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STATEMENT OF WARRANTY

Ludlum Measurements, Inc. warrants the products covered in this manual to be free of
defects due to workmanship, material, and design for a period of twelve months from the
date of delivery. The calibration of a product is warranted to be within its specified
accuracy limits at the time of shipment. In the event of instrument failure, notify Ludlum
Measurements to determine if repair, recalibration, or replacement is required.

This warranty excludes the replacement of photomultiplier tubes, G-M and proportional
tubes, and scintillation crystals which are broken due to excessive physical abuse or used
for purposes other than intended.

There are no warranties, express or implied, including without limitation any implied
warranty of merchantability or fitness, which extend beyond the description of the face
there of. If the product does not perform as warranted herein, purchaser’s sole remedy
shall be repair or replacement, at the option of Ludlum Measurements. In no event will
Ludlum Measurements be liable for damages, lost revenue, lost wages, or any other
incidental or consequential damages, arising from the purchase, use, or inability to use
product.

RETURN OF GOODS TO MANUFACTURER

If equipment needs to be returned to Ludlum Measurements, Inc. for repair or calibration, please send to
the address below. All shipments should include documentation containing return shipping address,
customer name, telephone number, description of service requested, and all other necessary
information. Your cooperation will expedite the return of your equipment.

LUDLUM MEASUREMENTS, INC.
ATTN: REPAIR DEPARTMENT
501 OAK STREET
SWEETWATER, TX 79556

800-622-0828 325-235-5494
FAX 325-235-4672
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1. GENERAL

The Ludlum Model 2221 Portable Scaler
Ratemeter is a self-contained counting
instrument designed for operation with
scintillation, proportional, or GM detectors.
Power is derived from four “D” cell batteries.

The unit is complete with a voltage-sensitive
preamplifier, linear amplifier, electronic timer,
detector high-voltage power supply, and
detector overload detection circuitry.

2. SPECIFICATIONS

A single channel analyzer is also featured in
this unit for use in gamma spectrum analysis.
The analyzer may be switched on or off,
allowing gross or window counting.

The unit has a combination four-decade linear
and log ratemeter and a six-digit LCD readout
for the scaler and digital ratemeter.
Potentiometers are supplied for threshold,
window, and high-voltage controls.

e HIGH VOLTAGE: 400-2400 volts
with digital readout

e CALIBRATION STABILITY: less
than 3% variance to battery endpoint

e SENSITIVITY: voltage sensitive and
adjustable from 1.5 mV to 100 mV;
typically factory calibrated to 10 mV =
100 on the THR display

e INPUT IMPEDANCE: 22k ohm

e READOUT: six-digit liquid crystal
display, 1.3 cm (0.5 in.) characters with
backlight selection

e METER: 6.4 cm (2.5in.) scale, 1 mA,
pivot and jewel suspension

e SCALES/RANGE: four-decade log
ratemeter ranging from 50 to 500 kcpm;
four-decade linear ratemeter, 0-500 cpm
meter dial with range multipliers of
X1K, X100, X10, X1 producing an
overall range of 0-500 kcpm

e OPERATING TEMPERATURE:
-20 t0 50 °C (-4 to -122 °F)

e LINEARITY: +10% of the true value
for the analog and digital ratemeter;

+2% of the true value for the digital
Scaler, HV, THR, and WIN digital
voltmeter readings; +4% of the true
value for the BAT voltmeter reading

e RESPONSE: two positions. Fast
response = 4 +£1 second. Slow response
=22 + 2 second. All response times are
measured from 10-90% of final reading.

e CALIBRATION CONTROLS:
recessed screwdriver adjustments with
calibration cover

e AUDIO: built-in unimorph speaker
with  click-per-event and switch
selectable divide-by 1, 10, and 100

e CONNECTOR: Series "C"

e BATTERY LIFE: approximately 250
hours; 4 “D” cell batteries

e SIZE:22.9x109x254cm (9x4.3x
10 in.) (H x W x L), including handle

e WEIGHT: 2.5 kg (5.5 Ib), including
batteries

e FINISH: polyurethane enamel with
silk-screened nomenclature
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DESCRIPTION OF CONTROLS AND FUNCTIONS

POWER:two-position ON-OFF switch

DETECTOR: Series "C" connector for
detector

Input Impedance: 22kQ
Ballast Resistor: 1M

RATEMETER:

F-S RESP Switch: two-position switch
for selecting ratemeter response. F
position 4 +1 second; S position 22 +2
seconds.

ZERO: when pressed, resets the
ratemeter

RANGE SELECTOR: Five-position
switch labeled LOG, X1K, X100, X10,
X1 used to select the analog ratemeter
range. The LOG position selects the
upper meter scale to provide a four
decade logarithmic reading from 50-
500k CPM. The X1, X10, X100, and
X1K range multipliers used with the
lower 0-500 CPM meter scale,
providing an overall measuring range
from 0-500k CPM. Multiply the meter
reading by the respective range
position.

DIGITAL CONTROL.:

COUNT Pushbutton: When pressed,
resets and starts the counter. While the
counter is counting, two sets of colons
are displayed.

HOLD Pushbutton: When pressed,
stops the counter and leaves the count in
the display.
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SCALER/DIG RATE Toggle Switch:
Two-position  toggle switch  for
selecting scaler or digital ratemeter

SCALER Position: The display shows
the counter contents.

DIG. RATE Position: The display
shows the ratemeter count rate.

Note: The scaler and digital ratemeter
are active even when not selected. This
allows the user to start a timed count,
switch to the digital ratemeter, and then
switch back to scaler without having to
restart the counter.

MINUTES Selector Switch: Eight-
position switch used for selecting the
count times for the scaler:

POSITION COUNT TIME
IN MINUTES
0.1 0.1
0.2 0.2
0.5 0.5
1 1
2 2
5 5
10 10
CONT

COUNTER COUNTS UNTIL HOLD
TS PRESSED

CALIBRATION CONTROLS:

WIN: 20-turn potentiometer used to
adjust window width when the window
toggle switch, WIN, is in the "IN"
position

THR: 20-turn potentiometer used to
adjust the threshold
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HV: 20-turn potentiometer used to
adjust detector voltage

O.L.: 20-turn potentiometer used to
adjust detector overload current

TEST:

BAT Pushbutton Switch: When
pressed, displays the battery voltage in
the digital display.

HV  Pushbutton Switch: When
pressed, displays the detector high
voltage in the digital display.

THR Pushbutton Switch: When
pressed, displays the threshold setting in
the digital display.

WIN Pushbutton Switch: When
pressed, displays the window setting in
the digital display.

LAMP Toggle Switch: Two-position
switch to turn on the display lights.

WIN Toggle Switch: Two-position
switch for switching the window IN or
OUT.

IN position: The SCA (Single Channel
Analyzer) is set up as a window
counter. Detector pulses to be counted
must be above the threshold but below
the window.

OUT position: The SCA is set up as a
gross counter. All detector pulses above
the threshold are counted.

AUDIO:

VOL Control: One-turn potentiometer
used to adjust the volume of the speaker
or headset.

AUDIO DIVIDE:
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1 Position: provides 1 click per event
10 Position: provides 1 click per 10

events

100 Position: provides 1 click per 100

events

1/8 inch HEAD PHONE JACK: used
for headset. When headset is plugged
in, the unimorph speaker on the can is
disabled.

LIQUID CRYSTAL DISPLAY: 16.5
cm (6.5 in.) high digits, displaying
counter contents or digital count rate

STATUS INDICATORS:

Counter Overflow: When in SCALER
mode, the left digit alternates between
the correct digit and an “H.”

Detector Overload: The display flashes
all dashes. (“‘------ “).

Battery: When the battery voltage is 4.4
volts or less, all decimal points are

turned on. This indicates that the
batteries  should be  changed
immediately.

Scaler Counting: The two colons are
turned on when MINUTES selector
switch is in CONT position.
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4. OPERATING PROCEDURES

4.1 Initial Preparation

1. Unscrew battery door latch.

2. Install 4 "D" size batteries in the battery
holder. The correct position of the
batteries is indicated on the bottom of
the battery door.

3. Switch the POWER ON/OFF switch to
the ON position. A random number
will first be observed in the display,
then 8.8:8.8:8.8. The third displayed
number will be the program version.
(At the time of this printing, program
version is #261010.)

4. Press COUNT pushbutton. The display
should zero. Two sets of colons should
appear on the display.

5. Press HOLD pushbutton. The colons
should disappear.

6. Switch LAMP toggle switch to the ON
position. LCD display backlighting and
two lamps at the bottom of the analog
meter should be illuminated.

NOTE: If the Lamp switch is left in the ON
position for extended periods of time,
battery life will decrease rapidly.

7. Check TEST pushbutton functions for
proper operation.

4.2 Operating Point

Instrument and detector operating point is
established by setting the probe voltage
(HV) and instrument sensitivity (THR). For
a given detector system, efficiency,
background and noise are fixed by the
physical makeup of the detector and rarely
vary from unit to unit. However, the
selection of the operating point makes a
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marked difference in the apparent
contribution of these three sources of count.

In the singular case of the GM detector, a
minimum operating voltage is required to
establish the GM operating region. (At
lower voltages, the detector operates as a
very insensitive proportional counter.) This
detector is not capable of energy dis-
crimination (pulse-height discrimination).
The threshold (THR) is typically adjusted to
550, with a THR reading of 100 = 10 mV
input pulse for GM detectors.

For gain sensitive detectors (proportional or
scintillation), the most straightforward
method of selecting the operating point is to
develop a graph, relating count rate to
system gain. This relationship is commonly
referred to as a plateau or instrument
plateau curve. System gain may be
changed by adjusting detector high voltage
or THR control. The threshold is typically
adjusted for 100 = 10 mV for scintillation
detectors and 50 (5mV equivalent) on the
THR readout for proportional detectors.

4.3 Limitation of Controls

HV Control provides a linear adjustment of
the detector voltage supply. The range is
approximately 400 to 2400 volts. Changing
the detector voltage will cause the detector
gain to change. It should be remembered
that a linear change in voltage will cause an
exponential change in detector gain. THR
Control sets the basic pulse discrimination
point of the scaler.

WIN Control is calibrated with the THR
control so that the reading of the WIN
control is equivalent to the reading of the
THR control.

As an example, 100 on the THR is equal to
100 on the WIN.
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5. DETERMINING INSTRUMENT PLATEAU AND SELECTING OPERATING POINT

Set WIN ON/OFF to OFF.
Set MINUTES switch to 0.1 minutes.
Set THR control at 100.

With detector shielded from source,
turn up high-voltage control and take a
plot of HV versus background count
rate until the detector maximum voltage
rating is reached. (Maximum voltage
on most scintillation detectors is 1500-
1600 Vdc; maximum voltage on
proportional detectors is reached at the
continuous discharge point. Return HV
control to minimum.

5.

Expose the detector to asource and again make
a plot of voltage versus count.

Plot both sets of data and select the
operating point to correspond with
maximum source count and minimum
background count. Avoid areas of very
fast count rate changes with small
changes in detector voltage. The
optimum operating point for low-
background detectors is just above the
inflection point (or break-over point or
knee) of the plateau curve. If
background count is irrelevant, shift
operating point to the plateau center for
greater stability.

6. WINDOW OPERATION AND ENERGY CALIBRATION PROCEDURES

The following procedure calibrates threshold
directly in keV:

1.

Place RATEMETER multiplier switch
to LOG position.

Unscrew and remove CAL cover.

Press HV pushbutton. The HV should
read out on the display directly in volts.
While depressing the HV pushbutton,
turn HV potentiometer maximum
counterclockwise. The HV should be
less than 50 volts.

Depress the THR pushbutton. Turn the
THR potentiometer clockwise until 652
displays.

With WIN IN/OUT switch IN, depress
the WIN pushbutton. Turn the WIN
potentiometer until 20 appears on the
display.

Switch WIN IN/OUT to OUT.
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7.

10.

11.

Connect the probe and expose to a **’Cs
source (a source of approximately
10uCi placed 3-4 inches away is
recommended).

Increase HV. (If HV potentiometer is at
minimum, it will take approximately
three turns before any change is
indicated.) While increasing the HV,
observe the log scale of the ratemeter.
Increase HV until ratemeter indication
occurs.

Switch WIN IN/OUT switch to IN.

Turn the HV control until maximum
reading occurs on the log scale.
Increase HV until reading starts to drop
off, then decrease the HV for maximum
reading.

Turn RATEMETER selector switch to
the X1K position.
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13.
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Press ZERO pushbutton and release. If
meter does not read, switch to a lower
range until a reading occurs.

Carefully adjust HV potentiometer until
maximum reading is achieved on the
range scale. The instrument is now
peaked for *¥'Cs on both the LOG and
Linear scales.

NOTE: When the THR control is
adjusted, the effective window width

7. OVERLOAD DETECTION CALIBRATION

remains constant. As an example, if the
THR is set at 612, and the WIN at 100,
a 662 keV peak 612 + (100 divided by
2) will be centered in the window.
Then the threshold point is equivalent to
612 keV with a 100 keV window and
calibrated for 100 keV per turn. If the
threshold is reduced to 250, the
threshold is equivalent to 250 keV, but
the window (100) is still equal to 100
keV. Proportionally, this represents a
broader window.

1.

Detector count saturation is detected in
this instrument and is indicated by the
LCD display by flashing all dashes and
the analog ratemeter deflecting full
scale. The count saturation or
"overload" point is calibrated by the
O.L. front-panel control.

Adjust the O.L. control to fully
clockwise position.

Connect detector and set HV for correct
detector operating voltage.

Expose detector to radiation field and
while observing ratemeter, increase
field intensity until a decrease in count
rate is noticed. For alpha scintillators,
the detector photomultiplier tube (PMT)
should be exposed to a small light leak
through the probe face to establish the
detector saturation point.
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. With the detector in the count saturation field,

adjust the O.L. control
counterclockwise until the overload
alarm point is reached (flashing dashes
in LCD display).

Position detector in a lower field
intensity just below the saturation point
and confirm overload is defeated.

Example: Ludlum Model 44-9 GM
pancake  detector  saturates  at
approximately 500 mR/hr (5 mSv/h).

Full-scale instrument analog meter
reading = 200 mR/hr (2 mSv/h). Set the
Model 2221 to overload at 500 mR/hr
(5 mSv/h) field, then position detector
in a 300 mR/hr (3 mSv/h) field and
confirm that overload alarm is defeated.
The O.L. control will have to be "fine
adjusted” to perform the above
procedure.
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8. CALIBRATION

Refer to schematic and component layout for
the following calibration:

corresponds to the voltmeter reading at
pin 7 of U3.

8.1 Ratemeter Calibration 8.3 High Voltage Calibration

1. Set THR control to 100 and Window 1.
IN/OUT switch to the OUT position.

2. Connect Ludlum Model 500 Pulser or
equivalent and adjust count rate for

40,000 CPM.
2.
3. Switch Ratemeter Multiplier switch to
the X100 position and the Response
switch to “F.”
3.
4. Adjust pulse amplitude above threshold
until a steady count rate is observed on
ratemeter.
4,

5. Adjust R4 Meter Cal (labeled MCAL)
on Processor board, for 40,000 CPM on
meter.

Connect HV meter (1000 Megohm
input impedance or greater) to the
junction of R110 (4.7 Meg) and R140
(1 Meg) on the amplifier/power supply
board.

While pressing the HV Test pushbutton,
adjust the HV front-panel control until
the display reads 1500.

Adjust R272 HV  Cal on
amplifier/power supply board for 1500
+5 volts on external HV meter.

Confirm HV will adjust from 400 to
2400-2500 volts. Ensure HV displayed
reading tracks within 2% of HV output.

8.4 Threshold/Gain Calibration

6. Switch SCALER/DIG RATE switch to
the SCALER position. 1

7. Confirm counter time operation by )
taking 0.1 minute count. Colons should
be observed during count cycle.

8.2 TEST Pushbutton/Display Calibration

1. Adjust THR control to fully clockwise
position.

2. Connect positive voltmeter lead to pin 7
of U220 (TLC27MT7IP) on the
amplifier/power supply board. Connect
negative lead to ground near U3. 4.

3. Press the THR test pushbutton and 5.

adjust R208 Volt Cal (labeled V"), so
that the front-panel display reading
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. Set pulser pulse amplitude to 10 mV.

. With THR set at 100, fine adjust R257

gain control (on Power Supply board)
until ratemeter reads 30,000 CPM with
40,000 CPM from pulser.

Adjust THR control for readings of 200,
300, 400, and 500 to ensure the pulser
input is 20, 30, 40, and 50 mV
respectively. Use the 3/4 CPM input
setting to discriminate turn on points as
in procedure above.

Adjust THR control back to 100.

Switch Window IN/OUT switch to the
IN position. Adjust WIN control for
100, 200, 300, 400, and 500 to confirm
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20, 30, 40, and 50 mV window cut-off
points.

6. Set WIN back to 100 and OUT position.

7. Check the rest of the front-panel
functions for proper operation.
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9. OVERHAUL PROCEDURE

The checkout below can be performed with
boards in instrument. An extender board (LMI
part # 5261-098) is available if better access to
board components is necessary:

9.1 Amplifier/Power Supply Board

1.

Connect low-voltage power supply,
capable of supplying 4.0-5.0 VVdc to the
Model 2221 and  plug in
amplifier/power supply board
(component side to back of instrument).

Adjust the WIN, THR, and O.L. front-
panel controls to maximum clockwise
position. Turn HV control to maximum
counterclockwise position. Switch the
lamp switch to the OFF position.
Window IN/ OUT switch to the OUT
position.

Adjust input voltage for approximately
+4 Vdc and turn instrument to the ON
position. Battery current should be
approximately 30 mA or less.

Confirm pin 8 of U187 (CA3290A) is
equal to or greater than +6.4 Vdc.

Increase supply voltage to
approximately +5 Vdc and pin 8 of
U187 should increase to +9 +1 Vdc.

Check for +5 +£0.15 Vdc at pin 8 of any
of the TLC27M7IP circuits (such as
U220 or U153).

Check for -6.5+ 0.5 Vdc at pin 4 of any
of the same TLC27MT7IP circuits.

Connect subminax wire from detector
input to amplifier/power supply board.

Connect HV meter to detector input and
adjust front-panel HV control to fully
clockwise position.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Adjust the HV front panel control to the
fully clockwise position. Then adjust
R272 HV CAL for approximately
2400-2450 Vdc. Decrease front-panel
HV control to the fully
counterclockwise position and confirm
that HV output is 50 volts or less. Then
set HV for approximately 1000 Vdc.

Connect voltmeter to pin 1 of U220
(TLC27MT7IP).

With HV output set at approximately
1000 volts, adjust R268 Current Cal
(labeled "O") for approximately 0.1 VVdc
at pin 1 of U220.

Connect Overrange Simulator (needs to
have a 1000 meg resistor) to detector
input and confirm pin 1 of U220
increases to approximately 0.15 +0.01
Vdc.

Connect voltmeter to pin 1 of U191
(LM358) and with the over-range
simulator connected, adjust O.L. control
on the front panel counterclockwise
until the voltmeter reads approximately
+0.5 Vdc. Disconnect simulator and
confirm pin 1 of U2 goes above +3
volts.

Turn O.L. control to its maximum
clockwise position.

Connect positive voltmeter lead to pin 7
of U220 (TLC27M7IP) and connect
negative lead to ground close to U3.

Press the WIN test pushbutton and
confirm pin 7 of U220 is approximately
2.7 to 3.8 volts.

Press THR test and confirm pin 7 is
1.23 +0.02 Vdc.
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20.

21.

22.

23.

24,

25.

26.

27.

28.
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Press BAT test pushbutton and confirm
pin 7 is approximately 0.5 with supply
voltage at +5 Vdc.

With the HV still set at 1000 Vdc, pin 7
of U3 should be approximately 1 +0.1
Vdc while pressing the HV test
pushbutton.

Connect oscilloscope to pin 3 of U5
(LM331) and adjust R171 Volt Cal
(labeled "V") for approximately 2 kHz
(0.5 millisecond period) with the HV
pushbutton pressed.

Connect voltmeter to pin 7 of U3, and
while pressing the THR test pushbutton,
adjust THR control for approximately
+0.1 Vdc.

Switch the Window IN/OUT switch to
the IN position. While pressing the
WIN test pushbutton, adjust the WIN
control for approximately +0.1 Vdc at
pin 7 of U3 also. Then switch the
Window to the OUT position.

Connect oscilloscope to pin 2 of U8
(CA3096).

Connect pulser and set pulse amplitude
for approximately 10 millivolts. Set
CPM to 40,000.

Adjust R174 Gain (labeled "G") to
maximum clockwise position and
confirm positive pulses at pin 2 of U8
are approximately 1 +0.1 wvolt in
amplitude.

Connect oscilloscope to pin 10 of U105
(CD4098).

Adjust R174 Gain until pulses just start
to appear at pin 10 of U105. Then
adjust pulser amplitude until pulses are
clearly visible.
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29.

30.

31.

32.

33.

Adjust R173 T Pulse (labeled "T™) for a
2.5 microsecond positive pulse width at
pin 10 of U105.

Connect oscilloscope to pin 7 of U105
and adjust R172 Width (labeled "W")
for a 3 microsecond negative pulse
width.

Switch the Window IN/OUT switch to
the IN position and verify that the
pulses are present at pin 7 of U105 from
10 to 20 mV input pulse amplitude and
off approximately above 20 mV.

Switch Window IN/OUT switch to the
OUT position and verify the pulses
appear above the window limit as in the
above step.

Battery current should be less than 30
mA with +5 Vdc supply input.

9.2 Processor Board Checkout

The procedure below is to be used
without the Amplifier/Power Supply
board. If the Amplifier/Power Supply
board is used, delete the steps
containing the signal generator use.
Use the pulser for the standard count
rate inputs. Window, Threshold, HV,
and Bat Test will display the control
setting.

Plug in amplifier/power supply
simulator board and connect signal
generator to jumper wires (black= probe
ground).

Plug in processor board with component
side toward back of instrument.
Connect display ribbon cable.

Set signal generator to square wave
function.

Range = 10k and all other switches to
the OUT position.
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11.

12.

13.

14.

15.
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Adjust the Frequency Symmetry,
Amplitude and D.C. Offset controls to
achieve a 5 volt negative pulse with a
pulse width of approximately 50
microseconds and a period of
approximately 1.2 milliseconds.

With supply voltage set at +5 +0.15
Vdc, turn instrument ON and observe
display = 8.8:8.8:8.8 for approximately
2 seconds, then 261010 indicating the
program number.

Connect frequency counter to pin 18 of
U22 (80C51FA) and confirm crystal
frequency is 6 MHz +0.1% (6006-5994
kHz).

Switch the Scaler/Dig. Rate Switch to
the Dig. Rate position.

Counts should start accumulating every
2 seconds until approximately 50,000
CPM is observed. (The symmetry
control can be fine adjusted until 50,000
CPM is achieved.) At this displayed
count rate, the low BAT Test indication
should be observed, indicated by 5
decimal points across the bottom of the
display.

Press BAT Test and display should be
4.1+0.2.

Press HV and WINDOW = 410 +20.
Threshold pushbutton has no effect
without amplifier/power supply plugged
in.

Switch ratemeter response time to F.

Switch Ratemeter multiplier to X100.

Adjust R40 Meter Cal (labeled MCAL)

until ratemeter matches displayed
accumulated count (approximately
50,000 CPM).
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16.

17.

18.

19.

20.

21.

22.

23.

24.

1.

Change the multiplier range on the
signal generator to correspond to each
decade on the rate multiplier to confirm
range switch operation.

Connect voltmeter to recorder output
and confirm R41 RCDR CAL (labeled
RCAL) will adjust from 0O to
approximately 3.7 Vdc, with full-scale
CPM on display and ratemeter. Then
set for 1 Vdc to equal full-scale meter
deflection.

Connect oscilloscope to pin 9 of U10
(ICM7556) and decade sweep generator
down to the 1k range.

Switch the Audio Divide switch
between the 1, 10, and 100 positions to
confirm audio frequency divides or
multiplies by 10 between each position.

Connect headset or turn on unimorph
and confirm volume control operation.

With full-scale meter deflection (500),
check F/S response time (90% full
scale) for 4.5 +0.5 seconds and 22 +2
seconds respectively.
Check Count, Hold, and Zero
pushbutton functions.

Switch Scaler/Dig. Rate switch to the
Scaler position and check the 0.1, 0.2,
and 2 minute time multipliers for
correct time operation.

With +5 volts supply input, battery
current should be less than ap-
proximately 15 mA, with full-scale
meter deflection.

9.3 Functional/Chassis Checkout

This procedure requires a checked-out
amplifier/power supply board and
processor board.
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2. Connect one lead of an ohmmeter to 9.
chassis ground.
3. Connect other lead of ohmmeter to the
processor board cinch connector pins
below to check count time switch 10.
operation. Boards are not plugged in
yet.
a. 1=open
b. 0= shorted
COUNT TIME PROCESSOR BOARD 11.
POSITION CINCH CONNECTOR
PIN 8 30 31
0.1 0O 0 O
0.2 0O 0 1
0.5 1 0 0 12.
1 1 0 1
2 0O 1 0
5 0O 1 1
10 1 1 0
CONT 1 1 1
13.
4. Connect external power supply and set
input voltage for approximately +5 Vdc.
14.
5. Turn Lamp switch to the OFF position,
THR, and O.L. controls to maximum
clockwise position, and HV to
maximum counterclockwise position. 15.
6. Plug in processor and amplifier/power
supply boards and related cable connec- 16.
tions.
7. Turn instrument ON. Current draw
should be less than 45 mA.
17.
18.
8. Confirm display reads 8.8:8.8:8.8 for

approximately 2 seconds, then 261010
indicating the program version.
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Connect positive voltmeter lead to pin 7
of U3 (TLC27M7IP) on the
amplifier/power supply board. Connect
negative lead to ground near U3.

With the THR control full clockwise,
press the THR test pushbutton and
adjust R171 Volt Cal (labeled "V"), so
that the front-panel display reading cor-
responds to the voltmeter reading at pin
7 of U3.

Connect HV meter (2500 Megohm
input impedance or greater) to the
junction of R32 (4.7 Meg) and R33 (1
Meg) on power supply board.

While pressing the HV Test pushbutton,
adjust HV control until the display
reads 1500. R176 Current Cal may
have to be adjusted counterclockwise to
defeat the Overrange function.

Adjust R175 HV  Cal on
amplifier/power supply board for 1500
+5 on external HV meter.

Confirm HV will adjust from 400 to
2400 volts. Ensure HV displayed
reading tracks within 2% of HV output.

Adjust HV for approximately 1000
volts.

Adjust R176 Current Cal (labeled "0™)
for approximately 0.1 volt at pin 1 of
U3 (TLC27MT7IP) on amplifier/power
supply board.

Connect over-range simulator (1000
megohm) to the detector input.

Adjust the O.L. control
counterclockwise until hyphens start
flashing across the display every other
count interval. Disconnect over-range
simulator and confirm overrange



19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

Model 2221 Portable Scaler Ratemeter
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function is defeated. Then adjust to
fully clockwise position.

Set THR control to 100 and Window
IN/OUT switch to the OUT position.

Connect pulser and adjust count rate for
40,000 CPM.

Switch ratemeter multiplier switch to
the X100 position and the response
switch to “F.”

Adjust pulse amplitude above threshold
until a steady count rate is observed on
ratemeter.

Adjust R40 Meter Cal (labeled MCAL)
on processor board, for 400 CPM on
meter.

Adjust pulser for 10,000 CPM and
check meter for +10% linearity of
reading. Adjust pulser and rate
multiplier switch to confirm linear
readings on all ranges.

Switch SCALER/DIG. RATE switch to
the SCALER position.

Confirm count time switch operation by
taking a 0.1 minute and 0.5 minute
count. Colons should be observed
during count cycle.

Check HOLD and ZERO pushbutton
functions.

Switch SCALER/DIG. RATE switch to
the DIG. RATE position and confirm
update count display operation
approximately every two seconds.

Connect unimorph and headset to the
audio outputs and confirm audio divide
and volume control functions.

NOTE: Unimorph should shut off when
headset is connected.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

With the THR control adjusted for 100,
adjust R174 Gain (labeled G) for 1.5
millivolt input sensitivity. Ensure
instrument functions at low input
sensitivity without noise.

Instrument may have to be placed in can
to permit noise-free operation.

Set pulser pulse amplitude to 10 mV.

With THR still set at 100, fine adjust
R174 gain control until ratemeter reads
30,000 CPM with 40,000 CPM from
pulser.

Adjust THR control for readings of 200,
300, 400, and 500 to ensure the pulser
input is 20, 30, 40, and 50 mV
respectively. Use the 3/4 CPM input
setting to discriminate turn-on points as
in procedure above.

Adjust THR control back to 100.

Switch Window IN/OUT switch to the
IN position. Adjust WIN control for
100, 200, 300, 400, and 500 to confirm
20, 30, 40, and 50 mV window cut-off
points.

Set WIN back to 100 and OUT position
for instrument shipment.

Input a full-scale ratemeter count rate
(500 CPM) and connect voltmeter to the
recorder output. Adjust R41 (labeled
RCAL) on processor board for 1 volt.

Check F/S ratemeter response time for
4.5 +0.5 and 22 +2 seconds at 90% of
full scale.

Decrease input supply voltage until
periods are observed at bottom of
display. Press BAT Test pushbutton and
confirm low BAT Test is 4.4 £0.1 Vdc.
Adjust supply voltage back to 5 volts



41.
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and confirm BAT test and actual supply
input is 5 £0.05 Vdc.

Switch SCALER/DIG. RATE switch to
the SCALER position, Count Time
multiplier to CONT., then press count
pushbutton and start with low enough
count rate to observe each digital
number count sequence from least
significant digit to most significant digit
(MSD). Decade pulser count rate to
speed up digit segment display check.
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42.

43.

44,

45.

Increase count rate enough to overflow
counter. An "H" should be observed in
the MSD flashing every count interval.

Turn Lamp switch to the ON position
and confirm two lamps in the display
and two lamps below the meter are
illuminated.

Current draw with lamps on should be
210 £20 mA.

Turn lamp OFF, and current should be
approximately 40 +5 mA.
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10. PARTS LIST
Ref. No. Description Part No. Ref. No. Description Part No.
Model 2221 Portable Scaler Ratemeter TRANSISTORS
UNIT Completely Assembled Model 2221 Q130 2N3904G 05-5755
Portable Scaler Ratemeter 48-2065 Q173 MPS-W51AG 05-5765
Q175 MPS-W01 05-5578
Amplifier/Power Supply Board, INTEGRATED CIRCUITS
Drawing 261 X 216
BOARDg Assembled Board 5261-216 3;“2 gmgggggmii gggggg
CAPACITORS U4-U6 CMXT3904TRLF 05-5888
U146 CMXT3906 TRLF 05-5890
c111 0.14F, 100V, X7R 04-5521 U153 TLC27M7IPE4 06-6248
C116 0.0056uF, 3KV, C 04-5522 ulrl CD4098BE 06-6066
uF, 3KV, ]
C118 0.1pF, 100V, X7R 04-5521 Bigi [b%?ééﬂg 82_2322
C122 0.0015puF, 3kV, NPO 04-5518 U203 LM331N/NOPB 06-6156
Cl124 0.0015puF, 3kV, NPO 04-5518 U211 CMXT3906TRLE 05-5890
C127-C128 0.0015uF, 3kV, NPO 04-5518 U220 TLC27M7IPE4 06-6248
C136-C137 0.1pF, 100V, X7R 04-5521 U230 LM2578 06-6223
C142 100pF, 3kV, C 04-5532 U235 TLC27M7IPE4 06-6248
C143 100pF, 100V, COG 04-5527 U248 CD4052BE 06-6141
C154 0.1uF, 100V, X7R 04-5521 U256 CMXT3904TRLF 05-5888
C155 100pF, 10V, DT 04-5576
C156 0.1uF, 100V, X7R 04-5521 DIODES
C159 47pf, 100V, C 04-5533
c161 47pf, 100V, C 04-5533 CR121 GI250-2 07-6266
C162 4.7uF, 10V, DT 04-5578 CR123 G1250-2 07-6266
C169 100pF, 100V, COG 04-5527 CR125 GI250-2 07-6266
C172 100pF, 10V, DT 04-5576 CR126 G1250-2 07-6266
C179 0.0022uF, 100V, P 04-5580 CR133 IN4148 07-6272
cito 1k 35w o7 s R e
C188 0.01uF, 100V, X7$ 04-5523 CR176 1NA148 07-6272
C190 0.1uF, 100V, X7R 04-5521 CR182 1N4148 07-6272
C199 0.1uF, 100V, X7R 04-5521 CR183 1IN4148 07-6272
€200 LuF, 35V, DT 04-5575 CR102  1N4148 07-6272
C205 0.1uF, 100V, X7R 04-5521 CR213 1N5819 07-6306
C212 100pF, 3kV, C 04-5532 CR228 1N5819 07-6306
C221 4.7uF, 10V, DT 04-5578 CR236 1N4148 07-6272
C222 100pF, 10V, DT 04-5576 CR243 1N5819 07-6306
C224 0.1uF, 100V, X7R 04-5521 CR244 1N5252 07-6265
C232-C233 0.0056uF, 3kV, C 04-5522 CR246 IN4148 07-6272
C239 10pF, 100V, C 04-5573
C240 0.001pF, 100V, X7R 04-5519 RESISTORS
C241 2.2uF, 25V, DT 04-5559
C245 10pF, 20V, DT 04-5592 R110 4.1M 10-7030
C250 4.7uF, 10V, DT 04-5578 gﬂg %k ggig
R114 220 OHM 12-7753
R115 200k 12-7752
R117 4.7k 12-7755
R119 100k 12-7747
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Ref. No.

R120
R131
R132
R134
R135
R139
R140
R144
R145
R147
R148
R149
R150-R152
R157
R160
R163
R166-R168
R177
R178
R181
R184-R185
R186
R189
R193
R194
R195
R197
R198
R201
R202
R204
R206
R207
R208
R210
R215
R216
R217
R218
R219
R223
R225
R226
R227
R229
R231
R237-R238
R247
R249
R251
R252
R253
R255
R257

Description

220 OHM
470k
10k
100k
1k
1G
1M
100k
10k
1M
470k
1M
10k
470k
10k
10k
10k
200k
470HM
100k
10k
22K
10k
40.2k
4.42k
4.7k
178k
1M
100k
10k
17.8k
10k
100 OHM
1M
4.7k
1M
22k
10k
1M
100k
1.5k
10M
1G
0.1 OHM
10k
100k
1M
220 OHM
200k
10k
100k
10k
1k
10k
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Part No. Ref. No. Description Part No.

12-7753 R258 100k 09-6823

12-7757 R259 10k 09-6822

12-7748 R260 100k 09-6823

12-7747 R268 1M 09-6828

12-7750 R272 1M 09-6778

12-7686

10-7028 TRANSFORMERS

12-7747

12-7748 T129 HVPS 4275-037

12-7751 T242 2221 LVPS 4275-094

12-7757

12-7609 MISCELLANEOUS

12-7748

12-7757 W1-W8  CLOVERLEAF RECEPTACLES

12-7748 011-6809-00 18-8771

12-7748 3EA. SPACERS 18-8933

12-7748 * AMPLIFIER SHIELD 7261-100

12-7752

12-7756 Processor Board, Drawing 261 X 91

12-7747

ig'zgi BOARD  Assembled Board 5261-136

12-7748 CAPACITORS

12-7761 c1 10F, 25V 04-5655

12-7760 C2-C3 18pF, 100V 04-5960

12-7755 C4 100pF, 10V 04-5820

12-7769 Cc5 22uF, 20V 04-5672

12-7609 C6 100pF, 10V 04-5820

12-7747 c7 47pF, 100V 04-5660

ig;;gg c8 047uF, 200V 04-5869

15,7728 c9 0.001pF, 100V 04-5659

157748 C10 4.7uF, 35V 04-5653

197609 C11-C12  10WF, 25V 04-5655

127755 C13 4.7uF, 35V 04-5653

12-7554

12-7748 TRANSISTOR

12-7609

12-7747 Q1 MMBT3904 05-5841

10-7065

10-7102 INTEGRATED CIRCUITS

12-7686 U1 CD4056BME 06-6906

12-7647 U2 CD4054BM 06-6905

12.7748 U3 IC-AT89C51RC2-SLSUM  06-6893

12-7747 U4 CD4056BME 06-6906

12-7609 U5 SN74HCO08DR 06-6313

12-7753 u6 CD4056BME 06-6906

12-7752 u7 CD74HC573M96 06-6298

12-7748 us-u9 CD4056BME 06-6906

12-7747 u1o0 LM358DG 06-6312

12-7748 U1l RDD106 DIVIDER 06-6060

12-7750 U12 CD4056BME 06-6906

09-6822 U13 ICM75561SD 06-6904
U14 TCM810 06-6424
u15 CD74HC238M 06-6346
U16 MAX220ESE 06-6329
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DIODE

D1 MMBD914

Ref. No. Description
RESISTORS

R1 1M, RCDRCAL
R2 221k, 250mwW
R3 5.62k, 250mW
R4 1M, METER CAL
R5 2.21k, 250mwW
R6 3.32k, 250mwW
R7 137k, 250mwW
R8 221k, 250mwW
R9 475k, 250mW
R12 22.1k, 250mw
R13 1k, 250mwW

RESISTOR NETWORKS

R10-R11 22k, SMTR
TRANSFORMER

T1 300-9 X25
CRYSTAL

Y1 6.000 MHZ
CONNECTOR

P3 RIBBON-1-5102159-0

Calibration Board, Drawing 261 X 59

BOARD Assembled Board

VOLTAGE REFERENCES

Ul LM385Z-1.2

U2 LM385Z-1.2

UK LM385Z-1.2
RESISTORS

R4 22k

R10 22k

R11 100k TRIMMER
R12 100k TRIMMER
R13 100k TRIMMER
R14 100k TRIMMER

January 2025
Ref. No. Description
07-6353 CONNECTOR
P6/1-7 640457-7 MTA100
Part No.
Ref. No. Description

09-6828
12-7845
12-7871
09-6828
12-7835
12-7870
12-7061
12-7845
12-7859
12-7843
12-7832

12-7917

4275-074

01-5985

13-7834

5261-075

05-5808
05-5808
05-5808

12-7754
12-7754
09-6813
09-6813
09-6813
09-6813

LCD Display Board, Drawing 261 X 58

BOARD Assembled Board

INTEGRATED CIRCUIT

u7 3918

RESISTORS

R4 22 OHM

R14 22 OHM
CONNECTORS

P4 7-146256-5 HEADER
P5 640456-2 MTA100

MISCELLANEOUS

DS10-DS13 BULB-#6833

Backplane Board, Drawing 261 X 60

BOARD Assembled Backplane Board
DIODE

CR6 1N5819

CONNECTORS

J1-J2 EZA22DRSN

P7 640456-7 MTA100

P8 1-640456-4 MTA100

P9 640456-5 MTA100

P10 640456-2 MTA100

P11 1-640456-4 MTA100

Part No.

13-8183

Part No.

5261-074

07-6252

10-7072
10-7072

13-8186
13-8073

22-9613

5261-076

07-6306

13-8181
13-8115
13-8141
13-8057
13-8073
13-8141

Chassis Wiring Diagram, Drawing 261 X 61

AUDIO

DS1 UNIMORPH 60690
CONNECTORS

J1 CONN-640456-2 MTA100
J2 UG706/U SERIES C
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13-8073
4478-011
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Ref. No. Description Part No.
J5 PHONE JACK TINI #42A  21-9333
J6-J7 (ON CAL HARNESS) 8261-088
J8 (ON MAIN HARNESS) 8261-087
J9 (ON BATTERY HARNESS) 8261-089
J10 NOT USED
J11 (ON MAIN HARNESS) 8261-087
Ref. No. Description Part No.
SWITCHES
S1-S7 30-1-PB GRAYHILL 08-6517
S8-S12 7101-SYZ-QE TOGGLE 08-6511
Swi1 513381 08-6656
SW2 513381 08-6656
SW3 MTA-206PA 08-6657
BATTERY
B1-B4 1.5VOLT "D" DURACELL 21-9313
RESISTORS
R1 10k NON-LOCKING 09-6753
MISCELLANEOUS
M1 Model 2221 METER ASSY. 4261-091
RS-232 Port Kit (optional) 4261-148

RS-232 Board, Drawing 261 X 179

BOARD Assembled RS-232 Board 5261-179

CAPACITORS

C1 4.7pF, 20V, SMT 04-5653
C2 10uF, 20V, SMT 04-5655
C3 4.7pF, 20V, SMT 04-5653
C4 10uF, 20V, SMT 04-5655
C5-C6 68uF, 10V, SMT 04-5654

INTEGRATED CIRCUITS

U001 IC-MAX220CSE, SMT 06-6329
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11. RS-232 Port Addition (LMI Part No. 4261-148)

The Model 2221 RS-232 port addition allows
the Model 2221 data to be read as output to a
computer or serial printer, by dumping either
the ratemeter or scaler reading as desired. The
desired reading is selected with a toggle
switch located in the digital control section of
the front panel, labeled with two positions:
SCALER and DIG. RATE. The port addition
kit (LMI Part No. 4261-148) includes the
internal board and a cable that will connect
directly to a 9-pin PC port.

The scaler reading dumps when the scaler has
completed a count. The ratemeter is dumped
every two seconds in one of three formats,
depending on the firmware installed. The
three available formats are 1 count per 2
seconds, 2 counts per 60 seconds (cpm), or 3
counts per second (cps). Data output is always
in a six-digit format with a letter prefix,
corresponding to the following:

Ratemeter: “R”

Scaler: According to the table below

Letter Time of Time of
Prefix Count (min) | Count (sec)
Format 1 or Format 3
2 (cps
version)
A 0.1 1
B 0.2 2
C 0.5 5
D 1.0 10
E 2.0 30
F 5.0 60
G 10.0 120

A carriage return and then a line-feed
character follows the sixth digit.

The communication protocol is 9600 baud, no
parity, 1 stop bit, and 8 data bits. The RS-232

port 1s for output only with no handshaking
available.

The Model 2221 will dump the data, no matter
what, even if the attached computer or printer
is not read. The cable provided is a coaxial
cable, providing TXD and GND to a 9-pin D
connector, ready to plug into a standard PC
serial port.

Windows Hyper Terminal may be used to
display and/or log the readings.

The Model 2221 processor board utilizes an
EPROM with one of the following firmware
numbers, depending on the desired rate:

Rate Dump as counts per 2 seconds — #261-
06-NO03.

Rate Dump as counts per 60 seconds — #261-
07-NO02.

Rate Dump as counts per second with
meterface 202-930 — #261-02-N02.

261-06-N03 RS-232 output rate dump as counts per 2
seconds.

261-07-N02 RS-232 output rate dump as counts per 60
seconds.

261-02-N02 RS-232 output rate dump as counts per
second (cps) with special meterface 202-930 (0-10
kcps).

261-02-N04 NEW RS-232 output every second, 0-10
kcps meterface 202-930, 1,2,5,10,30,60,120 sec scaler.

261-02-N07 NEW RS-232 output every second,
original meterface, cpom RS-232 output.
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12. DRAWINGS AND DIAGRAMS

Amplifier/Power Supply Board Schematic, Drawing 261 x 216
Amplifier/Power Supply Board Component Layout, Drawing 261 x 219 (2 sheets)

Processor Board Schematic, Drawing 261 x 91
Processor Board Component Layout, Drawing 261 x 103 (2 sheets)

Calibration Board Schematic, Drawing 261 x 59
Calibration Board Component Layout, Drawing 261 x 59A

LCD Display Board Schematic, Drawing 261 x 58
LCD Display Board Component Layout, Drawing 261 x 209 (2 sheets)

Backplane Board Schematic, Drawing 261 x 60
Backplane Board Component Layout, Drawing 261 X 76A

RS-232 Board Schematic, Drawing 261 x 179
RS-232 Board Component Layout, Drawing 261 x 180

Wiring Diagram, Drawing 261 x 61

page 20



PO

N<XE<CH0TVZErALIMMOO D>




Top Layer (Scale 1.5522) .
g _:

Z

.

Z

LUDLUM MEASUREMENTS

@

Y Part:5261-216 | Model: 2221
6 Desc: Amplifier/Power Supply Rev: 1 a
SHEET: 1 of 4 SERIES| SHEET|
DWN: PAB DATE: 2/26/2021
261|219

APR: KfX |DATE:2ST i 2)
c

1 D



LUDLUM MEASUREMENTS
Part:5261-216 | Model: 2221
: Amplifier/Power Supply

6
SERIES| SHEET
: PAB DATE: 2/26/2021
APR: g{K DATEWLL/Z—'/ 261 219 Il
Cc

| D



1 2 3 4 ] 5
+5V U1
14 U2 BUSO 5 | 20 a 9 A1
3 _Tcms10 16 [aq oura |3OUT4 2 1
BUSS 15 7 ing4  ours [E-SU c
2 L4 sTB4 oUT2 (U d
BUSZ X oU
N3 ouT1 82 o
c2 10 $li sTa3 ou f
21 ALy RESET sus1 %17 72 oU :
P00 —43BUSO $2_ sta2 Lol
18pF Y1 P 2 _BUst suso %57 N1
100V == ABC26.000MHZ4T  F07 [T BUSZ. 07 88 ves LI
5% 6.00 MHz -2 [40_BUS3 50HZ 2] pagl ]
P1 P03 0 BUS3 DFREQ Vss
PCB/EDGE-44X125 cs 2 P0.4 23 :322 CD4054BM
2 z 44 HTEST' XTAL2 PO.S 37 BUS6
TEST21 43 COUNT' P06
SAIEST2L ) 3 ¥ -22COUNT 18pF 12 36_BUST
VOLTS 20 2 X 42 100V 23] SDA P0.7
HOLD' 191 29 % 41 sPARE" o 23 ooa o0 A
PULSETT8 1 19 Y [40BUS0 41 scL P20 22 A
— 7 39 SCALER/DIG RATE' . P21
17 U R SCALERIDIG RATE BAT TEST 26 A
DIV OUT§ 38 ST_21 p1o P22
DIV OUTE | 45 T HTEST 57 A +5V
AUDIN1 37 P23
DIV seLta ] 19 S 36RCDR P24 A iS )
L 14 R 4 9 A SELT 1 sL 14 SN74HCOSDR
T 3 P25 A0 YO
113 P 30 A SE22 TS
12113 r D P26 A 2 a1 vi HESE
o4 M [SSBATTEST iad A2 Y2 oS0 5081
19510 L [-S2RESPONSE R1 ss= | 32 PSEN' WRga | = B 50 a9 A1
zero 671§ x Caicr L—AAn PSEN YR E Y4 19 e
ciz 8 30CT3 1K E2 Y5 48
8 i MEC T E N 3 AE 5 ) 4TF1
RNG1 7 7 H ’_ZSM 250mwW ALE E3 Y6 4 47 2601
RNG3 61 & " 28 METER DRIVE . vz 6 o0t
. 27 BA 5 045y 45
+5v} 5 E 16 8 44ET
A E s . +5v VCABND 44 2Ll
12 3 c [E3*AUD vee oV CD74rC238M 4 Ma2our2
2 B 22 WR' - 1 2 4
2 N3 s P36 VS 4 41 82
T [T_-AuD ey P37 vss 40 255
- A U3 3 3802
ATBSCSTRC2 CD405GBME R P Ee
+BAT 7 B515 | 36E2
> > C51 :g gg 350UT3
he X oUTA 7 ] 47 34 [340UTH
9)8]7)6]5)43) 2 oureie ] 17 34 3383
G419 19 32 32C3
Ea20] 12 B o
u7 Fagi] 20 213003
RESPONSE %0 a0 |198USO Da] 2 39
+5v ZERO 50 Q@ rmssust Aa23 |22 22 [8E3
(Gl oy o [CTBUSZ. +sv caa] 22 BIes
*ca c1z = 68US3 B425 26 0UTS
100UF = o3 a MBI%
10v RNGT o a RIBBON-1-51021590
D5 Q5 R12
RNG2 D6 Q6 21K
RNG3 -
o7 a7 250mw
. e 38 +5v
;0 i R1 U10A
+5V VCOGND M LM358DG
R2 +5v CD74HC573M96 +5V 14 RCOR
21K UsD RCDR CAL 1
e 14 SN74HCO8DR
1% 2 -
u11 METER 1 Ao 5V
DIv SEL ps1 voc -2 562K R4
021 0ss our L Divour 250mW ™ Sewh U108 M
41 RESC OUT 7 1% + S LM3S8DG  gs 8 1 Vss  vdd D45y
PULSE" CN aND -2 CS < 7 AAA_METER DRIVE
u16 gg\ulF METER CAL 221K CD4056BME
RDD106 DIVIDER — o w2 Seom
1%
pd by 7
25V 0v
3
cr- v cn
40 o 10uF
+| C13 +35V
J:4.7uF
25v
51 o Z 4G
vis Vss  vdd +5v
™ 11 ,ﬂ\_‘ 14 DATA OUT CD405EBME
L #22 YELLOW UL1430
DATA OUT
10 > | 7 12
/ ; ; w3 2
T
12 .< 13 < -
4 #22 BLACK UL1430 +| cs 1 71 4zrso74 +AUD
?;D Iwuur 9)||@ H1 H2
+5V +5V 1ov &—
9___5 = 10074 f ¢ 600T MH-4-40  MH-4-40
+5v 3 5 o -AUD
i Y U13A U138
. 18 1 yee  oND S R7 p— 5 10 [—— 9 Q1 T PCBFID1 PCBFID2  PCBFID3
b1 137K RESEOUT RESETOUT p— N
#26 RED UL1429 WAXZ20ESET Dl pea J20MW [, wl s
c1a c1s o Tlev  ois cv  Dis (= L
+ + = FID_LOCAL FID_LOCAL FID_LOCAL
68uF —=68uf AUDIN || 6 | wmre 14 8 | = 14 =
10V T 1ov 11 TRIG vce +5V TRIG VCC ——=0+5V =
w5 bl 2 THR GND L THR _GND |7
I . ICM75561SD PO Box 810
m 501 Oak Street
#26 BLACK UL1429 R9 Texas 79556
GND e W TS, INC. US.A. 1-800-622-0828
& - -
L : Tifle: PROGESSOR BOARD
|_cs cog *
fg\;‘F 0001uF : 53755 | Sheet:1 of 1
Print Date: 1/1072025 _ 1:49:07 PM |

Rev: 7

{ WP et LW 221152611 360R VTS 1 3GRTP S0

261 | 91

[ E




Top Layer (Scale 1.3:1)

M LUDLUM MEASUREMENTS

. Part:5261-136 | Model: 2221

Desc: PROCESSOR BOARD

Design: RDS | Date: 1/8/2025 Rev: 7
Drawn: PAB |Date: 1/8/2025 |SHEET [SERIES|SHEET

Apr: R Do |Date: [PJax25 |1 of 3| a4 | 103

W:\Projects\LMI\M 2221\5261-136\Rev7

A B C | D



Bottom Layer (Scale 1.3:1)

=

LUDLUM MEASUREMENTS

i Part:5261-136 | Model: 2221
Desc: PROCESSOR BOARD
Design:RDS | Date: 1/8/2025 Rev: 7
Drawn: PAB |Date: 1/8/2025 |SHEET |SERIES|SHEET
221261103
W:\Projects\LMI\M 2221\5261-136\Rev7
A C D



2 3 4 ; 5
+5V
R4
322K
333mW
5%
u1
T LM385Z-1.2
R11 R12 R13
3 100K 3 100K 3 100K
U3 SW ' 3296W-1-104LF SW 3296W-1-104LF SW 3296W-1-104LF
P6 LM3852-1.2 : 2 NAME . 2 NAME ) 2 NAME
1
2 :—|
3 & &
4—
5ir=
6 —
=
640457-7
MTA 100x7RA
NAME o
R10
22K
333mwW
5%
R14
3 T‘]OOK
u2 SW ' 3296W-1-104LF
LM385Z-1.2 ; 2 NAME
p———
PO Box 810
VI|LUDLUM &5
Sweetwater, Texas 79556
MEASUREMENTS, INC. U.S.A. 1-800-622-0828
Drawn: LL 3/16/89 Title: Calibration Board
Design: LL 3/16/89 Model: 2221
Board#: 5261-075
Approve:g (6] 28 TAUI 15| Sheet: 1 of 1 Series | Sheet
Print Date: 1/27/2015 __5:06:45 PM Rev: 1
W:\Projects\LMI\M 22211526 1-075\Rev11261075R1.SchDoc 2 6 1 5 9
= 1 3 5

4




O = O

WIN

IR14 _Of P

THR | °
Ri1. Ol P

HV " ‘
R12. Ol P zgl
—u

9d

OVRLD
R13. O

PO Box 810
VLUDLUM 55t
Sweetwater, TX 79556

MEASUREMENTS, INC. U.s.A. 1-800-622-0828

Title: Calibration Board

Drawn: LL 3/16/89 Model: 2221
Design: LL 3/16/89 Board#: 5261-075
Approve: K J)5 [£Ju L (4 |Rev: 1
PCBA Drawing SCALE: 1.00 |Series| Sheet
Print Date: 7/8/2014 __11:17:46 AM__| Top Overlay  [261 |59A

W:\Projects\LMIM 222115261-075\Rev1\261075R1. Assy.PcbDoc




Ps -1

R14
22

u
3318
LCD DISPLAY
A "’5‘*'—$28 P4 -49
e 3ol
01153 QP4 -46
€152 L Pd -44
FILe P4 47
5t QP 45
E m— 0
B -
© R Ph 42
i _j_) P4 -38
£2 P4 -3
F2 Dj P4 -33
62 QP43
K35 P4 -3
83 P4 -33
c3 P4 -3
0 P4 -3
=i
pi
I P4 -27
pp2 2L P4 -42
P P4 -34
LN P4 35
) S
1511
5 By
DISPLAY LANP
Q)
D518
5 8y
DISPLAY LAMP
1513
5.8Y PS5 -2
DISPLAY LAMP
1812
5 8y
DISPLAY LAY

@

Wmnﬁm[um

REVISTONG
DESCRIPTION T SRTETAPPROVET

UPDATED T LUDLUM MEASUREMENTS INC.

JTY

THK MIBED TITLE @ LCD DISPLAY

fig; S fj{iml 83 I BOARDS 5261-074

"ﬁig*j#x TG Asw size | oL 1 SERies ‘ serl
4730 28-Rpr-2@ SB261974 [ SHEET 1 OF T




DS12 DS13
| | ]
g A
O
O
- @ u7 @
O

rd

LUDLUM MEASUREMENTS INC. sweeTwaTer, Tx.

DR LL| ©3/27/89 |TITLE: DISPLAY BOARD
BOARD: 5261-074
DSCN LL ¥3/16/89 MODEL : 2221
APP 2S5 Aoy )3 FILENAME : BS261074
COMPONENT SOLDER ©9.51:12 | 7-Nov-13
REVISION | SERIES | SHEET
OUTL INE OUTL INE 1.0 261 209




0o 0o 00000000 000D 0O O0OO0OO0OOoOO oOOoOOoOOoOOoOaaogao

0 00000 o0Do0oOOo0oaoaooaoaooooaoaoaooooaolP4

LUDLUM MEASUREMENTS INC .

SWEETWATER, TX.

DR LL ©83/27/89

TITLE : DISPLAY BOARD REV 1

BOARD# 5261-074

FILE

DSCN LL ¥3/16/83

MODEL 2221 ’SERIES 261ISHEET 203

ARk

COMP ARTWORK O

SLDR ARTWORK O

0B 00 .00 B0/00/00

COMP OUTLINE O

SLDR OUTLINE X

COMP PASTE O [COMP MASK O [SLDR PASTE O [SLDR MASKO




by |y SPRE-
P32 J——y
Pg -3 >./_77
P -4 (-——-—‘SPK’R"
P -5 g +BAT JZ ¥
AMPLIF IER/PONER SUPPLY PROCESSOR
NI 5261457223 1 | sl
e ] ) )
+BAT PROTECTEDO—] 2 frdf ' | {2 ] By
pg -2 )—’SPK\:;SY ENEE Vo | 3| | % o
Pg -3 Y TESTY !
BRI e ¢
PB -5 Y— NIN TEST® e " }—{ggi 1® 28E
P B P SPARE” | ) l ‘29: RNGI—{ 6 | 528%%159
Pg -7 S HOLD | 8 | xmi e §3z’hw’2
PG B P THR TEST® ] . | §31% U?'% °l iy P
Pg -3 S PULSE” 1 MI 13?2 o 2 ‘y‘fwm
P9 <18 o Y U1 1 y l 133 e o] iﬁ | qesposE
g 11 > ALD 1N ];?i 13‘.L——~Mm ‘;Ig lsﬁnem TEST
P8 -12 P DIV SEL lml }35 N !;! lgsf
Pg 13 Y ZERD” ] “i l35 ] 1 !38!
g 14 3 STALER/DIG RATE” | . [ 137 | E— DIV SEL | 14 5 EN | RECORDER
PI-1 S RESPONSE® Lol ’ng S B
) R I Rl o1 pyouT {1 |3
P S—cn [ 1% [IT] |38 o SCALER/DIC RATE-
P11-3 P LT2 pmsg'_i ’Bf imI PULSE'_{ ‘33 4@‘
Pi1-4 Y (T3 P . !
[19] |4 e TesT Moo I8 4T o seare
PU-S e RNG weeRea 20| | % }.7}7 wer {2
PII-6 €— BAT TEST WwTEsT 21| | 4] N Teste {21 i | o
P :R:m oveRLOAD {22 [ | Lo Test ovEROAD 22| |4 [y TEST
P11-8 RNG2 !
P11-9 P METER
P11-18 €— VOLU'E
P11~11 e AUDID+ 07 1 ‘
PLI-1Z Yo AT PROTECTED,, , //7'5\'
P11-13 g SPKR- e
Pi1-14 >77 NI
P 5 Sen THRESHOLD
Pig-1 P15 it
p1g-2 (—ZREEDRDER P77 > OVER.OAD

[TEFF T AUTHIRTTY " ZORE TCTR

REVISTONS

TESCRIFTION DATE TAPPROVED

UPDATED - LUBLUM MEASUREMENTS INC
R 3/16/89

TITLE . BACKPLANE
BSON L 316783 I“5okrpe 5261-076

APPD ) [ﬁ‘(,v
‘@W%ZEF_‘*‘A Size ]mm

| semies | seeer
C | el 261 60

145734

22-Hay-BH SB2E18T6 T SHEET 1 OF 1




CR6
<=

o
®
®
e |

& m
o
O
°
o
°
o

e =

Bid

O
O

O
O

O o o ¢ @ 0 o

o

Je J1 -
ANP/PONERO PROCESSOR O

- OE
1| e
e
'{ | o
SEK
) | Lbe
°
| e
= 1l e
°
°
®
1| @
T M| @
e
| e
/) o
| ®
N o
o
N \\.
N o[ e
T | e
. ®
Y *
°
°
L4 °
o !

. V] LUDLU
MEASUREMENTS INC.

PO Box 810

501 Oak Streel
Sweelwaler, TX 79556
U.S.A, 1-800-6822-0828

Title: Backplane

Drawn: LL

3/16/89

Model: 2221

Design: L| 3/16/89
Approve: iﬁ 7?7‘104/77

Board#: 5261-076

Rev: 1

PCBA Drawing

SCALE: 1.08

Print Date: 11/21/2018 9:12:03 AM

Top Overlay

Sorles

261

Sheet
76

1lll'¢ndun1pch1l’l\ah£l‘LMl‘\M mmzm-ummmmmram_mg.mnm




3 4 5
A
U1 +10V
1 cte v+ |2 by
+| C3
4.7uF
25V -10V
I 3 6 B
{ C1- V-
c2 +| C4
4] ot 10uF 10uF
+ C1 +25V 25V
4.7uF
25V
51 co-
W3 W2 I
TXD' 11 - 14 DATA OUT
/' \
#26 GRAY UL1429 #22 YELLOW UL1430
™D DATA OUT
4 10 {>‘ 7 12
/ ) 7 W5
c
12 13
R1 #22 BLACK UL1430
GND
12"
9 oé 8
N by —
16 15
O o o vce GND
AN
#26 RED UL1429 MAX220CSE
. cs5 +| C6
* 68uF 68UF
6.3V 6.3V
W4
D
AN
#26 BLACK UL1429
GND
e
-
PO Box 810
V]| LUDLUM  =5icne
Sweetwater, Texas 79556
MEASUREMENTS, INC. U.S.A. 1-800-622-0828
Drawn: CKB | 03/21/2001 Title: RS-232 BOARD
Design:RDS | 11/11/1999 | Model: 2221 E
Board#: 5261-179
Approve: 2B |1 [T 2V /7 | Sheet:1 of 1 Series | Sheet
Print Date: 2/8/2013  1:57:38 PM Rev: 1
W:\Projects\LMI\M 2221\5261-179\rev1.0\261179R1P1.SchDoc 261 1 79

4

|

5




< 1.425—

I\IITElAjSPRIE-NlIg l‘MS, INC.

PO Box 810

501 Oak Street
Sweetwater, TX 79556
U.S.A. 1-800-622-0828

Title: RS-232 BOARD

Drawn: CKB 03/21/2001 Model: 2221
Design: RDS - 11/11/1999 Board#: 5261-179
Approve: gZ//> J/F el /)3 |Rev: 1
7" Print Daté: SCALE: 1.00 |Series|Sheet
2/8/2013 1:57:39 PM Top Overlay |261 |180

W:\Projects\LMI\M 2221\5_261-1 79\rev1.0\261179R1_Manual.PcbDoc




|

81
388
1.5Y

-

fh‘-"

TIOR8
1.8V

8
e

1.8v

Be
o oreioes

bt fe et

+

1.5¥

| —

o
2 D
L

T
TR TR [ fe AW

J7 %
CAL CONTROL CAL 80ARD
7 PIN SIP 7 FIR SIP
- Y
2 s iy
DETECTOR L I
ETECTOR MINDOS KEFERERTE 5
AP TPUT T ] S
e 1 ER Fa
PRI R A 1
[z CVESLDAD 7
o - o | I
e SERVICE A
— s PIN SIP o
- 1
Li WINDOW
Ml = G IN
COUNT TINE >
=t & oo
POS  FUNCTION . L —
1@ HIN 1 51
z B2 N N WY TEST
3 8.5 HIN z i
1 mIN . st GG
s 2w 3 52
& 5§ AN = COUNY €11
71 fIN 8 fr ke POMER
8 CONT
OFF
s N s3
® NG WIN TEST ""”‘"“”C/ij on
PETE R € - el
2 M. & Rk
s
WD 518
i AL SPUNSE
< O
FASY
55
THR YEST i SLoM
, &5
MUBID PULSE SELECT 55 58
< e READCUT
B r‘*»z’-:j 4 ZERD y SCUALER
£ - SERVICE 8 &
= 2] s 14 PIN SIP l D1G. RATE
EIN R gL G -
ALT ACTION _..._____E} 8
P Lane
K2 s R 3 a1
RANGE L LA DISCOMNECT
{] oo 1 # on 2 PIN SIP
P08 FUNCTION - sY = §
1oL i €1 BAT TEST !
2 XM -
4 K@ k3
s w0
& w.u.
7 Ry “%"T
8 %4,
& Ry w1
o f
8 K. 18K
oKL [ % \> YOULLHE
& WU e
] HEADPHINES &
E E SHITOHORAF T-42A
[} L
i3 ot ™
s
RECORDER
2 PIN 6P
RECORDER H
- i AT
~ LUBLUR REASURETENTS INC.
Ry 3/16788
TR = TITLE: wirpg siagean
o . € L
e J/38/9S [B0ARDE  261-8T7
(] 7
,_.A%.— 2. S12E | nODE. GERIES | SMEET
REXT WIGER T D | 2= &
FL R [ -] N LLEEET Y & )

PUTRS

a






