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Local Oscillator/Harmonic Mixer Frequency Measurement System

Introduction

We have constructed a circuit capable of measuring frequencies on the order of 140 Ghz. It was built as a backup to the very expensive EIP counters and requires only a counter capable of measuring up to 3Ghz (We used an HP Model 5386A). The circuit is based a local oscillator and a harmonic mixer. The components were purchased from stock as discrete components

Fig. 1 is a photograph of the assembled system and the circuit can be identified. The signal from the microwave source to be counted is feed into the harmonic mixer along with the output of  a Dielectric Resonant Oscillator  (DRO)  running at 17.5 GHz. The mixer IF output is then run through two amplifiers with a gain of 20 dB each.  The signal from the IF port of the harmonic mixer is the difference between the 8th harmonic of the DRO and the reference signal. It is this signal that serves as the input to the frequency counter. Realize that this system cannot distinguish whether the microwaves input are below or above 140 Ghz. This can be determined, however, by increasing or decreasing the frequency of the microwaves (using the mechanical bellows on the EIO) and observing the effect this has on the measurements.

Operation:


Before turning on the system via the switch be sure the second amplifier output has been connected to a measurement device as an open load may damage the amplifiers.  The red light indicates that power is on.  There is a 250V, 2A fuse on the power converter. 

The DRO puts out a frequency of 17.500 GHz.  This signal goes into the LO end of the Harmonic Mixer.  The microwave signal goes into the RF end of the Mixer.  (NOTE:  The maximum total power that can be sent into the mixer is 100 mW.  And the power from the LO should always be greater than the RF power. Also note that the DRO output power is about 50 mW.  Many frequency counters will be damaged by that much power.  Be sure to insert an attenuator before measuring the LO frequency directly.) 
As can be seen in Fig. 2, the frequency measured by this system is accurate from –600 MHz to –150 MHz and from +150 MHz to +2000 MHz (measured relative to 140.00 GHZ.)  In the 0 MHz +/- 150 MHz range, the readings increase rapidly due to a discontinuity at 0 MHz.  This discontinuity is recorded in Fig. 2 and is probably caused by the limitations of the Amplifiers and of the Mixer itself. This is acceptable.  The upper and lower limits are set by  the operation range of the EIO.  This frequency is changed by mechanically altering the length of a resonance cavity in the microwave generator.  For a given voltage, though, only a certain range of cavity length (and thus a certain range of frequency) will work.   Figure 3 shows a close view of the discontinuity at zero frequency. Fig. 4 is a circuit diagram, including the couplers used during testing.

List of Components

Power Supply
Model: Nemic-Lambda ZWS15-15




Input voltage/current: 120 VAC @ ~0.45 A




Output voltage/current: +15 VDC @ ~ 1A, 1.2 A peak




More info: See www.lambdapower.com/products/zws-series.htm
Amplifiers:

Model: Minicircuits ZFL-2000




Input voltage/current: +15 VDC @ 120 mA (0.1 μF cap kills noise)




Input power: +5.00 dBm input power (no damage)




Output power: +16 dBm output max




Frequency range: 10 – 2000 MHz




Gain: 20 dB (min.), +/- 1.50 Max flatness




More info: See www.minicircuits.com – search model number




NOTE: Do NOT power with open load.
Local Oscillator: 
Model: Miteq DRO-J-17500-HT-ST




Input voltage/current: +15 VDC@ 230 mA (196 mA measured)




Output frequency: 17.500 GHz




Tuning (mechanical): +/- 10 MHz




Output RF power: +17.0 dBm (+18.0 dBm measured), 50 mW




More info: See -wave parameter sheets & manual (red binder)

Harmonic Mixer:  
Model: Hughes (Millitech) 47448H-1002, Serial#: 020




Input frequency: 140 GHz RF, 17.500 GHz LO




Input power: 100mW total between RF and LO (LO > RF)




More info: See -wave parameter sheets & manual (red 3-ring)





      See Hughes catalogue (ask Don)

Fig.1
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Fig. 2
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Linear fit excludes points between –150 MHz and +150 MHz due to discontinuity.

Fig. 3
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Fig. 4
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