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1. INTRODUCTION 

You’re probably wondering “what is a NACT?”  A NACT is a Network Analyzer Controlling 

Terminal.  It does the Network Analyzer Terminal (NAT) functions plus the Network 

Analyzer Controller (NAC) functions, all in a single, hand-held package.  All you need for a 

fully functional, Scalar Network Analyzer (SNA) is a NACT and a logarithmic power meter.  

This document describes what you need to do to convert your NAT to a NACT.  In other 

words, how to go 

from this: 

 

to this: 

 

This document also describes new features implemented in the Version 3 firmware.   

The conversion requires a few hardware changes and NAT firmware V3.0 or later.  The 

hardware modifications fall into these categories: 

1. Etch changes to properly interface the DDS-60. 

2. Adding the ADC input for reading the power meter output. 

Note that the PCBA modifications described here apply only to Revision A of the NAT PCB.  

Future revisions will have the modifications in etch. 

Besides supporting the DDS-60 interface, firmware functions have been added and 

upgraded to perform the following calibration functions: 



Page 4 of 27 
 

1. Accurately determine the reference clock frequency. 

2. Accurately determine the power meter output curve slope and intercept point. 

3. Capture frequency-dependant calibration constants. 

The firmware also includes the following new features: 

1. New DOS commands allow direct transfer of SD card file data to PC applications 

and terminal emulators. 

2. Remote control in Signal Generator mode is compatible with the PHSNA Windows 

app developed by Nick Kennedy, WA5BDU. 

3. Morse code support to aid identifying output signal in communications receivers. 

Appendix E contains instructions for modifying the standard NAT enclosure (the “NAT 

BOX”) to accommodate connectors for the RF power meter input and the DDS-60 output. 

2. DDS INTERFACE 

The data and clock lines to the DDS-60 were reversed in the PCB layout and must be 

swapped.  To do this, use a Dremel tool with a small burr in it or a sharp X-ACTO knife to 

cut across the two etch runs on the bottom of the PCBA.  Using an X-ACTO knife, carefully 

scratch the solder mask off the two etch runs for about a quarter inch on the connector side 

of the etch cuts.  Try not to scratch the solder mask off any of the ground plane around and 

between the etch runs.  Use flux and tin the bare etch runs and connect them to the IC 

socket pins as shown here.  I used 30-gauge, wire-wrap wire for the connections.  Check 

closely for solder bridges to the ground plane. 
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On the top (component side) of the NAT PCBA, add a small jumper between pins 4 and 5 of 

the connector J5.   

 

On the DDS-60 PCBA, cut or remove pin 4 of the interface connector to avoid grounding the 

+5V regulator output. 
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3. ADC INPUT 

Initially unused I/O pin 6 (AN4) of the dsPIC (U1) is now used to measure the voltage level 

of the RF power meter output.  Since the PHSNA power meter output can exceed the 

maximum voltage level for the dsPIC analog input pin, a simple resistor divider network is 

added at the input connector consisting of a 2.2K resistor in series with the input followed 

by a 3.3K resistor to ground.  The junction of the two resistors is wired directly to pin 6 of 

U1. 

 

 

4. EXTERNAL CONNECTORS 

Both the new ADC input and the DDS-60 output need connectors to interface the DUT and 

the RF power meter.  One approach is to mount two BNC connectors on the NAT PCBA at 

the top (north) end on the component side of the PCBA.  Each connector is positioned in the 

open ground plane area above the DDS-60 connector and extends beyond the PCB far 

enough to fit through new holes drilled in the standard NAT enclosure.  Appendix B of this 

document describes a way to add these two BNC connectors to a revision A NAT PCBA. 

 
Top view 
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    (Note the serial interface is unplugged) 

5. RF POWER METER SETUP 

Use this procedure to set up the PHSNA power meter (III) for use with the NACT.  With 

the output of the DDS-60 connected direct to the RF power meter input and the RF power 

meter output disconnected, use R10 on the power meter PCBA to adjust the power meter 

output to about 5 volts.  Then connect the power meter output to the voltage divider on the 

NAT and, if necessary, adjust R10 until the voltage on U1-pin 6 is 3.0 volts.  This should 

limit the RF power meter output to levels under the maximum voltage ratings of the dsPIC 

analog input. 
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6. NAT FIRMWARE VERSION 3.0 

Firmware version 3.0 includes everything in Version 2.00 plus drivers for the DDS-60 and 

the analog input from the RF power meter.  These interfaces are used only in PLX mode; 

there is no menu mode for DDS-60 operation as there is in the standard and modified 

PHSNA firmware.  In addition to the functions described above, this release also includes 

the following: 

1. Reference clock calibration. 

2. Power curve slope and intercept calculation. 

3. New DOS commands to directly transfer SD file data to a PC application over the 

serial interface. 

4. Remote control via the serial interface. 

 

 

Note the splash screen now includes the slope and intercept values.  To make them easier 

to read, if the screen is touched while the flash screen is displayed. It will continue to be 

displayed until the screen is no longer touched. 
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6.1 SIGNAL GENERATOR MODE CHANGES 

When set up for Signal Generator mode, the NACT firmware will drive either the PHSNA 

serial interface or the DDS-60 interface depending on the setting of the new NAC mode op 

mode.  When NAC mode is specified, the following new functions are available: 

 Two new Signal Generator mode hot-key functions have been implemented to 

determine the reference clock frequency and the power curve slope and intercept 

point.   

 The serial interface processing has been expanded to recognize and execute a 

number of commands allowing remote control of the NACT in Signal Generator 

mode. 

 The VSWR reading has been added to screens when the V op mode is specified. 

6.1.1 Determining the Reference Clock Frequency 

The DDS-60 reference clock source is a 30 MHz oscillator which is boosted to 180 MHz by a 

6x PLL in the DDS.  The stated tolerance for the oscillator is +/- 100 ppm which translates 

to +/- 18,000 Hz at 180 MHz.  The accuracy of the reference clock generator is not important 

if the actual frequency can be accurately determined.  The reference clock frequency is used 

to calculate the frequency control value entered in the DDS to set its output frequency.  The 

accuracy of the output frequency can only be as accurate as the reference clock frequency 

used in that calculation. 

To accurately determine the reference clock frequency, an accurate way to measure the 

DDS output frequency is required.  A precision frequency meter/counter is preferred but a 

communications receiver can also be used.  If a receiver is used and the accuracy of the 

tuning dial is not known, tune the receiver to WWV (e.g., 10 MHz) to accurately set up the 

receiver.  The output of the DDS can then be monitored and adjusted to match the WWV 

frequency.   

The following procedure will determine and capture the reference clock frequency in 

EEPROM: 

1. Set up a PLX form to cover the DDS output frequency to be used and specify 

Signal Generator and NAC op modes. 

2. Start PLX mode and set the frequency to the test frequency (e.g., 10 MHz). 

3. Press CTRL-T.  The sig gen frequency display will change to show the current 

reference frequency (nominally 180.000.000). 

4. Measure the DDS output frequency. 

5. Change the reference clock frequency using the arrow keys (or touch screen) 

until the DDS output frequency matches the selected test frequency. 

6. Press Enter and the reference clock value will be saved in EEPROM and loaded 

every time the NAT is powered up. 

7. Press Escape to exit sig gen mode. 



Page 10 of 27 
 

6.1.2 Determining the Power Slope and Intercept Point 

The output of the power meter is an analog voltage related to the logarithm of the power in 

the RF signal.  The output voltage level is determined using an analog to digital converter 

(ADC) input to the dsPIC.  The voltage read is then converted to dBm by the firmware.  The 

conversion assumes the voltage level varies linearly as a function of the dBm level of the 

input across the range of interest.   

The conversion to dBm uses the following equation:  dBm = A * S + I.  Where A is the ADC 

voltage reading, S is the slope of the linear function, and I is the zero intercept point (the 

dBm level when the power meter output is equal to zero).  We have two unknowns here, S 

and I, so we need two power readings to determine them.  Once they are determined, this 

equation can be used to calculate the power level for all points on the power curve.  One 

way of doing this would be to use a calibrated RF power source, take two readings at 

different known power levels and calculate the two unknown values.  

 Most of us do not have access to a calibrated RF power source.  Also, most of us are not 

interested in the absolute value of the measured RF power level.  Instead, we are interested 

in the difference between two power levels such as the input to and the output from a 

Device Under Test (DUT).  Since we are dealing with logarithmic values, the difference 

between two output power levels should be the same as the difference between the two 

input power levels.  This means we can apply any two input levels to the DUT and be 

assured that the differences between the output readings (in dB) will be the same as long as 

the differences between input readings (in dB) are the same. 

It is much easier to apply two input power levels of a known difference in power level than 

to know the power level of any two input signals with the same degree of accuracy.  The 

easiest way to generate two input levels with an accurately known power level difference 

between them is to use a simple attenuator.  To get the required two readings, input any 

RF signal directly into the power meter and record the output reading.  Then insert a 

known attenuator in series with the same RF signal and record that reading.  You now 

have the data to compute the slope of the power curve.  Since we are only interested in 

power level differences and the differences are independent of the actual input power levels, 

we can arbitrarily assign any level we want to one of the power levels.  This gives us the 

information we need to determine the intercept point. 

The NACT firmware uses this technique to determine the slope and intercept point 

assuming a -20 dB attenuator and a 0.00 dBm (1 mw) power level for the non-attenuated 

RF source.  This means all readings will be expressed in dBm since they would be the same 

as if an accurate 0.00 dBm RF source were applied to the DUT. 

Appendix A describes a simple -20 dB attenuator you can build yourself.  The following 

procedure will calculate and save in EEPROM the power curve slope and intercept point: 

1. Set up a PLX form to cover the DDS output frequency to be used and specify signal 

generator (S) and NAC mode (C) op modes. 
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2. Connect the output of the DDS-60 directly to the input of the power meter. 

3. Start PLX mode and set the frequency to the test frequency.  The frequency is not 

important but should probably be set mid-range in the frequency range of interest. 

4. Press CTRL-S to capture the first power point reading. 

5. Insert a -20 dB attenuator in series with the power source. 

6. Press Enter to capture the second power point reading.  The firmware will then 

calculate values for the slope and intercept point and save them to EEPROM. 

7. Press Space to take another reading using the new slope and intercept values.  The 

power level reading should be approximately -20.0 dBm. 

8. Press Escape to exit sig gen mode. 

NOTE 

This method of determining the slope and intercept point may result in values 

outside of the ranges specified for the device.  The difference is due to our 

arbitrarily assigning one value to 0.00 dBm.  This would only be a problem if we 

were interested in absolute power level readings. 

6.1.3 VSRW Reading Displays 

When V (VSWR) op mode is specified, the current VSWR reading will be displayed on the 

signal generator screen just below the dBm reading.  All VSWR plots will display the 

minimum VSWR reading on the plot. 

    

6.2 DOS CHANGES 

DOS command and file selection is improved in this release and two new DOS commands 

have been implemented. 
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6.2.1 DOS Command Initiation 

Previously, initiating DOS commands using the touch screen required the user to first 

select the file and then the command.  A file selection was required even if the command 

did not require a file name.  This version allows the command and file to be selected in any 

order and a file selection is not required for commands that do not require a file name.  If a 

file is selected before selecting a command not requiring a file name, the file selection is 

ignored.  In all cases, the complete command is displayed on the DOS prompt line and the 

user is asked to confirm before the command is executed.  Entering Escape will abort the 

command and return to the DIR screen. 

6.2.2 New DOS Commands 

Two new DOS command have been implemented to read file data from the SD card and 

transfer it to the serial interface.  File data encoding is assumed to be standard ASCII.  

Appendix C of this document provides some useful information about interfacing the NAT 

to a serial port on a PC. 

 One of the commands (UP Load Data, UPLD <file name>) formats the data for direct entry 

in to an Excel spread sheet running the PLX-DAQ macro.  The start of each line is 

examined and if it does not start with a valid numeric digit (“0” through “9”), the line is 

ignored and not sent to the serial interface.  All lines starting with a valid numeric digit are 

prefixed with the PLX data directive “DATA,” and sent to the serial interface.  The data 

directive instructs the PLX-DAQ macro to load all following comma-separated fields into 

the consecutive columns (starting with column A) of successive rows (starting with row two) 

in the spread sheet.  The macro keeps track of which row is next to load.  The macro’s row 

counter can be reset (to two) by entering a RESETDATA directive from the NAT keyboard 

in terminal mode (refer to the PLX-DAQ documentation for more details). 

The second command (UP Load File, UPLF <file name>) simply transfers the file data as is.  

All data is transferred from the beginning of the file to the end of file as read from the SD 

card; no additional information is added.  File data can be sent, for example, to a terminal 

emulation program.  In this case, the data would be captured in the “terminal” buffer for 

direct examination or could be printed or copied and pasted into another PC application. 

 

6.3 REMOTE CONTROL 

In signal generator mode, the data received from the serial interface is scanned for a set of 

special commands that can be used to control the signal generator and read power levels.  

This command set includes the commands used by Version 1.34 of the stand-alone Windows 

app for PHSNA developed by Nick Kennedy, WA5BDU, for controlling the standard 

PHSNA controller executing a special sketch for this purpose.  The NACT will respond to 

these commands whenever it is in Signal Generator op mode. 
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Each command consists of a single non-alpha/numeric control character which may be 

followed by up to five parameters.  The control character values are such that they cannot 

be generated by the standard or modified PHSNA controller firmware.  The NACT display 

is the standard Signal Generator mode display but the frequency is under control of the 

serial interface.  The following commands are compatible with the Windows app: 

 ENQ (0x05) – Solicits an ACK (0x06) response from the NACT.  This command is 

normally used just to verify that the NACT is connected and ready to receive 

commands. 

 FQU (DC1, 0x11) – Sets the DDS frequency.  The command character is followed by 

five binary characters, least-significant character first, which constitute a DDS 

control word.  The fifth character determines whether the first four characters (32-

bits) are formatted for an AD9851 (fifth character = 0x01 and the nominal reference 

frequency is 180 MHz) or for an AD9850 (fifth character = 0x00 and the nominal 

reference frequency is 125 MHz).  The NACT does not use this control word directly.  

Instead, it uses it to determine the frequency and then uses its reference frequency 

to calculate the control word for the DDS-60. 

 ADC (DC2, 0x12) – Commands the NACT to read the current power level and return 

it as two binary characters, least-significant first.  The raw ADC count is returned 

and the Windows app translates it to dBm. 

 REV (DC3, 0x13) – Commands the NATC to return its firmware revision level as a 

single, binary character representing the version number and release number.  The 

value returned is not currently used by the Windows app; it is only displayed for 

reference.  The V3.0 release of the NACT firmware returns a value of 30 (0x1E) 

which the Windows app will display as “3.0”. 

 MOR (DC4, 0x14) – The command character is followed by a single ASCII character 

that is transmitted in Morse code by keying the DDS-60 output (and the BEEPer).  

Appendix C lists the ASCII characters that will properly translate to Morse code.  

An ACK character is returned after the character has been sent.  This function is 

intended to identify the NACT’s RF signal on a communications receiver. 

 RFY (SO, 0x0E) – Turns the RF signal on. 

 RFN (SI, 0x0F) – Turns the RF signal off. 



Page 14 of 27 
 

 

The following additional command has also been implemented: 

 FRQ (0x91) – This command is similar to the combination of a FQU followed by an 

ADC command except the frequency is expressed in Hz and the power level is 

expressed in dBm.  The command character is followed by only four binary 

characters defining the frequency.  The RF power level is returned as a binary value 

defining the power level in dBm times one hundred (e.g., -84.23 will be sent as -8423 

or 0xDF19 in hexadecimal). 

This last command has the advantage that all the calibration functions are local within the 

NACT and the controlling application does not need to be aware of them.   

When using the Windows app, its parameter.txt file should be set up with the following 

values: 

 Reference Frequency: 180000000 

 DDS device type: 1 (AD9851) 

 Slope:  From the NACT splash screen 

 Intercept Point:  From the NACT splash screen. 

 Six polynomial coefficients C0 - C5:  Determined normally as with the PHSNA 

controller. 

Note that the slope value may look a little strange to those of you familiar with the slope 

calculated by the PHSNA controller.  The difference is due to the PHSNA controller using a 

10-bit ADC and the NACT uses a 12-bit ADC.  If all other things were equal, the NACT 

slope should be about one fourth the value of the PHSNA slope.  This is why you have to tell 
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the Windows app what the NACT slope is.  The results will look very strange if a PHSNA 

slope calculation is used. 

You may also notice a small difference between the Windows app frequency display and the 

NACT frequency display at some frequency settings.  This discrepancy is due to differences 

in precision and rounding techniques used in the two programs/compilers. 

6.4 PLX MODE CHANGES 

In PLX mode, only one interface will be used; either the serial interface to the PHSNA or 

the DDS-60 interface depending on the setting of a new op mode “NAC mode”.  “NAC” 

stands for “Network Analyzer Controller”.  Here is the PLX form setup to sweep 4 to 28 

MHz in 50 KHz steps repeatedly in NAC mode: 

      

When the NAC mode op mode is specified, the DDS-60 interface is driven in accordance 

with the settings specified on page one of the PLX form.  In this case, the NACT directly 

controls the DDS output frequency and steps through the frequency range in steps specified 

by the FREQ ST parameter on the first page of the PLX form.  Calibration and plotting is 

the same as when using the PHSNA controller except the sweep rate is considerably faster.  

Here are an un-calibrated and a calibrated plot made from the above PLX form: 
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Notice the calibrated plot is actually the 61st plot made in automatic start mode.  In this 

mode, pressing Escape once will turn off automatic start mode leaving the plot(s) displayed 

on the screen.  An additional sweep will be done each time the space bar is pressed or the 

touch screen is touched.  In automatic start mode, the plot area will be cleared after every 

100 plots.  With automatic start mode turned off, pressing the Escape key will clear the 

display and switch the NAT to Terminal mode. 

7. CAPTURING FREQUENCY-DEPENDANT 

CALIBRATION CONSTANTS 

The procedure for capturing calibration constants is no different with the DDS-60 as with 

the PHSNA method with the exception that the DDS-60 enable opmode must be specified in 

the PLX form. 

A major enhancement in the V3 firmware is that the calibration constants are saved in the 

EEPROM and the calibration constant buffer is loaded with the last used set every time the 

NAT/NACT powers up.  It is also no longer necessary to clear the calibration constant 

buffer (Ctrl-C) before loading new calibration data; any calibration done when the data is 

loaded is undone before the new data is transferred to the calibration constant buffer and 

the EEPROM.  Clearing the calibration constant buffer (Alt-C) will also clear the saved 

calibration constants in EEPROM.  Also, in this version, the calibration constant buffer can 

be loaded in any mode as long as there is data in the data buffer.  In previous versions, the 

hotkeys Ctrl-C and Alt-C did not work in PLX and DOS modes. 

If the method described earlier is used to determine the slope and intercept point for the 

power curve, the zero cross for the calibration curve will occur at the frequency used to 

calculate the slope and intercept values.  This may result in positive calibration constants 

for frequencies below the calibration frequency and negative calibration constants for 

frequencies above the calibration frequency. 
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APPENDIX A.  -20 dB ATTENUATOR 

A simple -20 dB attenuator can be made using standard-value resistors in a PI network 

configuration.  For 50-ohm input impedance, the series resistor should be 247.5 ohms and 

the two parallel resistors should be 61.11 ohms.  Resistors of these values are available but 

you would have to buy a 2,500 piece reel of each which is not practical.  Instead, I used two 

120-ohm resistors in parallel (60 ohms) for the 61.11 ohm parallel resistors and a 1 K 

resistor in parallel with a 330 ohm resistor (248 ohms) for the 247.5 ohm series resistor. 

 

 

 

  



Page 18 of 27 
 

APPENDIX B.  DDS & POWER METER CONNECTORS 

These instructions are for mounting two BNC connectors to either an existing, fully 

assembled NAT Revision A PCBA.  The BNC connectors are Molex p/n 0731000154 (Digi-

Key p/n WM5281-ND).  Drill the four BNC connector mounting holes according to the 

following drill pattern shown on both the silkscreen and PCB plotter drawing for added 

clarity.  All dimensions are in inches. 
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Two additional holes may be desirable to route the signals to the wiring side of the PCB.  

The power meter connector signal routes to U1-pin 6 through the two-resistor voltage 

divider.  The DDS output signal routes to pin 1 of the two-pin RF OUT connector on the 

etch side of the PCB.  The placement of these holes is not critical. 

After the holes are drilled, the solder mask must be scraped away around the BNC 

mounting holes so the connectors can be permanently soldered to the PCB ground plane on 

the wiring side of the PCB.  If you use a grinder for this, be careful not to grind through the 

copper ground plane around the holes.  I have found that a small (e.g., 2 mm), inexpensive, 

jeweler’s flat-blade screw driver works well for removing small amounts of solder mask.  

Use lots of flux when soldering to the exposed copper. 
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APPENDIX C.  INTERFACING THE NACT TO A PC 

On the NACT serial interface connector, the tip is the Rx or RxD line and the ring is the Tx 

or TxD line depending on whether or not the RS232 interface chip is installed.  The tip/ring 

assignment must be reversed at the PC end of the interface. 

 

To interface to a modern PC, however, a USB to serial interface adapter may be required.  

There are many such devices on the market for use with TTL voltage levels or RS232 

voltage levels.  Most of the RS232 voltage level adapters come with a DB9 9-pin connector 

so you will need an adaptor cable to interface to the NACT’s serial interface connector. 

The TTL voltage level versions of the adapter mostly come on a small card with a USB 

connector on one end and a male, six-pin connector on the other end.  Here is a link to the 

device I am using: 

http://www.ebay.com/itm/CH340-USB-To-RS232-TTL-Auto-Converter-Module-Serial-Port-

Arduino-STC-TA-02L-/201000826607?ssPageName=ADME:L:OC:US:3160  

Three pins are used for TxD, RxD, and ground; the other three pins are for selecting 5V or 

3.3V signal levels.  I made a short cable from shielded, two-conductor audio cable stock with 

a female, in-line stereo jack at one end and two poke-on connectors on the other end.  One 

poke-on connector is a single-pin connector for the ground connection; the other poke-on 

connector is a two-pin connector for the RxD and TxD lines.  This arrangement allows me to 

reverse the TxD/RxD pin assignments by simply reversing the two-pin connector. 

      

The signal voltage level is selected with a two-pin jumper used to sort the Vcc connection to 

either 5V (from the USB connector) or 3.3V (from a simple resistor-zener diode voltage 

regulator driven by 5V).  I normally have mine set for 3.3V as shown in the above pictures. 
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APPENDIX D.  MORSE CODE CHART 

The set of Morse code characters sent by the Windows app for PHSNA includes the 

following standard set of ASCII characters: 

, COMMA 

- DASH 

. PERIOD 

0 – 9 DECIMAL DIGITS 

; SEMI-COLON 

? QUESTION MARK 

@ AT SYMBOL (ac) 

A – Z UPPER CASE LETTERS 

The following special characters have been assigned Morse code prosigns: 

: kn – Kalled statioN only 

< ar – All Right (end of message) 

= bt – separator 

> sk – Silent Key (end of contact) 
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APPENDIX E.  NAT ENCLOSURE MODIFICATIONS 

The template on a following page can be used to prepare the recommended “NAT BOX” 

(Hammond P/N 1591XXGSBK) to hold the completed and modified NAT/NACT assembly.  

The right half of the template can be used alone to add the holes for the BNC connectors to 

an existing NAT BOX. 

To use the template, print a copy and check the 6.000 inch dimension line to make sure the 

copy is accurately scaled.  If it is not, you may have to adjust the scaling in your printer (or 

copier).  You want the 6.000 inch dimension to be as close to 6 inches as possible.  Once you 

have the template properly sized, proceed as follows: 

1. Cut the template out along the heavy straight, solid lines.  Ignore the optional and 

circular cuts for now.  You may find alignment to be easier if the template is printed 

on heavy paper or card stock. 

2. Carefully fold the template along the four fold lines.  Run 

your finger over the folds to get a sharp crease in the paper. 

3. Fit the folded template to the Hammond box and attach 

with tape.  Pay particular attention to get the top of the 

template aligned with the top of the box.  Note there is a 

draft angle in the injection molded box so the template will 

not necessarily fit snug along the bottom corners. 

4. Drill the holes using the size drill called out on the 

template.  For the BNC connector holes on the top of the 

box, only drill the 3/16” pilot holes.  For best results use a 

drill press and very sharp drill bits.  I prefer brad point 

drill bits because they tend to not wander and cut clean.  

Drill with minimum pressure and take your time.  It may 

help to use a sharp center punch to better mark the hole 

centers and help aligning the drill bit with the template 

pattern.  If you are holding the box in a vice, put two small 

pieces of ¾” wood in the box to keep from crushing the soft 

plastic. 

5. Drill the BNC holes with a 5/8” drill.  I used a flat blade drill bit with a brad points 

on it.  The center brad of the drill bit will be properly positioned by the 3/16” pilot 

holes.  Again, use a sharp drill bit and go slow. 

6. Securely clamp the box to a bench top with the bottom 

down and the side towards you as shown here.  Make the 

two rectangular cutouts by cutting the four vertical lines to 

the depth shown.  These cuts can be made with a hack saw 

or a side cutter.  Use a sharp utility knife to score across 

the bottom lines of the two cutoffs and push them in to the 

box until they crack and can be removed. 
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7. If desired repeat the process to make the optional cutout for SD card access on top of 

the box.  Also do the same for the easy assembly/disassembly cutouts.  I recommend 

doing one or both of these sets of cutouts to make an easier job of disassembling the 

unit.  More about that later. 

8. After all the drilling and cutting there are bound to 

be some rough edges and burrs around some of the 

cuts.  Use a file to clean up the edges and a scrap of 

sand paper to eliminate the burrs and smooth the 

edges around the cutouts. 

9. There are two ways the NAT PCBA can be mounted 

in the box.  It can be attached to either the base or 

the cover of the box.  I prefer the cover. 

 

      
        base-mounting                                      cover mounting 

 

10. The PCBA mounts to the base on 7/16” standoffs (Mouser P/N 761-4533-440-AL-7 or 

McMaster-Carr P/N 93505A812); use ½” standoffs (Mouser P/N 761-4534-440-AL-7 

or McMaster-Carr P/N 93505A815) to mount it to the cover.  If the standoffs are of 

the girl-girl variety, it will be necessary to drill 

holes through the center of the mount points in the 

box or cover so the standoffs can be secured with 

screws.  I believe a better approach is to use boy-

girl standoffs with 4-40 threads on the male end.  

These standoffs can be screwed directly into the 

mounting holes eliminating the need for the 

external screw heads.  Best to use a nut driver for 

this and screw each standoff in until it is just snug.  Be careful not over tighten 

them and strip the threads out.  Also, when you screw the PCBA into place, just 

snug the screws down, do not use much torque, it’s not needed.  I found that the 

holes in the PCB don’t always align perfect with the mounting holes in the case.  I 

also found that when mounting to the cover, I was able to “coax” the standoffs to 

lean enough to allow all four screws to be used.  When mounting in the base I found 

that the most I could usually get in was three of the four screws, which is enough. 
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11. If you use the cover mount, there is interference between two of the standoffs and 

the display assembly.  This is easily overcome by using a nibbler to notch the display 

assembly’s PCB as shown here. 

       

 

Things to watch out for: 

 When fitting the NAT PCBA into the box do not press down hard with the power 

switch button protruding through its opening in the side of the box.  It is very easy 

to damage the switch this way. 

 The BNC connectors may not stick out of the box far enough for the cable connection 

to be made without the end of the BNC cable going into the hole.  If the holes are not 

just right and there is too much interference with the cable connector, enlarge the 

hole where there is interference.  This can be done easily with an X-ACTO knife. 

 If you choose not to make the easy assembly/disassembly modifications you will find 

that everything goes to gether smoothly and the top cover assembly will snap into 

place.  The snap is caused by the power switch push button and the stereo audio jack 

popping into their respective holes.  To remove the assembly you will have to press 

something against the power switch button to push it in beyond the outer wall of the 

box and, at the same time, pry and bend the corner next to the stereo jack to free it 

from its hole while you pull the top cover up until the board is free of the base and 

can be slid back to free the BNC connectors. 
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SD Card (0.50" x 
0.40")

Additional Cutout 
for Full-Sized SD 
Card (1.00" x 0.40" 
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SD Card openings are 
0.30" high.

OPTIONAL EASY ASSEMBLY
CUTOUTS

Make these cuts on either 
the Box top or side or 
both for easier assembly 
and disassembly

Align this edge 
of the template 

with the top 
edge of the 

box.
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APPENDIX F.  NAT BOX COVER CUTOUT GUIDE 

The last page in this appendix is a dimensioned drawing for a pattern to be used with a 

router table to mill the cover opening for the display.  The pattern is made from four pieces 

of ¾-inch stock, preferably MDF, glued together.  A 1/8” straight bit is used to do the 

routing with a 5/8” OD guide bushing. 

   

Note that the dimensions reference from the cover mounting holes, not the edges of the 

cover.  The routing pattern uses 6-32 machine screws for alignment pins to align the 

cover with the pattern.  The holes are counter-bored deep enough to recess the screw 

heads, nuts, and washers.  The drawing shows holes for four alignment screws but two 

on either diagonal should be sufficient. 

       

The pattern could also be used with a hand-held router with the 5/8” guide bushing 

mounted to the router base.  In this case, an oversized router base would be desirable to 

avoid tipping the router during the cut.  The drawing could also be used to mark and cut 

the display opening by other means.   
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For routing, use a 1/8" straight bit with a 5/8" guide 
bushing.  Set the router speed to its highest setting.

NAT BOX COVER CUTOUT 
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