. Box 32008 

Hewlett·Packard Co. A,CM,CS,E,IAS Tel: (313) 476-6400 Tel: (518) 458-1550 304 N. Meridan Avenue, Suile A 

3003 Scoll Boulevard A,CM,CP,E,MP Telex: 710-444-4691 OKLAHOIIA CITY, OK 73107 

SANTA ClARA, CA 95050 Idaho Hewlett·Packard Co. 
A,CM,CS,E,MS Tel: (405) 946-9499 

Tel: (408) 988-7000 HewleH·Packard Co. A' ,CM,CP,E',MS 

A,CIA,CP ,E,IAP 11311 Chinden Boulevard 
4326 Cascade Road S.E. Hewlell·Packard Co. 
GRAND RAPIDS, MI 49506 9600 Main Sireet Hewlell·Packard Co. 

Hewlett·Packard Co. BOISE, 10 83707 Tel: (616) 957-1970 CLARENCE, NY 14031 Suile 121 

454 Carlton Court Tel: (208) 376-6000 CIA,CS,MS Tel: (716) 759-8621 9920 E. 42nd Street 

SO. SAN fIIWICISCO, CA 94080 CIA,CS,IA' Telex: 710-523-1893 TULSA, OK 74145 

Tel: (415) 877-0772 IIIlnola 
Minnesota Hewlell·Packard Co. Tel: (918) 665-3300 

CIA,CP Hewlett·Packard Co. 
Hewlell·Packard Co. 200 Cross Keys Office A",CM,CS,M' 

Colorado 211 Prospect Road 
2025 W. larpenleur Ave. 

FAIRPORT, NY 14450 Oregon ST. PAUL, MN 55113 
Hewlett·Packard Co. BLOOIIINGTON, Il 61701 Tel: (612) 644-1100 Tel: (716) 223-9950 Hewlell·Packard Co. 
24 Inverness Place, East Tet: (309) 663-0383 A,CIA,CP,E,MP Telex: 510-253-0092 1500 Valley River Drive, Suile 330 

ENGLEWOOO, CO 80112 CM,CS,MS" CM,CP,E,MS EUGENE, OR 97401 

Tel: (303) 771-3455 Hewlell·Packard Co. Mlaslsslppl Hewlell·Packard Co. Tel: (503) 683-8075 

A,CIA,CP,E,IAS 1100 31s1 Streel Hewlell·Packilrd Co. No. 1 Pennsylvania Plaza C 

Connecticut 
DOWNERS GROVE, Il 60515 P.O. Box 5028 55th Floor Hewlell·Packard Co. 

Hewlett·Packard Co. 
Tel: (312) 960-5760 322 N. lAarl Plaza 341h Sireet & 8th Avenue 9255 S. W. Pioneer Courl 

47 Barnes InciJstrial Road South 
CM,CP JACKSON, lAS 39216 NEW YORK, NY 10119 WILSONVILLE, OR 97070 

P.O. Box 5007 Hewlell·Packard Co. 
Tel: (601) 982-9363 Tel: (212) 971-0800 Tel: (503) 682-8000 

WAWNGFORD, CT 06492 5201 ToHview Drive 
CM,MS CM,CP,E',M' A,CM,CP,E',MS 

Tel: (203) 265-7801 ROWNG IlEADOWS, Il 60008 Mlasourl Hewlell·Packard Co. Pennaylvanla 
A,CIA,CP,E,IAS Tel: (312) 255-9800 Hewlett·Packard Co. 5858 Easl Molloy Road Hewlell·Packard Co. 

Florida 
A,CM,CP,E,IAP 11131 Colorado Avenue SYRACUSE NY 13211 1021 81h Avenue 

Hewlett·Packard Co. Indiana 
KANSAS CITY, MO 64137 Tel: (315) 455-2486 King of Prussia Induslrial Park 

P.O. Box 24210 Hewlell·Packard Co. 
Tel: (816) 763-8000 A,CM,CS,E,MS KING OF PRUSSIA, PA 19406 

2727 N.W. 8200 Streel P.O. Box 50807 
Telex: 910-771-2087 Hewlell·Packard Co. Tel: (215) 265-~000 

FORT LAllDElIIAlE, Fl 33309 7301 No. Shadeland Avenue 
A,CM,CS,E,IAS 3 Crossways Park West Telex: 510-660-2670 

Tel: (305) 973-2600 INDIANAPOLIS, IN 46250 Hewlett·Packard Co. WOODBURY, NY 11797, A,CIA,CP,E,MP 

CIA,CP ,E,IAP Tel: (317) 842-1000 1024 Execulive Parkway Tel: (516) 921'0300 Hewlett·Packard Co. 

Hewlett·Packard Co. A,CIA,CS,E,IAS ST, LOUIS, MO 63141 Telex: 510-221-2183 111 Zela Drive 

4080 Woodcock Drive, #132 Iowa 
Tel: (314) 878-0200 A,CM,CP,E,MS PITTSBURGH, PA t5238 

Brownett BUIldIng Hewlett·Packard Co. 
A,CM,CP,E,IAP Tel: (412) 7112-0400 

JACKSOIIVUE, Fl 32207 2415 Heinz Road 
A,CM,CP,E,IAP 

Tet: (904) 398-0663 IOWA CITY, IA 52240 
C1A,C' ,E' ,lAS' , Tel: (319) 351-1020 

CIA,CS,E' ,MS 



SALES & SUPPORT OFFICES 
Arranged alphabetically by country 

UNITED STATES (Cont'd) Hewlett-Packard Co. Hewlett-Packard Co. Guillermo Kraft del Uruguay S.A. EUROPEAN AREAS NOT . 

South Carolina 5020 Mark IV Parkway P.O. Box 12778 Avda. Libertador Brig. GraI. LlSTED,CONTACT 
Hewlett-Packard Co. FORT WORTH, TX 76106 5700 Thurslon Avenue LavaHeja 2083 Hewlett-Packard S.A. 

P.O. Box 6442 
Tel: (817) 625-6361 Suite 111 MONTEVIDEO 7 Rue du Bois-du-Lan 

6941-0 N. Trenholm Road 
CM,C' VIRGINIA BEACH, VA 23455 Tm:234588,234808,208830 CH-1217 IIEYRIN 2, Switzerland 

COLUIiBlA, SC 29260 Hewlett-Packard Co. Tel: (804) 460-2471 Telex: 6245 ACTOUR UY Tel: (022) 83-81-11 

Tel: (803) 782-6493 P.O. Box 42816 CM,CS,MS P Telex: 27835 hpse 

CM,CS,E,MS 10535 Harwin Street Wa.hlngton Cable: HEWPACKSAGeneve 

Hewlett-Packard Co. 
HOUSTON, TX 77036 Hewlett-Packard CO. 

U.S.S.R. 

814 Wade Hampton Blvd. Tel: (713) 776-6400 15815 S.E. 37th Street 
Hewlett-Packard Co. EAST EUROPEAN AREAS 

Suite 10 
A,CM,CP,E,MP BELLEVUE, WA 98006 

Representative Office NOT LISTED, 

GREENVILLE, SC 29609 Hewlett-Packard Co. Tel: (206) 643-4000 
Pokrovsky Blvd. 4/17 KV12 CONTACT 
IIOSCOW 101000 

Tel: (803) 232-0917 3309 67th Street A,CM,CP,E,MP Tel: 294-2024 
Hewlett-Packard Ges.m.b.h. 

C Suite 24 Hewlett-Packard Co. Telex: 7825 HEWPACK SU 
Wehlistrasse 29 

LUBBOCK, TX 79413 Suite A 
P.O. Box 7 

T.nn ••••• Tel: (806) 799-4472 708 North Argonne Road 
A-I205 vtENNA 

Hewlett-Packard Co. M 
VENEZUELA Tel: (222) 35-16-210 

P.O. Box 32490 SPOKANE, WA 99206 Hewlett-Packard de Venezuela C.A. Telex: 1358231135066 
224 Peters Road 

Hewlett-Packard Co. Tel: (509) 922-7000 Apartado 50933 

Suite 102 
P.O. Box 1270 CM,CS 3A Transversal Los Ruices Norte MEDITERRANEAN AND 

KNOXVtLLE, TN 37922 
930 E. CampbeH Rd. W •• t Virginia Edificio Segre 2Y3 MIDDLE EAST AREAS RtCHARDSON, TX 75081 CARACAS 1071 

Tel: (615) 691-2371 Tel: (214) 231-6101 Hewlett-Packard Co. Tel: 239-4133, 239-4777, NOT LISTED, 
A',CM,MS A,CM,CP,E,MP 4604 MacCorkle Ave., S.E. 

239-4244 CONTACT 
Hewlett-Packard Co. Hewlett-Packard Co. 

CHARLESTON, WV 25304 Telex: 25146 HEWPACK Hewleti-Packard S.A. 
3070 Directors Row 

205 BiHy Mitchell Road 
Tel: (304) 925-0492 

Cable: HEWPACK Caracas Mediterranean & Middle Easl 
IlEIiPHIS, TN 38131 

SAN ANTONtO, TX 78226 
A,CM,MS 

A,CP,E,MS,P Operations 
Tel: (901) 346-8370 Tel: (512) 434-8241 Wi.con.ln 35, Kolokotroni Street 
A,CM,CS,MS 

CM,CS,E,MS Hewlett-Packard CO. YUGOSLAVIA Platia kelallariou 
Hewlett-Packard Co. 150 S. Sunny Slope Road Iskra-Commerce-Representalion of GR-Kifissia, ATHENS, Greece 

Suite 103 Utah BROOKFIELD, WI 53005 Hewlell-Packard Tel: 808-0359, 808-0429 
478 Craighead Street Hewlett-Packard Co. Tel: (414) 784-8800 Sava Centar Delegacija 30 Telex: 21-6588 
NASHVtLLE, TN 37204 3530 W. 2100 South Street A,CM,CS,E',MP Milentija Popovica 9 Cable: HEWPACKSA ,Athens 

Tel: (615) 383-9136 SALT LAKE CtTY, UT 84119 11170 BEOGRAO 
CM,MS" Tel: (801) 974-1700 URUGUAY Tm: 638-762 INTERNATIONAL AREAS 

T.xa. 
A,CM,CP,E,MS Pablo Ferrando S.A.C. e./. Telex: 12042, 12322 YU SAV Cf,,! .NOT LISTED, 

Hewlett-Packard Co. Virginia Avenida Italia 2877 Iskra-Commerce-Represen/ation of CONTACT 

Suite 310W Hewlett-Packard Co. CasiHa de Correa 370 Hewlell-Packard Hewlett-Packard Co. 

7800 Shoalcreek Blvd. P.O. Box 9669 MONTEVIDEO Koprska 46 Intercontinental Headquarters 

AUSTIN, TX 78757 2914 Hungary Spring Road Tel: 403102 61000 LJUBLJANA 3495 Deer Creek Road 

Tel: (512) 459-3143 RICHIIOND, VA 23228 Telex: 90 1 Public Booth Para Pablo Tel: 321674, 315879 PALO ALTO, CA 94304 

CM,E Tel: (804) 285-3431 Ferrando 919520 Telex: Tel: (415) 857-1501 

A,CM,CP,E,MS Cable: RADIUM Montevideo Telex: 034-8300 
Hewlett-Packard Co. A,f,M Cable: HEWPACK 
Suite C-ll0 Hewlett-Packard Co. 

4171 North Mesa P.O. Box 4786 
EL PASO, TX 79902 3110 Peters Creek Road, N.W. 
Tel: (915) 533-3555 ROANOKE, VA 24015 

CM,CS,E' ,MS" Tel: (703) 922-7000 
CM,CS,E" 

01/20/81 




