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. Introduction

The heart of the 1506 is a powerful 6809 based
micro-computer, utilizing high precision (10 digit), high
level software (BASIC), to measure resistance and
calculate temperature with high resolution and speed.
The 1506 can simultaneously communicate with other
computers in a high level protocol.

One or two sensors may be used. The dual sensor
feature is useful in measuring the difference between
two temperatures. To match the instrument’s specifica-
tions, ultra stable calibrated RTD or thermistor sensors
should be used. Besides the RTD and thermistor sen-
sors, any resistive device can be connected to the
sensor input, and its resistance be precisely measured.
The sensors are connected to the instrument via a
preferred 4-wire connection.,

% Ratiometric, Auto-zeroing

An integrating, auto-zeroing, ratiometric technique
is used to accurately compare sensor resistance to
temperature-insensitive standard resistors.

An AC input bridge eliminates undesirable ther-
mocouple effects, while phase-lock to a power-line
subharmonic rejects hum.

Modei 1506
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14 Easy Instrumentation

Interfacing

Measurements displayed on the front panel are
also sent to the optional RS232 port, and to the IEEE-
488 buss. '

Commands and programming may be entered in
identical formats through any of the three interfaces:

- keypad, IEEE-488, or RS232. Some commands are

not available through the IEEE buss.

An analog output provides a 0 to +1.020 volt signal
to binding posts suitable for strip chart recorders, etc.
The analog output switch (zoom) provides selection of
scaling factors for conversion to the analog output
signal.

These are just some areas in which the Model
1506 can be useful:

* Metrology Labs

* Delta-T Measurements

* Calibration Tool

* Process Control

* Secondary Temperature Standard

* Digital Ohmmeter

* Temperature Monitoring and Control
¢ Calorimetry

* Thermodynamic Studies

* Standards Labs
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Operation

| Operation

Easy Selection Of
Information

3
=

The MODE switch selects for
display the following functions:

* The measure of either of two sensors (T or T2).

* The difference between measures T1 or T2(T4-
Ta).

* The minimum or maximum (Tmin, Tmax) of func-
tions Ty, Tz, or Ty-T2. '

* The spread (difference between maximum and
minimum) of functions T1, Tz, or T1-Ta.

* Reinitialization or clearing (Tewr) of the maxima
or minima. '

The SCALE switch selects the
following units of measure:

* Celsius temperature (C)

* Kelvin temperature (K)

¢ Fahrenheit temperature (F)
* Rankin temperature (R)

* Ohms resistance (Q)

The RESOLUTION switch selects
the following measurement
time-base intervals:

* One second (1)

* Five seconds (5)

¢ Ten seconds (10)

* One hundred seconds (100)
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The ANALOG output switch
selects the analog output scale

The analog output is useful in measuring stability
of a constant temperature. The output is measured in
units/volt.. For example, if the units chosen were
degrees C then pressing “.1" would set the analog
output scale to 0.1°C/V. The range of the analog output
is from 0.00V to approximately 1.02 V. The “CENTER”
button is used to bring the analog output to the center
of its range. So, if the current reading were 25.6789°C
and the “CENTER” button is pressed, then .501 V at
the output is set to be 25.6789°C. Subsequently press-
ing the “.1” scale button will then set the output range
from 25.6289°C to 25.7289°C at .1°C/V. To use the
analog output press the “CENTER” button and wait for

MODE SWITCHES

SCALE SWITCHES

RESOLUTION SWITCHES

Figure 2-1 Front panel switch functions
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two sample periods. The length of time for this is
determined by the sample time selected. Then press
one of the analog output scale buttons (10-0.1). The
last reading prior to selecting the “CENTER" button
becomes the center of the analog output range and
does not change when selecting any of the analog
output scale buttons. If the “CENTER” button is
pressed again, the new reading will become the center
of the analog output.

| Optional Sliding Average

The display can be programmed to show the slid-
ing, (or “running”) average of the last “N” contiguous
readings. This is simply the average of the last “N”
samples, if “N" samples have beentaken. (lf fewerthan
“N” points have been taken, then the display is the
average of as many points as have been received, and
will be suffixed by a “”.) Individual “N's” are user
selectable, one for each of the four measurement time
bases. N ranges from 1 to 10.

?%%ém . Choices Of Information

Presentation
* 10-character vacuum-florescent alphanumeric

display provides an easy to read display of
measurements and scale.

Model 1506

Operation

* |EEE-488 standard buss. (Optional)
¢ RS-232 serial. (Optional)

* Query of 1506 command settings may be made
via the IEEE or RS232 interfaces.

A flow diagram of a simple IEEE - interface pro-

gram for remote control of the Model 1506 is given in

the back of this manual.

. Non-volatile Calibration

The “pop down” keypad allows programming of the
calibration constants for a specific sensor, to obtain
high system accuracy over its range. The display al-
lows visual feedback when programming the con-
stants.

Either Platinum (RTD) or Thermistor Resistance-
Temperature equation coefficients are programmed
into the 1506 for each sensor. .

These calibration constants, with other program-

ming, are stored in battery backed-up memory, and -

remain stored until changed.

The 1506 can be remotely programmed over any
of the three interfaces: keypad; IEEE; or, RS232. Some
restrictions apply to the IEEE buss.
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Programming

SR
SRER

| Detailed Keypad/Display
Editing

The keypad is used to edit the calibration
parameters, while the display prompts and provides
feedback. The keypad is stored out of the way on the
bottom panel of the 1506, until popped-down with a 1/4
turn thumbscrew. :

Editing is entered by depressing “E”. Afterward, the
E key specifies the exponent in scientific number nota-
tion. Each stored parameter will then be displayed, in
turn, for examination and/or change. The name and
value of the first parameter will be shown onthe display,
followed by a “?". The value is changed by simply
keying inthe new value. Mistakes are erased using the
“«" key. If the present value is acceptable, no new
value is keyed. In either case, the edit of the parameter
is finished by depressing the “Enter” (also called the
“Return” key). There will be a slight pause after a
parameter has been changed while the new value is
stored in honvolatile memory.

Because the display has a limited number of digits,
some parameters may be too lengthy to show all at
once. In such cases, the first 10 characters will first be
displayed, and depressing any key will only cause the
balance of the prompt to appear. After the “?" shows,
keystrokes are accepted as editing.

The parameters’ names, ranges, and meanings
are summarized in order as follows:
IEEE (0)=7?

(IEEE-488 bus address. Range is 0to 31.)

BAUD (19200)=?

(RS232 port BAUD rate. Range is 110 to 19200
BAUD.)

N-AVG1=10.?
(1 second sample time reading number for sliding
average.
Range 110 10.) -
N-AVG2=10?
(5 second sample time reading number for sliding

average.
Range 1to 10.)
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N-AVG3=10?
(10 second sample time reading number for sliding
average.
Range 110 10.)
N-AVG4=107?
(100 Second sample time reading number for slid-
ing average.
Range 1 to 10.)
T-1, P-2=(1)?
(First sensor R-T equation type. Enter a “1” for
Thermistor or a “2" for Platinum.)
A1.02219473E-03
(First sensor equation coefficient “A”.)

B2.56238388E-04
(First sensor equation coefficient “B".)

C1.31622802E-06
(First sensor equation coefficient “C".)

D1.4537444E-07
(First sensor equation coefficient “D".)

E1.618033989E-08

(First sensor equation coefficient “E”, This is not
displayed nor editable for thermistor sensors.)

T-1, P-2=(1)?
(Second probe R-T equation type. “1” for Thermis-
tor, “2” for Platinum, just as for the first sensor.)

“(Hevre the equation coefficients for the “ second
sensor are entered.)

&«

E1.618033989E-08

(Second sensor equation coefficient “E”. This is not
displayed nor editable for Thermistor sensors.)

_ Press Enter

(Here the 1506 requests that ENTER be keyed. All
of the normal user parameters have now beeri edited.
By pressing “E” instead of ENTER, the parameters that
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Programming

Figure 3-1 Key Pad Access
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Programming

are normally set at the factory are entered, upon which
the instrument’s accuracy depends.)

' Edit Ended

(Is displayed until the first new reading has been
taken.)

During editing, the display is sent to all three inter-
faces

(keypad/display, IEEE, RS232); and entries are
accepted from the keypad or RS232.

o :

__ Remote Programming
Commands

Single-character commands from the |EEE bus or
the RS232 interface can be used instead of the front
panel, for remote programming or querying. Entering a
“I" during measurement period aborts the current
measurement.

The command mode is entered by keying “B", and
is completed with a carriage-return. All commands are
single-character. Upper-case commands set modes of
operation, while lower-case letters are queries. Alist of
the commands and queries is given below by alpha
numerical order, and by group. (Blank descriptions
show unused command codes.) Temperature readings
are suspended in the command mode until a RETURN
is entered.

* The following are control commands:
!

110

21

3.1 (Analog Qutput)

4 .01

5 CENTER

6

mw > © o N

i miiiton
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C Celsius scale

D Delta-t (T1-T2)

E

F Fahrenheit scale

G Unlock the Front Panel Switches
H Lock the Front Panel Switches

| One second resolution

J

K Kelvin scale

L One hundred seconds resolution

- M mode “Tmax”

N mode “Tmin”

O Ohms scale

P Present mode (not Max, Min or Spread)
Q

R Rankin scale

S Spread (max-min) mode

T T1 mode

U T2 mode

V Five seconds resolution

w

X Ten seconds resolution

Y .

Z Clear {reset Max, Min, or Spread) mode holds

“» The following are query commands, and return

the present status of the instrument program-
ming. (A single character is returned in reply to
each query. The returned character is that
upper-case command character that would be
used to set the instrument to its present state.
For example, if the instrument’s scale is Celsius,
the response to an “s" query would be the letter,
“C” because “C” is the command that sets the
instrument into scale Celsius.):

a Ahalog zoom (returns 1 through 5)
b
c

Model 1506




e

f

g

h Mode Hold (Present, Min, Max, Spread)
i

j

3

| Front Panel Lock Status

m Mode (T1, T2, or T1-T2)

n

0

P

q
r Resolution

s Scale -
.

X g < c

-~

z “clear” flag activity (TRUE, FALSE)

NOTE: The query commands are unavailable using the
IEEE buss.

* Functional Group Listings:
 m- “mode” switch settings:
TT1

uT2

DT1-T2

h- “mode” holds:

Model 1506

Programming

P present (no holdings)

N minimum

M maximum

S spread (max-min)

Z clear, or “reset” per present reading
s- “scale” switch settings:

C Celsius

K Kelvin

F Fahrenheit

R Rankin

O Ohms

r- “resolution” switch settings:

| one second

V five seconds

X ten seconds

L one hundred seconds

a- “analog” zoom switch settings:
11

2.1

3 .01

4 .001

5 center

I- “front panel lock-out” status

G unlock (-ed)

H lock (-ed)

Example of remote programming line:
BPDCX1H

-Sets Present display of differential temperature
(T1-T2) in degrees Celsius, at five-second intervals,
with minimal analog zoom, and locks-out the front
panel (prevents manual interference with remote data
acquisition.)
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Sensor Connections

The sensor connections are made through jacks
on the rear panel. Pins 1 and 3 carry current. Pins 2
and 4 transmit voltage. For proper polarity, pin 1 is
joined at the sensor to pin 2, and pin 3 is joined to pin
4,

m——— ————
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. Sensor Connections

Figure 4-1 Sensor Connection
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Sensor Connections

TEMPERATURE IEEE-488
INPUTS

\EEHRERHARRE )

PROBE 1

ANALOG QUTPUT RS232

IR

N 0000000000000
(@) (@) @l&oooooooooooo]

=/ S/

HART SCIENTIFIC
PLEASANT GROVE, UTAH

MODEL: 1506
SERIAL No.: 012345

POWER/RESET

e

~waid

Model 1506

Figure 4-2 Rear Panel
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Specifications

Specifications

Range: PRT-18010 650 C
Thermistor -10 to 110 C
Sensors: PRT 100 to 1000 Ohms at0 C
Thermistor 100 to 100K Ohms at25C
Resolution: 0.001Cto 0.00001 C all scales
Repeatability: +0.005°C
Temperature Coefficient: +0.0001°C/C
Ambient Operating Temperature: | 10 to 40°C

System Acduracy (-50 to 250°C):

Probe Typical Guaranteed
CP-10 +0.015C +0.030C
CP-Pt +0.020 C +0.040 C

Weight: 20 pounds -
Size: 11"W x 6"H x 15"D
Power: 105-125 VAC

Reslistance-Temperature Tech-
nique for PRT & Thermistor

T=A+ BR+ C[R+ DIR®] + HRY
1
T

~"A+ BLNR+ CILNRP + DILNRT

Page 10
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RS232C Serial Interface: Interface for Program-
ming, querying, and output. EIA standard voltage
levels. Eight bit characters, no parity, one stop bit.
Standard 128-character ASCII set (upper and lower
case). BAUD rates programmable to 19200. Standard
female DB-25S connector. Pins:

2- Received Data (To the 1506).

3- Transmitted Data (From the 1506).

4- Clear to Send input (Open or + if unused).
5- Data Terminal Ready output.

7- Signal Ground.

Model 1506

RS$232C Serial Interface

| RS232C Interface

| Connections between IBM
Compatible Computer and
1506 Thermometer

Computer With DB25 Serial Connector

1506
DB25 Connector
Pins
RX 2
TX3

Signal Ground 7

Computer
DB25 Connector
Pins

2TX

3 RX

7 Signal Ground
5CTs *~

6 DSR

20 DTR

Computer With DB9 Serial Connector

1506
DB25 Connector
Pins
TX3
RX 2

Signal Ground 7

NOTE: Be sure to jumper DTR, DSR and CTS together
at the computer connection; otherwise, the computer

Computer
DB9 Connector
Pins

2 RX

3TX

5 Signal Ground
4 DTR

6 DSR

8 CTS

may not receive data from the 1506 thermometer.
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Hart Scientific RS-232/Curve Fit Program Disk

Program Disk

The HART disk contains two types of programs:
curve fit programs and RS-232 computer/Model 1506
interface programs. GWBASIC.EXE must be available
to run the RS232.BAS program. Instructions for run-
ning this program will appear on the screen when the
program is executed. ’

HART SCIENTIFIC
PROBE CURVE FIT PROGRAM

The curve fit program has two commands PTL and
THM to fit resistance and temperature to Platinum and
Thermistor probes.

To use these two programs you must first create a
data file with the following information:

Number of points

resistance in ohms for Point #1
degrees Celsius for Point #1
resistance on ohms for Point #2
degrees Celsius for Point #2
(repeat for each of the points)

Page 12

|

' Hart Scientific RS-232/Curve Fit

lowest temperature
highest temperature
temperature increment
serial number for probe

The file called PT111.5IN is an example of what
this file should look iike.

To create this file use the DOS COPY CON: com-
mand (see your MS/PC- DOS manual for instructions)
or a pure ASCI! word processor (such as Word Star in
non-document mode).

To print the values to the printer, enter the following
command:

PTL “ilename” (platinum)
THM “filename” (thermistor)

If you want to display the values to the screen only,
use the following command:

PLAT “filename” (platinum)
THERM “filename” (thermistor)

Model 1508
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Certification of Resistance Accuracy

w Certification of Resistance Accuracy

Model 1506 Micro-Thermometer

Serial No. -
The following calibraiton values were observed and are traceable to NIST (National Institute for Standards
and Technology). :
Standard Resistance Actual Measured Error
L&N 1009 (Stnd1)
Vishay 200Q (Stnd1)
Vishay 1KQ (Stnd2)
Vishay 2KQ (Stnd2)
Vishay 10KQ {Stnd3)

The standard resistances observations were made by comparison with: Schiumberger Solartron Prébision
DMM - Model: 7801 S/N: 000259, NIST test number 241233.

Model 1506
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} Calibration Values

Calibration Values

Calibration Constants Offset Values
Standard #1 / 1 Sec.
Standard #2 ; 5 Sec.
Standard #3 10 Sec.
Standard #4 N/A 100 Sec.

CAUTION: The above values are used to calibrate your 1506 thermometer. Do not change these values
while in the edit mode for this will change the calibration of the instrument. Refer to Appendix A
“Calibration Procedure” for detalls. ‘

Approved by Date:
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Temperature reads incorrectly or when 1506 is
powered up it always comes up with IEEE on the
display. This is usually caused by a power line failure
or power line “glitch”. To correct this problem, get into
the edit mode by using the keypad that is on the bottom
of the 1506. This is done by depressing the “E” button.
Step through the program to be certain that the probe
coefficients and probe type (thermistor or platinum) are
correct. See Section 3 for a detailed procedure for
doing this. Follow this procedure up to, but not includ-
ing, “press enter” statement. Instead of pressing
“ENTER” press the letter “E”. This will get you into the
“second edit routine” where the calibration values

Model 1506

Trouble Shooting

Trouble Shooting

reside for the 1506. For detailed instructions, refer to
the calibration procedure in this manual. Be sure to
heed the warning in the calibration procedure. Check
both the resistance standards and offset values that
are in Section 9. If they are incorrect, enter the correct
values. If your 1506 always comes up in the edit mode
when the unit is turned on, when you see “Test=0",
change this value to a “1”, then push “ENTER” to get
out of the edit mode. Get back to the “test=1" and
change this value back to “0”. Turn the unit off, then
back on again. The 1506 should now be reading the
correct temperature. If not, call the customer service
department at Hart Scientific.
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Appendix A

Calibration Procedure

HART SCIENTIFIC
CALIBRATION PROCEDURE FOR
1506 (1006) DIGITAL THERMOMETER

This document explains how to calibrate the 1506
digital thermometer. Calibration consists of entering
three standard resistors values, and four zero-offset
values. These values are unique to every 1506 ther-
mometer and determine the accuracy of measurement.

To calibrate the 1506 we first must put the 1506 in
the test mode and have the RS232 hooked up. To do
this we need to go into the edit mode, and while we are

inthe edit mode it is a good time to explain further some

of the commands.

It should be noted that before a value can be
changed a question mark “?" must first be displayed at
the end of the value being changed.

To get into the edit mode you must enter an upper
case “E"., This can be entered from the keypad, or from
the terminal hooked up on the RS232. The first item
that appears on the screen and the display of the 1506
is the IEEE 488 address location.

The next item is N-AVG 1 through 4 (sliding
average) for each sample time.

The next item is “T-1,P-2=(1.)?". This is to signify
if probe 1 is a thermistor or a platinum probe. The
number if the brackets is the way the probe is currently
set. As shown, this probe would be a thermistor. If the
probe is to be changed, then entera“1”ora ‘2", and a
RETURN (ENTER).

A note about probes. A thermistor has four con-
stants, and a platinum probe has five.

The next item is something like “STD#3. 20000 5",
This won't be the same as it is for your 1506 (see
section 9 for your values), but it is similar. The above
example shows that the standard resistor is number 3
and its value is 20000.5 ohms. Standard resistor
choices are:

Standard #1 is close to 200 ohms.
Standard #2 is close to 2000 ohms.

Page 16

Standard #3 is close to 20000 ohms.

These values are all set at the factory at the time
of calibration, and the actual value of the resistor
should not have to be changed. Later it will be ex-
plained how these numbers are derived. It should be
noted that the 1506 does not have auto ranging. To
change standards it must be done at the keypad or at
the terminal. Each standard has a range of accurately
measuring resistance. The 200 ohm standard is most
accurate from 0 ochms to 100 ohms, the 2000 ohm
standard is most accurate from 100 ohms {o 1000
ohms, and the 20000 ohm standard is most accurate
from 1000 ohms to 10000 ohms. So, with this informa-
tion and the range of resistance of the probe, a choice
can be made for which standard to use.

The next itemis “A”. This is the first constant of the
probe that is on the probe sheet.

The next item is “B”. This is the second constant of
the probe that is on the probe sheet.

The next item is “C”. This is the third constant of
the probe that is on the probe sheet.

The next item is “D”. This is the fourth constant of
the probe that is on the probe sheet. -

If a platinum probe is to be used, then there will be
another constant displayed. Inother words, if the T-1,P-
2 is set to. a “2”, then it will prompt you for this fifth
constant “E”, which will be on the platinum probe sheet.

Ten digits plus exponent is the maximum number
of digits that can be entered from the probe constants.

The next five items will be a repeat of the last five
items only these will be for probe 2 (six items if it is to
be a platinum probe). The items apply the same as they
did for probe 1.

The screen and the display will show “PRESS
ENTER” after the last constant for the probe has been
entered. If at this point “ENTER" is pressed, the 1506
will proceed to start taking resistance or temperature
measurements. This is the general way that the edit
mode is ended. If the standard resistance values are
to be changed, you must proceed further into the edit
process. To do this, instead of “ENTER”, another upper
case “E" must be entered, either by the keypad or the
keyboard.

Model 1506
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WARNING: Any change from this point on can

~ ¢change the values given for the standard resistors,

and the zero-offset. This will change the way the
1506 operates and the accuracy of the resistance
readings taken.

The first item that comes up after entering the
secondary edit mode is the value for Standard #1,
given as “200.001=STD 17", This shows that Standard
#1 has the value of 200.001 ohms. To change this
value, enter the new value after the question mark and
press return. This is the same for all four standard
resistor constants. At present, we are not using the
200000 ohm standard, which has not been calibrated.

After the standards, the next item involved setting
the resistance standard for a thermistor probe for Ty,
INPUT #1 1T- STD=3. (The value for standard “3" is
displayed after pressing "ENTER?"). Standard 3 is typi-
cally used for a thermistor probe.

The next item involves setting the resistance
standard for a platinum probe for Ty, INPUT 1P-STD=1.
(The value for standard “1" is displayed after pressing
"ENTER"). Use standard 1 for a 100Q platinum probe
and standard 2 for a 500Q platinum probe.

After setting the standards for T; input the process
is repeated for Tz input.

After the standard resistors, there are four offset
values, one for each sample time. This offset value will
be explained later.

The last item in the edit mode is called test. Chang-
ing this mode allows the 1506 to output to the terminal,
either the readings on the display, or the entire calibra-
tion readings. When the 1506 is in the normal operating
mode, test=0. In this mode, what is printed to the
terminal from panel display is also printed to the ter-
minal. To calibrate the 1506, test must be set to “1”.
This then prints to the terminal a variety of items, such

Appendix A
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as standard frequency, zero frequency, unknown fre-
quency, raw ohms, etc. :

The 1506 uses a ratiometric technique to allow for
a more accurate resistance measurement. The follow
formula is used:

SF-zf  uf-zf-Q
sr ~  ur

Where:

stis the standard frequency seenas s= on terminal
zt is the zero frequency seen as z= on terminal

uf is the unknown frequency seen as U on terminal
0is the zero-offset (different value for each sample
time)

sris the standard resistance

ur is the unknown resistance

When the 1506 test=1, then the terminal screen
will look something like Figure 11-1:

This type of output is printed to the screen each
time a reading is taken, at the sample time specified.
These values are the ones that are used in the formula
above, where “s” is the standard frequency, “z" is the

zero frequency, and “U" is the unknown fréequency. The

other values that are displayed are as foliows:

Resolution- is the sample time that the 1506 is set
to. For example:

1 is 1 second scale

2 is 5 second scale

3 is 10 second scale
4 is 100 second scale

RAW ohms- is the value of the unknown resistance
if the zero- offset “0” is left out of the above formula.

unknwnval- is the unknown frequency “U” minus .

the zero-offset, so that the new formula would be:

St-zf _ uft-zf
sr ~ ur

unknwnval=532342. .

5=1064365. z=185, U=532342. resolution=3 RAW ohms=100.005591
Hz, ohms=100.000705 100.00071 Analog=.100000705

Figure 11-1 Terminal Screen

Nodel 1506
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Appendix A

The unknown frequency “ufl” is “uf - 0. This offset
will be different for each sample time. The zero-offset
is to allow for the difference between the internal resis-
tance on the analog board and external resistance.
This difference is shown by shorting the probe connec-
tor on the 1506 with a shorting plug, and then looking
atthe difference in the zero frequency and the unknown
frequency.

ohms- (on the same line as the unknwnval) is the
resistance reading, and the same value that is printed
to the front display if the 1506 is reading in ohms.

The next line is what is printed to the front panel of
the 1506. If in the “C" mode (Celsius), then the vaiue
on this line is the computed Celsius temperature value
of the resistance on the the above line. If the 1506 is in
the ohms mode, then this line will be the truncated
value of the above line.

The last fine on the output to the terminal is the
analog output. This number is the voltage that will be
on the analog output on the rear panel. The range of
this voltage is from 0 to 1 volt. (see section 2.1.4)

Calibration

To calibrate the 1506 at least four standard resis-
tors will be needed, and their resistance known to
.001%. These four values should be 10, 100, 1000,
10000 ohms.

The values that need to be calibrated on the 1506
are: . ' ,

standard #1 the 200 ohm standard
standard #2 the 2000 ohm standard
standard #3 the 20,000 ohm standard
0-offset #1 the offset onthe 1 sec. range
0-offset #2 the offset on the 5 sec. range
0-offset #3 the offset on the 10 sec. range
0-offset #4 the offset on the 100 sec. range.

Each of these values affect all the others, so that
if one is changed, then it could mean that all the values
will need to be changed.

The way in which we are presently doing our
calibration is as follows: The 1506 is set to standard #2
“2000 ohms”. It does not matter what this value is at
this time. The sample time is set to 100 seconds. First,
a 1000 ohm resistor is plugged into the rear panel and

Page 18

the standard frequency, zero frequency, and the un-
known frequency are taken and recorded. Next a 100
ohm resistor is plugged into the rear panel, and these
readings taken and recorded. These readings are at
the high end and low end range of the 2k ohm standard,
where best accuracy is achieved. Then, solving the
equations for the two unknowns (zero-offset “0” and
standard resistor “sr*) using the two equations we
derive the 2k ohm standard and the zero-offset for the
100 second sample time. This procedure is repeated
forthe 200 ohm and the 20,000 ohm standards.

The calculated value of the zero-offset will be
different for each standard. Though they will be dif-
ferent, they should be close to the same value. Since
there is only one zero-offset for each sample time, the
zero-offset that is entered into the 1506 is only to be
used on one standard range, it should be closest to
offset in that range.

" After the offset for the 100 second range is final-
ized, the standards can then be recomputed by solving
the equation above for the standard resistor “sr”.

"Once the standard resistors are known, the 0-of-
fset on the other sample times can be found, using the
equation and solving for the zero- offset “0". This should
be done with the sample time set and getting, a reading
on each standard resistor. These offsets should be
compared to see that all will be in the same range for
the three standards.

Anote should be made about the readings that are
output to the terminal. These readings take a while to
settle when changing from one standard to another, to
a different sample time, or changing the unknown
value. Also, there will be some small drift in the read-
ings themselves, so a sample of several readings
should be taken and an average should be done. An
example would be, the sample time is 100 seconds,
the standard is 1999.93 ohms (this is the 2k standard),
and we are trying to find the 0-offset value for the 10
second sample time. We perform our calculation on
several 0-offset samples, which might be:

29 28 29 26 32 27 28 29 30

The average of these numbers would be 28.6, so
the value to be used for the 0-offset on the 2k standard
and the 100 second sample time, would be 29. If the
average using the 10 second sample time on the 200
ohm scale were 27, and the 20,000 scale were 30, then
the average of all three standards would be 28.7, so
either 28 or 29 would be used for the final value on the
100 second sample time. :

Model 1506




After all seven of the values to be calibrated have
been entered into the memory, then resistors with
known values are checked to see if the resistance
reading accuracy is linear from the low end to the high
end of that range.

The 1506 should be run for some time and checked
againto see if it has drifted from the accuracy it started
with. Also, the keypad should be checked to see if it is
functional, and that Probe one measures the same as
Probe two. If there is a difference between the two
probes, it may mean that the 1506 might need to be

“Model 1506

Appendix A

run longer to burn in, or there may be a problem with
the analog board. e

Before shipping the 1508, the constants for the
probes to be used with it need to be entered, and the
entire unit needs to be checked against one of the
in-house standard probes for accuracy in temperature
measurement. The edit mode needs to be entered
again, and test=1 changed to test=0 so that it is no
longer printing everything to the terminal. Also, before
the 1506 is shipped, it should be set to the proper
standard and constants for the type of probe being
shipped with it.

Page 19




Appendix B

Appendix B

Schematics

Page 20 Model 1506




D) Tesr
O._nv.z,ﬂ !
I [
+ 10V P WY —l/l—
| U _V
. " . 1 N./
115V, AC |_|J o . o +5v T a |< L T8V SovrcE
ot 7Y A CEEE] e P - ¢
== 5000.F == 33uf A
1 S 2|
—_ v hl.lo;—r _\_
- 2AN
iZ2 |l

L
[Tl

1 6@ He

o3 415V i 7'_

Lot
£y 1
~F
7815 A_:V _
co _l_ll_ c4 _ ‘
L (oouF |—| A.?ﬂ m 2 /_ 6o He
i . 71 £15v 20UR
Lo .
o |
A4
|
|

w_m.L)r

L.

neC-Y-is
cs 3 .
1 . - . Ll_lm. _gtm]r ||—_.M+qtm Ao
b o = L7955 | P.v_
: ~15v. (SN
|
L o e o -

PIN' #| ORIENTATION
= TYPICAL —

CONTRACT NO.

hart scientific

APPROVAL DATE <D. e

[PPWN pee [3occe] DiGITAL THERMOMETER

CHECKEDp ,\ y Is.3.32 PoweRrR SvuepLy _OUP

DESIGN . -
SIZE] FSCMNO. JDWG. NO. AE .

ENGINEER 2 | Boo9-21507 £

RELEASE SCALE: — [sHEET 1 OF |




5

540 1 Eux.m_ —— :37Y0S

3sv3iay

9052 - 6009 <@

HIINIONI

34 ‘ON 'OMG] "ONWOSd {3ZIS

NDIS3C

2001

a3XQ3HD

kg, 124

9Ny NMVYHQ

¥I1IWOWNIHL VL9

LOSr8 HVL 'ONAOHd

TYAOUddY

31va

"ON 1OVHINQD

oynuajos ey

( nawn \. ikl

aN-9 4| b

A {

£

A

Cva)—Jasfus

@D |

(Lasav )} —{m

m
()

KE
4
]

ASH

@I | i

pg| bT

e

gz 21

14544
1A4N1A

?@?@?@???

Bl

l.___
-
<
B
N[

AS+

NOISNVJXY 5Ng
Nid g, 2.0

a
2
>

IINVI.
¥yI  No
g3iNhoW

IR
A8

21

W= Tl

I

m

Lawv

o §

™ W
"
™

~

m
-
x
=Y

z.
) |£
of.
. L
o

M
!
]
: ¥
«
-
.‘g
™

=

{
= ‘.l' l
3

(aaszy)

I
_Al —— LSy
% W At

1 -

YA

A

il

WA
-
>

bLya9
-£h

wx S

\QI‘.II\ a0

2af—"
RN T] SEE————
rn|||||\
safs—
saf—"1
_E1|,|I.\

S

142 poromun
Y
WY ﬂ\ll/
LM ST
whTTTT
v T
SV
by .ﬂll/
oy .mn_lulu/

Iy H|—||/

L

Tee

W

8¢

“she

$s3dadY

dis

SEDAA Aes
¥

1d¥




( AHVH
1x3 @
13 @

Lk |
0

COPO-DFFF
ABOP-BFFF
8P0g-FFF
6@oP-7FFF
Y0d9- SRR
2P0F-3FFF
90ED- L FFF

Aroress Bus  AI2-AQ

Dara Bus Dr-Dg

v

@,

Ve flap 7-0f anr or-or]l . [ineas pw Ni-Ag DF-PY] an-Ag 0708 1% An-ag 0704 Al-49  D7-pp
ver - . | Aaar ere] @
FoR uq us Ue )l uy 3,1 us @1 usq ! uig 2) yzz
iy 29} 2 ] 29 75 asl ¢ /Tln.mm & B i
ce vrrs -lmfa..\ ver 7ex vrer Fom ey _ P we TR vre @ . _
% +fy |poy OE WE ;3 GE WE| (5y [ROY 0 WE{ 5y |mov G Wi 4p [P0 s wE] . RDY 5 WE IreY o wE
u .H. N ENIES EE I H. 1[22]27 .—| 22]27 1122]27) »_l 22z [ 22] 27
Rort ai. A Rom” [ wom
AN - . . M ” )
15K . an . §. ;.. s..
v [ [ _ _ _
MRDY }

(247
uL 2_ 3

=090 7e 70 0 e

Vee

— =

foy we <€ ©OF

uzz
2186

RAM

GND

Nzy 1818131514

. : z@ .
: A ) oo _ 15 o0 y Y) 3
@v ru ﬁ o T (o
nn 24 271 10 [ 1 ».3?;: .u \/w 3
<.< 2 w | VPr/RDY ‘I ,ﬂ W mm d
4]
2764 20y ROM-RAM us-uig
us hart scientific
u_..__-m. :J.-u: S A? : =, : A3 A1 Al Ag GAD «uzv APPROVAL e PROVO, UTAH 84801
1 3 w & 15 1 B, T3 - —
DRA -
k @ e e @ & & W aks | e[ DIGITAL THERMOMETER
A _C - CHECKED 1006
PN --_- U DESIGN
_<r.......w®. SIZE] FSCMNO. [DWG. NO. . RE
oLl T j] ENGINEER . .78
' CONLY 0n Y9 and 1000 B BooO9 - 2506
Digital Thew rmometer RELEASE SCALE: - —m:mﬂ TOFE




ASH

S40¢ 13ams] - ~—~ 30§ I ~ %ﬁ_%
nos2 -600d = WIINIONT _ e . .
A3H ‘oNomal "ONWOS4 |3zs a1 | @O pEg——L() ¥ v
NoIsag @—id—@9 is- .
- 200! _ D——laltil—@
. . aaNoIHY Dol @
Kuhu_\/_gzmuln—. l_<;_._®_g 49,124 XY NMVYHG A“Tl[ :m_lllA”v
aLvag VAOHdIdY Oz im0)
LOSr8  HVYAN 'OAOEd 3 ] ()
. n
U.C.::Qmom whm: "ON LOVHINOD ﬂ @.@Lﬂ »I@M =
> ) 53: T © __N 3 i) . ; o.zo W1007N3
SN san0 eov=6D) L 1% wolx A¥VOBATY
9 3 [ Tl .
Vi) - sv-® IN=gg|+tho imp—® _HMM - (D= ook
T w_ ¢ v II.“ &) s £.1ho o3 ¥ wsomu G+l ::Hl@ NEIRITE
Y e R D 2ing $9)| Lo 1NOYd vl
421 [ x et T —— . )
Resooampad k<) =
i 2 2;1*1 B)
@ 2  esisSikd e . :...
@a_ : Iuﬂ 9 : i T Ke—® 1INV
O...l 3 "N 5 p L gab— 1 /;lleﬂ*n m2.|ll._A_|..ll® ANOYd
. - Ej 1 ko a a :
: w - €9 ol |~z ik ©)
_ 5% -
] ~——s¢
- Ll P . et m:ﬂ® 8bihN|
¥alngy 4 M.n'l\ ' = 12F e e 0N
YIWLL 4 30 Mx
. p L ; v
. b T 72 CREINTY S0y 03v09 u
| _~sng viva . a
@ " 58m.mr.2< safs . . . i V1d nﬂﬂé
zn ] sng vivd ....I.:h“ N #vh— oM
. " la T ££ TS ON
l.l@.@ = [ELY] u|@ VIw [17] .Ml@
oL
Mle . i) $vS Ll s . 1353y)— 1352y Eﬁl@ "
e A rr B L 22 ® = tva |- N
22
N1k oun ® Aol i R 2X |q|1H_H||_| . @'»N 51 wab—G)
= 3 1134 = .
: ) f I3 TS 2x D:_Er H 17 3 eoJL :&MI@
. N : 81> :
Ao s o ¥ l.||L|||M_m . Couny— R —)
dwu g2-2¢ .\N_ ] _. _md _r« _- .
54




- Sy
ﬁ 18] _
: Ye ;
, _ — > = R mCR >
£ . : _|.WY .mw X2 ¢ Mlo . " "
I i > X3
P | = | et S PR e
v . . -
. J S 217 encooert () R s LT
1 2 ¥ U _U 3 2 Picrz v>_l~.@ tfos DA J6 zrn
8 9 A B8 .I_x @l 9 rs s t s CONVERTER ANALOG OUTPUT
'Aﬁ’.ﬁV [ g 4 ot '._n | —A04 h s . T
- : GNP K 1 e
ol e~ . . MMM nm = DATA BUs | ——(P3 Yeur ,_M >0
. J4 8N o = : 1Y ==
. KEYBOARD CONECTOR Py - 2 L> >0
< SiF | ——]?! x_nw i o
Hor i PosTs AT
: REAR PANEL
. R GND OND
.l%.m< ~&— -w— 12
: cLk
n 7 9 ”
T4 an CLR (LK Fi — . =
Tia IRQ
| ; 35
96 A R S ey
SERIAL 1/0 : o L
SERIAL1/0
g e
2 ! ] : Mnmh o7fT |
BIA our ) " ,
@.l’.@ A N .
p7 pstt— | PATA Bus S .
3 . by 113 - .
S 7
<&H 4] o I
29
AM_ 5 D2
2
DI . e
/_ e ] CONTRACTNO. hart scientific
e PROVO, UTAH 84601
3 APPROVAL DATE _
- [P v DIGITAL THERMOMETER
= “[crEcKED 1006
, DESIGN
| SIZE] FSCMNO. Jowa.NoO, REV.
ENGINEER & BoOY - 2506
RELEASE - SCALE: — i [sheer 4 oF s

Em——— e [ PR P -




1 40 | i33mws _ 03 3wos S NOWLYDNdSY
SO0l - 600g ) HSINI L NOagasn | Assv paw
. HITMONI
‘A3Y ‘oNoma | ‘onwoss |3zis SHYNS TIV 3A0W3Y 001
NDIS30 ‘83903 Xvaud
ASSY F8vD 262 S 9200] PR HSINGD HOYI
* S31ONY
12225528 (108) (20 AN o o =
Loove 08) . Iva - IVAOUIIY SIONVHITIOL
amv © DNWMYHO ITYDS LON 0d
HViN ‘OAOHd -ON LOvHINOD GIIOI4S ISUAIHLO SSTINN
SIHONI N1 3V SNOISNIMa

LSIT S14Vd HO vIHI LYW

NOLLYDIHID3dS VIHILYN — NOILJIHOS3Q HO FUNLVIONINON | ON ONIAIINIGL HO 1HVd _ 'ON WOS4 Q.Cmm— ON

ALD

LEN]

31va__ | WAOHddY |

ra ]

NOLLJIHOS3Q

Jun

SNOISIAIY |

QUOQE00000000 o)
0090Q0000000

o}




Jampad for  Thermemet or

Mczogs

LI T . . ‘
(%3 < & . \
E I v} A—.;.\. S 33K dv j .
H_v, ._l 20 24 ) il ag] 4B MM
—_— ey vos _.a.umm " 2 < = nOE
o n e ) poet 13 % 3 quu .
: 200 5 j2L 3 Gt 24 Hos
" ione m sl L3 W sy S ] Loer
Wiy W e k! <l 0] __0>42
4 a3 2 < — | 3) 2
Wy = G O sne
8 |par ReRj22 U4 <F—c> 1 O xin
Tloee MCBYDEP e |12 ] =1l 1o neo
- ¢l " L]
iy ﬁ iy
Hlpsa yaj2t U R =X
2855 . [ F
2] brana, ] 8] il 2
e YT LI .
: 3 <=} '0 v
“ — :‘ _HO »a
nl_ ~ 1 0 be
o ) uu.lvﬂ " .ﬂd
;0 be
1 [y L X (0 ko1
. h : ! 3] ﬁu DAY
T riiv = i
" ] \
g pEvary {1 bac
J,M.PM - —y PHAG ira ur
. ) 1 ._ neygpy [P
onets T .
) \ e . N
EXED - KBSP - —— — Il_u
: ol
[ - ula Dy c.,._n e "y
T\bll " 1 pasty Tie
, : N AL
T | ,ni. Q
[}
J o UGS —L T
Sama b | e lm R V GV AL
ta o .._ L—u.o%r_ - a_rl
B ary :
R 4 VTN i sp
A I i ot
e
£ i (]
ono P

L

CONTRAGT NO.. wu hart sclentific
- PROVO, UTAH 84801
APPROVAL DATE - i
DRAWN py g 2-Feb 84 Hmmm @Cm OOZ‘_.WD—.—.WW
CHECKED 1006 ¢ 9000 :
IGESIGN WG, HO. RE\
o ‘ [Ercineen €ogi- tLroY PT




1972 - 400D

«3.64-.4 axvg MU...:.)Z..U QOG_

T e s e - * N . e N ..
w««ﬁ.nsn ——em‘ o %% *.-q-umﬁ- h-... ) ‘.“M.,m: Ay 1..:.4...»5 b Sy e AT .we.‘ e
r<5 “Dhoda. .$..mm hﬂw I A ; .

A B .MM h .u 1
007°¢ 01 F1nam:JRE
n.. X RN aaatﬁj}l*. 4.4:.\ e oy

R T A PO -

N e Lot
L IR

3l

1
B !

WA ey 2y EARRAI ALY REpe
“ ]

!.,.. «_. @

4 5.4

.. ﬁ 1«0

@ nsia ~Ss S
’& F I 5] . Eld i3

of 4. N4

L4 ouuo .t .
L I B +4 "
. oo g ‘
Y ‘a: o ot - .
a9y - sl .
..-A:i..v o oo .
s : .

PR
L]

! ®

WIavI wrwag 022

e a00s 00005

00000 S® GoOe

NOH/NVH ¢

TViSAED
® w4

B5es

4
1 GO
(-]
aa
a®
L]

Semt oMy
vl Xle
ovivm
<
L Debprpity
L] 2422

@ ' oo.ooo T i oz

{0000 Al u fco ﬁ fﬁﬁﬁﬁ 1o Y m
ﬂ’ ) . WAV drvag G d o® TTEEITATIIAIT YT ¥ ®

. T T v"

N




) - A Yo
A L et e . m— . ~ ;
. i i LS I
. c32  Caa c33 ) . ‘ . -
. .)ﬂ AW... J5 ) <N y
§Jkﬂ - X6 Hy, - . -
MW | | " m 1Y @ . [B¢ i v J.wu.
nn. U26000060 usgoee b o !
T4CL1O07 RerF o2 W ' v ’ ,ﬁ
: wl'ﬂ.m_ : 1 .
L PPt o R . SN
ca . : e, O[%}e cuet o2fd xéﬁm m . . Jz_ !
ue 5000000000 ¢ m&.:.... o I . Jo Jg Y Ll
T ;
N 74C314 _ 8:._..- m d TP § SolE “ m
ot Ve
8 n_mo ° : . : - SR
ONmO (=12 000K F 460 . - R I e
. .
. ° NOTE:
° OOOOOOOODO . Losaoeo. in Hovae 7
- ue e T4C374 & CC = Carmenn Camnr 574 MK
° - : . D« i%MF
c20 9 . . E » .17 M.F.

(]
c2 ‘ .
UMW_W ﬂohﬂ’ﬁ _ coo “E o . ’ ” I B : L e
hd ) IR Y
a-a %1 90000000000000 o o
o

22O SYEIL HeabeXR

o nON@
4 s0R
VoLl =yg!
s . 50

»ﬁm@ 156

ADTI®O0T.

H I

.Mlo

RE2

c:o..o En‘..o uizd 009 yad 000 U160 890

wm

R219 - -[lovF) -
¢ R19O — [> -3¢

® R2: FRT 8
A%NA‘ )

REJ v

. - Cdg2 R230 1.
| ~Ea-o35 B8 e
¢ 'S X
Q - [jrw ' -
[ ] + —
.- 00l oot .mm.gﬂ.n‘.. [ “ )
‘ LoasED 1N .r.,.:a Loane s 1w thoy . *
~ Al - ’
!
CONTRACY KO PROVO, UTAH
84801
APFAGUAL bars (801) 378-7221
=172 DY
. CHECKED 1006 AnaLbg Loaping
. DEBIGN
PPN .. PENQ- | DM M e miamen, i § BEM,
R s f i o] ! T T N n I B B ..im. LopR=2L02 - i...mL




—— -2
R | ~ v revr
9] 20s2-¢coa K _ wimeny
A o Lol e TIREFCTY
- Lo
- ool
. - _ L
AN T i pen
LORTE v OADOY & e T
olIuapds uey ouzveinos] e e T E
v
’ »sey
M t1reqe
! .
' { T
3 ! - d £
M . S ——— adild .
. ) l[jﬂll,r i iy
N " I S L Ml et =t
P i T viree . o A )
In_® o AT b S Ml
mﬂial “ T o ™ I Rl -
! -4 » 1 3 b
ia i . . =" -
o LEOFL fo— - i
! oy L. " f— ™ ~F  —®
‘a “ - — Iiv +—&
. i e Ve i
s '
'
'
"
: re— D
Yurm '
Rl Ry oDl
13 r‘*‘Tt ~ fM\T y—LFD A >——y
. .
y HED> Dy, "
! N
p—1—uv ||
ft
et gifwdelel el
o 7
- R —tef— o I
.
= I — —— “he el s
R £ e I e R
o o | T [ o s .
. 1, B 447 BN
O | " . '
llumwvuﬂ-.(lll « e (YIZYR s £ : i
T — v | . ;
i —o !
D> o8
u—ul[:*HV".I/ : H n
A ; 1 wcamanm
24 a1 DU B H
s
! o ! e
L4 ' o = RIS ;
" 2 & . (o9
' 110 1 { s ; : i
, ’ il d s prd H ~ " wes:puvey
). ¥, ¢ 3
' o 5 ..u g H " i
L £ . g _
' IS d ow b [ \H T iy 3 h—‘\! - 1
L. po 4 e >
" vt M?_ :-w.a?r.a b " - q \w .\-J 1..4. " d m ' _
—— G sn 3
5 e &n . [
“ s . B i fw prom B r.—I“ ﬂnx/u."lﬁ
N - A4 - e ﬂ « 3T 1~ —ﬂ.l.—.l. i
' R ey . 1 N
! , ol T T rHHE _llnw
“ a4 i o il i
[} ' i
” gk [ B
0 ) " v "
1 MV v Y T [r 7 H Vot
., f <0l et @ !
] P o B . W 3
TTHIITYT T3o%8 trrdirmrever Inord wrriadNdeat | v * - --ia
s T eI vy t St - T ‘
ShoniA iy




