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COPYRIGHT 
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All Rights Reserved. 
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permission. 
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All other brands or products mentioned are trademarks or registered trademarks 
of their respective holders and should be treated as such. 

CONTACT INFORMATION 
Applied Physics Systems 
Corporate Headquarters 
425 Clyde Avenue 
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FEATURES 
• Miniature size: 0.785” diameter x 1.430” height 
• High accuracy over the -20°C to +85°C temperature range 
• Higher temperature models available 
• High shock and vibration tolerance 
• Rugged hermetically sealed packaging 
• Low noise level 
• Low temperature coefficient bias and scale factor 
• Digital interface 

 

APPLICATIONS 
• Navigation systems 
• Inertial guidance systems 
• Magnetic anomaly detection 
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• Electronic compass applications  
• Measurement of the Earth’s magnetic field 

 

1 – INTRODUCTION 
The technology employed in the Applied Physics Systems magnetometer product 
line is generally referred to as a fluxgate technology. Fluxgate magnetometers 
employing saturable cores driven by a high frequency carrier parametrically up 
convert low frequency magnetic field variations to sidebands on the carrier. This 
approach produces a low noise, high accuracy sensor; noise level of 0.2 
nanotesla RMS/√Hz and an offset drift of less than 5 nanotesla/°C are 
specifications for the Model 20 fluxgate magnetometer system. 

The fluxgate magnetometer electronics consists of a miniaturized 3-axis servo 
system which nulls magnetic field changes applied to the saturable cores. This 
design produces a very linear response over the entire dynamic range of the 
system. 

Figure 1 shows the external dimensions of the Model 20. Specifications are shown 
in Table 2. The outstanding performance parameters of these systems are the 
bias and scale factor stability over temperature and time. 

The Model 20 system outputs include 3-axis analog outputs plus a serial digital 
interface. As an option, internal compensation of the system bias and scale factor 
can be ordered.  
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2 - SYSTEM SPECIFICATIONS 
Specifications are shown in Table 1. The outstanding performance parameters of 
these systems are the bias and scale factor stability over temperature and time. 

Specifications are subject to change without notice. 

 

Table 1 System Specification 

ELECTRICAL 
Input Voltage Range  + 5 V ± 0.1 V 
Current Draw 35 mA 
Polarity Positive output for all axes results when field is 

applied in positive X, Y, and Z directions. 
Digital Output Protocols  ASCII, Binary 
Baud Rate (User 
Selectable)  

1200, 2400, 38400 

Analog to Digital 16 bit 
ENVIRONMENTAL 
Operating Temperature 
Range  

-20°C to +85°C 

PERFORMANCE 
Analog Dynamic Range 1.2 x 10-4 Tesla (1.2 Gauss) 
Noise Level (analog) < 0.2 nanotesla RMS/√Hz (.002 mG RMS/√Hz) 
Linearity @ full scale > 0.1%  
Frequency Response DC to 300 Hz (-3 dB) 
Digital LSB Resolution 3.7 nanoTesla (37 µGauss) 
SCALE FACTOR 
Analog Scale Factor at 
25°C 

3 V/100 microTesla (3V/Gauss) 

Temperature Sensitivity 
of Scale Factor 

< ±5 nanoTesla/°C (±.05 mGauss/ °C) 

BIAS  
Initial Bias at 25 °C < ±100 nanoTesla (< ±1 mGauss) 
Temperature Sensitivity 
of Bias 

< ±150 ppm/ °C 

Orthogonality between 
axis 

< ±2° 

https://www.appliedphysics.com/
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PHYSICAL 
Size (cylindrical shape) 0.785 inch diameter x 1.430 inches height 
Size (side mounted 
rectangular shape) 

 

Weight 30 grams 
Packaging Hermetically sealed nonmagnetic nitronic 50 

enclosure 
 

Specifications are subject to change without notice. 
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3 - MECHANICAL FEATURES 
Standard Packaging 

Figure 1. Model 20 Mechanical Drawing (Cylindrical Packaging) 

 

 

Figure 2. Model 20 Mechanical Drawing (rectangular) 
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4 - ELECTRICAL INTERFACE 
The Model 20 system outputs include 3-axis analog outputs plus a serial digital 
interface. As an option, internal compensation of the system bias and scale factor 
can be ordered. This internal compensation increases the system accuracy over 
temperature and eliminates the need for the system user to perform external 
temperature compensation. 

 

Figure 3. Model 20 Block Diagram 

 

 

The pinouts for the Cylindrical Packaging is below: 

Table 2. Model 20 Pin Connections for Cylindrical Packaging 

PIN FUNCTION 
1 Z Output 
2 Serial In (TTL) 
3 + Voltage In (+5 V) 
4 NC 
5 Serial Out (TTL) 
6 Ground 
7 X Output 
8 Y Output 
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The pinouts for the Rectangular Packaging is below 

Table 3. Pinout for Rectangular Packaging 

PIN FUNCTION 
H1 + Voltage In (+5 V) 
H2 - Voltage In (-5 V) 
H3 Ground 
H4 Y Output 
H5 Z Output 
H6 X Output 
H7 Serial In (TTL) 
H8 Serial Out (TTL) 
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5 – MODEL 20 SENSOR COMMANDS 
Magnetometer  Sensor Constants All constants are stored as hex values but can 
be entered in decimal format using the XwcYiZ format  e.g. 0wc21i100<CR>;this 
command stores the hex value 64 in constant 21.    

 

Table 4. Model 20 Sensor Constants 

Byte 
Constant 

Function 

00 
Sensor Address 0-98 (decimal input format), default 0. 
Address 99 is unique and can be used to issue commands 
regardless of the actual system address. For instance the 
command 99sd will cause the system to respond and send data 
regardless of the system address. 

01 
Auto Send Flag. 01=5A to start auto sending on power up, default 
01=0 

02 
Correction Level. Set data correction level for ASCII transmissions, 
default 02=01  
02=00 Send raw A to D count value 
02=01 Send calibrated data (in Gauss) 
02=02 Send both temperature uncalibrated 

and temperature calibrated data 

03 Sensor serial number default 0 

04 Not Assigned 

05 Not Assigned 

06 Clock frequency adjust, default 66 

07 If zero, don’t do Ortho Correction 

08 
Auto Start Mode, default 08=01 

00 
Send one ASCII data packet on power up 

01 
Continuously send ASCII data packets on power up 

https://www.appliedphysics.com/
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11 
Continuously send binary data packets on power 
up 

09 
Baud rate lock 
09=5A for any baud rate other than 9600, (default 00) 

10 
Power On Baud Rate  
if binary constant 09=5A, default 10=11  
To change the baud rate with any of the commands listed above, 
set binary constant 09=00. Once the baud rate is set to the 
desired value, set 09=5A once again. 

10=10 Baud rate 1200 

10=11 Baud rate 2400 

10=12 Baud rate 38400 

11 
Running Average 
 
The maximum A to D conversion rate is 20 samples per second. 
(Values of constant 11 less than 6 behave as if the value is set to 
6.) 

12 Auto Send Delay 

The default is 100 decimal (64 hexadecimal).  

13 Command Echo Flag.   

Set constant 13 to a nonzero value to stop the echoing of input 
commands. Turning off echoing also turns off the power on 
output message. (Default 0) 

14 
Temperature correction value at 25C  
 
If the temperature measured at 25C is too high by 3 degrees then 
set constant 14 to +3. 

15 
Temperature correction value at 100C   
 
If the temperature measured at 100C is too low by 2 degrees then 
set constant 15=-2. 

16-75 Reserved for internal calibration 

https://www.appliedphysics.com/
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6 - ASCII COMMANDS 
 
The Model 20 sensor transmits data in the following formats: ASCII and binary. 
ASCII - The ASCII protocol is based sending ASCII characters (commands) to the 
Model 20 to obtain data.  
 

Table 5. Model 20 ASCII Commands 

Commands Function 

XSD 
X Send Data where X is the sensor address (0 to 98) 

ALD 
All Latch Data  
All sensors listening acquire and store data for later transmission. 

XST 
X Send Temp, where X is the sensor address and Temp is the 
system temperature in degrees Celsius 
 
When the command ALD is issued the magnetometer latches and 
stores the data and upon the next XSD command sends the 
latched data. After  sending the latched data, the system returns 
to a free running state sending the latest conversion when 
replying to further XSD commands. 
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6.1 - MODEL 20 ASCII MEMORY ACCESS 
COMMANDS 
 

Table 6. Model 20 ASCII Memory Access Commands 

Commands Function 

0L 
ZeroL 
Enables a write of system constants. Sensor response to this 
command is "Enabled". Note that 0 is not the system address 

XwcYbZ<CR>     
System constant write format using hex data  
where X is sensor address,  
Y is the constant  to be written to,  
Z is hex data to be written and <CR> is a carriage return. 
When the carriage return is typed the sensor transmits the 
entered value for the constant. If the format is incorrect the 
sensor transmit the message "Error incorrect format" 
 

XwcYiZ<CR>     
This command is similar to the preceding command except the 
data to be is Is in decimal format 

XscYb 
System constant read format where X is sensor address and Y is 
system constant. Data read is in hex format 

Xsc*b 
Read all system constants where X is sensor address and * is a 
wildcard. Data read is in hex format 

Xsc*i 
Read all system constants where X is sensor  address and * is a 
wildcard. Data read is in integer format<XMSB><XLSB>< 

Xst* 
Send all temperature sensor calibration data where X is the 
sensor address 
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6.2 - MODEL 20 BINARY MEMORY ACCESS 
COMMANDS 
 

Table 7. Model 20 Binary Memory Access Commands 

Commands Function 

0x80 
Send Binary Data (Hex Command) 
Binary data is sent in two bytes with MSD sent first. Full scale is ± 
0.68 Gauss. Multiply magnetic field value in Gauss by 30,000 to 
obtain the binary data. Use twos compliment for negative 
numbers. See Binary packet structure below.  

 

Binary packet structure:             
           

<0X06><0x01><ADDR><XMSB><XLSB>><YMSB><YLSB>><ZMSB><ZLSB> 

<TempH><TempL><RPM-H><RPM-L><CRC1><CRC2> <0X06><0X04> 

 

where <XMSB>is the X axis most significant byte, <XLSB> is the X axis least 
significant byte etc.  

Temp is the system temperature and <CRC1><CRC2> is a 16 bit Cyclic Redundancy 
Character calculated from <XMSB><XLSB><YMSB><YLSB><ZMSB><ZLSB><Temp>.  If 
0X06 occurs in the data or temp bytes substitute an additional 0X06. 

All occurrences of the 06 byte in the data section will be doubled to 06 06.  06 is 
used as a control token, so doubling it indicates that it should be treated as 
data.  If you plan on performing a CRC calculation, all instances of 06 06 in the 
data should be converted to a single 06 beforehand. 

Example 

Below is an example of a binary packet (converted to hexadecimal). 

06 01 80 00 00 4B 8E C8 BE 00 26 00 00 A6 12 06 04 

Performing a CRC calculation on the bytes in red (excluding the leading 06 and 
the 06 04 tail but including the CRC) should result in zero.  

https://www.appliedphysics.com/
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