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GNSSDO – M9A Block diagram 

 

Features 

• Integrated multi-system GNSS receiver 

• Phase coherent outputs 

• Ultra stable (contains Ultra-High Stability DOCXO) 

• Low noise (close-in and noise floor) 

• Operating temperature range -40 to +70°C 

• Precision free running & excellent hold-over stability 

• Uncompromising, milled aluminum alloy housing 

• Very long – lifetime 

 
Applications 

• Lab equipment 

• Calibration standard 

• Direct reference to the phase synchronization 

loop: VHF, UHF & microwave frequencies 

• Excellent for maintenance-free propagation beacons 

• Fits all telecommunications requirements 

 
Workflow 

Free Run: work without a GNSS antenna (no 1pps pulse) 

Run 1: normal run (flashing R1/R2 led) 

Run 2: slow run (R1/R2 led is on) 

Hold-over: voltage Vc is frozen (GNSS led is off) 
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Technical parameters 

 

Operating Temperature Range -40 to 70 deg C 

Input Voltage Range +12Volts +/-5% 

Power Consumption <5,5W @ 25 deg C, <10W during Warm Up 

Long Term Stability without GNSS (aging – after 30 

days of continuous operation) 

<0,2ppb/day, <5ppb/month, <30ppb/1-year, <20ppb/2-year 

Initial Accuracy – free run, after 20 minutes <5ppb 

Accuracy after 24 hours operation with GNSS locked < 0,1ppb (< 1Hz @ 10GHz, including bad weather) 

Retrace without GNSS < 2ppb (24hrs. off, then 24hrs. on) 

Short Term Stability, tau = 0.2 to 10s < 0,01ppb (tau = 1s  <0,003ppb) 

Antenna Input Socket Type SMA female for active 3,3V GNSS antenna 

GNSS Tracking At -165dbm 

Receiver: GPS/GLONASS/GALILEO/BeiDou, NF=0.65db 

Active Interference Cancellers 

210 PRN/ 66 Acquisition/ 22 Tracking 

SBAS, WAAS, EGNOS, QRZZ, GAGAN support 

Time – To – First – Fix (open sky) cold start 35s, hot start 1s 

Interface UART 9600bps (deafult), NMEA 0183 

Output Socket Type SMA female 

Output Level (in to 50ohm) +13dBm +/- 2dBm (10MHz & 100MHz) 

Harmonics <-40dBc @ 10MHz, <-50dBc @ 100MHz 

Spurious Modulation <-70dBc 

Additional Outputs:  LVCMOS 3,3V 10MHz, 1Hz, 1PPS+/-10nS (when GNSS locked), TXD, RXD, 

SYNC (lights @ pll is locked), Run1/Run2 

Control Voltage output (buffered) Vc – controls the DOCXO frequency (0 to 6V) 

Warm-Up Time (40% less power consumption) 20 minutes 

Packaging Robust, milled aluminum alloy housing 

Weight 695g 

Dimensions I = 138mm, W = 79mm, H = 66mm 

Designed lifetime >20 years 

   Regulatory compliance                                                          CE, ETS 300-019-2-[1,2,3],  EN 50561-1:2013-12, 

                                                                                                      ETSI EN 300 386 V2.1.1:2017-02 

Phase noise L(f), dBc/Hz, typical: 10MHz 100MHz 

1Hz -100 -81 

10 Hz -107 -88 

100 Hz -137 -118 

1kHz -155 -141 

10kHz -165 -158 

100kHz -166 -161 

1MHz -167 -165 
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GNSS clocks provide timing information with the levels of accuracy required for next-generation applications. 

GNSSDO - M9A is a device built in mixed technology (SMD parts enclosed in macro parts) ensuring minimum size, 

weight, consumption and costs. The components are placed on 5 separate circuit boards. A cascade connection 

of low-noise voltage regulators is used for each board separately. The DOCXO frequency (Oscilloquartz OCXO 

86776) is disciplined by the basic cesium standard of the satellite using a GNSS receiver and a microprocessor 

module. The 100 MHz ULN oscillator (Abracon ABLNO-V-100,000 MHz) is phase synchronized with DOCXO to 

ensure its long-term stability and lower noise levels in the narrow PLL loop band. The 1Hz, 10MHz and 100MHz 

outputs are perfectly phase coherent because the 10MHz and 1Hz frequencies are generated by dividers 

synchronized directly with the 100 MHz oscillator without phase loop. Channel amplifiers are preceded by 

cascade buffers ensuring high back separation. To obtain sinusoidal signals, the device is equipped with output 

filters. The device does not contain electrolytic capacitors and other elements subject to rapid aging. DOCXO 

comes from MAVI inventory and this is its first use. The device has been specially designed as the main oscillator 

to multiply to 24GHz and 60GHz and has a much lower phase noise than average sources. Appropriate SMA 

connectors have also been used for this class of devices. Each device is pre-connected to the power supply and 

GNSS antenna and is calibrated minimum after 24 hours of continuous operation. The carefully designed milled 

aluminum alloy housing separates the device from the influence of the environment and guarantees constant 

quality for many years in the temperature range from -40 to +70 degrees Celsius. M9A is a device made in a 

short series of several hundred pieces for demanding customers. DOCXO Oscilloquartz 8676 is difficult to access. 

Similar parameters have available OCXO type AOCJY6-10.000MHz-1, but it contains a single thermostat, so it 

cannot work at -40 ° C 

Note 1 :      

After connecting the device to the power supply, the Vc voltage is applied to the DOCXO oscillator. Vc is set at 

the factory with an accuracy of 0.01 V. This gives the factory setting of the frequency after heating the DOCXO 

with an accuracy of 3ppb. By receiving GNSS signals, the device constantly corrects Vc voltage. The adaptive 

algorithm module works non-stop and aims to achieve frequency accuracy such as the GNSS signal itself. The 

priority during design was to use the highest quality DOCXO, so you can also use the device without connecting 

the GNSS antenna. After a very long period of use, calibration can be performed to ensure the highest frequency 

accuracy in "free run" mode. To do this, measure and record the current Vc voltage after prolonged work with 

the GNSS signal. Vc voltage is available on the device connector. This is the most current voltage ensuring the 

highest frequency accuracy. Then unplug the device from the power source and turn it on again quickly so that 

it does not cool down, but without the GNSS antenna. The device is now in "free operation" mode. Measure the 

Vc voltage again at the device connector. This is the value set for the previous calibration. If the two readings are 

different, the new Vc value can be set using the available multiturn potentiometer. If the device only works with 

the GNSS antenna connected, there is no need to calibrate at any time. 

 

Note 2 :        

If you want to start the cold device as soon as possible, we recommend that you do not connect the GNSS antenna 

for the first 20 minutes of operation. During DOCXO heating, large frequency changes occur, and the adaptive 

algorithm module tries to compensate for them. This extends the self-regulation time. Without the GNSS 

antenna, the voltage Vc is equal to the value set during calibration. When 1PPS pulses appear only after the 

device warms up, the adaptation module has a small task to do. The time to reach full accuracy is then the 

shortest. The same will be achieved if, after the first 20 minutes of operation, we reset the device by briefly 

disconnecting the power supply. In this case, the antenna can be connected at all times. 
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Note 3:        

The M9A module ensures low phase noise without any phase discontinuity during operation. The device works 

very stable even if the GNSS signal is weak or appears sporadically. Unpredictable 1pps fluctuation has no 

negative impact on system stability in the short or long term. Depending on the needs, the device automatically 

selects the type of work: Run1, Run 2 or Hold-over. When DOCXO is cold, the SYNC LED is off. This is a normal 

symptom. If the GNSS LED is flashing and the other LEDs are not flashing but are on for at least 1 hour, the 

accuracy is already <1ppb. 

 

Note 4:        

The M9A has very well buffered output ports to minimize the impact of the load on the generated signals. The 

output frequencies after passing through the filters are pure sine waves with very low harmonic frequency 

content. In addition, 3.3V, 10MHz and 1Hz LVCMOS signals are always available in the socket at the back of the 

device. The 3.3V, 1PPS LVCMOS signal is only available when the GNSS receiver is receiving a satellite signal. M9A 

produces all signals except 1PPS fully phase-coherent. This is important in many applications. Some sources 

assume that this condition is met when the device has a common reference oscillator for different phase loops 

producing different frequencies inside the device. However, the frequencies generated in this way are not 

completely phase-coherent. We can see this by creating two different PLL loops controlled by the same main 

oscillator and producing two the same frequencies. It turns out that after subtracting them from each other in a 

typical mixer, we get subhertz fluctuations at the output instead of the total absence of an alternating signal. 

This is proof that the frequencies generated in this way are not completely phase coherent. This becomes 

especially important when we want to multiply the frequencies obtained in this way to the gigahertz range. At 

high frequencies, such signals mix even more easily, causing mutual fluctuations in the value of several hertz. 

The problem of unwanted parasitic modulations then arises. Modern modulations such as 1024QAM, 2048QAM 

etc. must be free of parasitic phase or amplitude modulations. The M9A electrical system is different compared 

to traditional solutions to maintain phase coherence of outgoing signals. If you want to learn more about this 

topic, you can read the Holzworth Instruments information material. This company takes the issue of phase 

coherence very seriously. 

 

Note 5:      

The 10MHz frequency is a traditional reference frequency commonly used for many years. However, constant 

technical progress has resulted in the appearance of modern integrated phase loops that can compare phase at 

50MHz and even 100MHz. This gives huge benefits for the quality of the signal, including its phase noise. The 

frequency of the main oscillator 100MHz is now becoming the new standard in modern designs. That's why we've 

made both these frequencies available on the M9A.  

  

Note 6: 

If you do not have a 3.3 V GNSS antenna to receive all satellite systems, you can connect a typical 3.3 V GPS 

antenna. This will not affect the device parameters. In this case, you only track GPS satellites. 

 

Note 7: 

RXD and TXD ports are available for communication with the GNSS receiver. 
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GNSSDO – M9A Outline drawing 

 

 
All dimensions given in mm 

  

 

On the back of the device there is a socket with signals for the user.. 

 

 
 

 

R1/R2 - outgoing signals controlling the R1 / R2 diode 

Vc - DOCXO tuning output voltage buffered 

TXD - digital signal output from the GNSS receiver 

RXD - digital input signal to the GNSS receiver 

1PPS - LVCMOS 3.3V 1PPS signal output (active only when GNSS is fix) 

10MHz -  LVCMOS 3.3V 10MHz Signal output 

+12V - 12V power supply output / input 

GND - grounding 

1Hz - LVCMOS 3.3V 1Hz output 

Sync - LVCMOS 3.3V output, high state when 100MHz oscillator is locked, low state when  

   DOCXO is very cold and out of range of the PLL loop 
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GNSS satellites carry exact time from atomic clocks. GNSS receivers generate low jitter pulses without drift. The 

1PPS pulse is an excellent frequency signal with some residual vibration. Short-term fluctuations in the 1PPS 

signal period are in the order of tens ns, which means that the relative frequency changes of the 1PPS signals are 

of this magnitude. To remove this jitter, the M9A adaptive algorithm omits samples that may be considered 

faulty, while others are filtered to indicate signal trend and remove the effect of short-term fluctuations. The 

accuracy of the analysis is greater the longer the sampling takes. In general, the 1PPS signal is only responsible 

for the long-term stability of the device. M9A also has high short-term stability and low phase noise, mainly due 

to the use of high-quality oscillators. The ultra-stable, wide-temperature version of DOCXO was used, which is 

phase coupled with a modern 100 MHz VCXO with very low phase noise. The milled aluminum housing has been 

designed so that the dimensions of the device are as small as possible. The front of the device has SMA sockets 

for 10MHz and 100MHz signal outputs and SMA input for GNSS / GPS antennas. There are also 4 green LEDs 

indicating the operation of the device. On the back of the device there is a 12V, 5.5mm / 2.1mm power socket 

and a 10-pin IDC socket with 2mm pitch. Pin functions are described above. The upper part of the device has 

access to a multi-turn potentiometer setting the voltage Vc. This is the voltage that controls the DOCXO 

frequency when operating without a GNSS signal. The adaptive algorithm changes this voltage (if necessary) 

based on the received 1PPS pulses. During the interruptions in the reception, the voltage is frozen for any period 

of time. When the satellite reception is continuous, the tuning process continues. Only disconnecting the device 

from the voltage causes the loss of collected data, and the Vc value returns to the level set by the potentiometer. 

 

 

 

M9A 

 
Simple GPSDO constructions based on PLL or FLL circuits controlled directly by incoming 1PPS pulses or their 

multiples generate a high jitter signal. In addition, such devices lose accuracy in the absence of a GNSS signal. 

Such signal sources are not suitable for use as the main oscillator of a radio device and even more so for 

multiplying the frequency to the GHz range. 
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The Vc voltage is generated by the M9A microprocessor module based on incoming 1PPS pulses from the GNSS 

receiver. Typical Vc voltage range is 4 to 6 V DC. The adjustment slope is +/- 30ppb / V. The voltage takes the 

value for which the DOCXO frequency coincides with the frequency of the atomic formula of the received 

satellite. In the first hours after starting the device, this voltage changes the most. After several dozen hours of 

continuous operation, the voltage almost stops. Then it changes very little for many months. Each device has 

factory set Vc voltage after warming up for the first 24 hours. After switching on again from this voltage, the 

microprocessor starts the regulation process and corrects this voltage if necessary. This guarantees high accuracy 

of the device immediately after warming up, even without the GNSS signal. In this way, the high quality of DOCXO 

is also used when operating the M9A without a GNSS signal. The most current Vc voltage is always available in 

the output socket and we can measure and compare it with the voltage set during the last calibration. The 

diagram below shows a typical example of Vc voltage change after the first start of DOCXO Oscilloquartz 8676. 

Vc is the voltage at which the DOCXO frequency coincides with the cesium pattern of the satellite at the moment. 

The next time you start DOCXO, the voltage changes are more gentle.  

 

 

Graph of Vc voltage change after first start DOCXO Oscilloquartz 8676 

According to many oscillator manufacturers, the DOCXO stabilization process (i.e. Vc stabilization) in free mode 

takes up to 30 days. Of course, the microprocessor module corrects the Vc value on an ongoing basis when a 

satellite signal is available The algorithm does this in the shortest possible time, depending on the quality of the 

GNSS signal received, 1PPS pulse fluctuations, or even its absence, while maintaining phase coherence and low 

signal noise during adjustment. This feature is crucial when you use the M9A as the main oscillator to multiply 

to the multi GHz range. As the graph shows, at the beginning of the device's operation a faster frequency 

correction is needed, so the microprocessor selects the Round1 operating mode (the R1 / R2 LED is flashing). 

Then we observe the alternating operation of Round1 and Round2 until you only need a very small correction or 

its complete absence in Round2 mode (R1 / R2 LED is on). A well-designed milled housing ensuring shielding and 

even temperature distribution is essential for this class of devices. If the device were made only on a printed 

circuit board intended for installation, it would have accidental shock resistance and would have different 

parameters depending on the location in relation to other elements generating electric, magnetic and thermal 

fields. M9A does not require any adjustment or maintenance after purchase. The above information is mainly 

intended to familiarize with the construction and evaluation of our device. 


