Intech PA8-60 amplifier setup & test procedure

This procedure covers how to setup the FET bias in an Intech or Cubic amplifier model PA8-60, whether it is a new amplifier being setup for the first time or after replacing one or more FET’s on a PCB from an existing amplifier. It also covers adjusting the phase delay and performance testing the amplifier.  
Equipment needed :

 HP 8753C Network analyzer, s/n 3025A01102, Fermi # 71740 
 HP 85047A S-Parameter test set, s/n 2936A01339, Fermi # 75132
 Bird RF Power analyst model 4391, s/n 2359
 1000W 25-60 Mhz Forward power element for Bird power meter
 100W 25-60 Mhz Reflected power element for Bird power meter
 HP 8508A Vector Voltmeter, s/n 2812U00172, Fermi # 73695
 HP 85081B Vector Voltmeter pick-off probes input module
 HP vector voltmeter kit
 HP E4400B Signal Generator, s/n US39270612, Fermi # 87015
 Tenuline Coaxial attenuator model  8327-300, 30db, 1000W, 50 ohm
 Type N 20db attenuator labeled #1
 EMI DCPS 60V 200A
 Intech amplifier test box
 Inmet corp. 100W 20db attenuator p/n  1n100W-20, s/n 3
 Type N 20db attenuator labeled #2
 DMM
 Tektronics 2465 oscilloscope with 10x probe modified with short bus wire ground

Notes:
 
The Intech amp test bench in the MI PA room, Rm 115, has been set up for testing amplifiers with LCW and all equipment listed in this procedure should be on or near this bench.
 Vcc = 47.2 VDC measured @ PCB power input P1A or P1B
LCW flow to Intech amp = 2.5 - 3 GPM
Cable J7 for the test setup measures 145.3 degrees @ 53.0 Mhz with a type N bullet
Cable J6 for the test setup measures 149.8 degrees @ 53.0 Mhz with a type N bullet
Cable from Intech amp output to Bird power meter input measures -55.6 degrees @ 53.0 Mhz with a type N bullet
Measurements of these cables were taken using the vector voltmeter and signal generator listed above,
Using the vector voltmeter calibration kit tee in the center and pickoff tees with 50 ohm terminators on each end, zero the voltmeter and insert the cable being measured in the B side with a type N bullet.
R60 & R65 on each PCB are used to measure the FET bias current (2 channels per PCB), most are 0.03 ohms but a few are 0.025 ohms.
R65 on PCB-1 is used to measure channel  A output FET current and channel B driver FET current.
R60 on PCB-1 is used to measure channel B output FET current and channel A driver FET current. 
There are 3 Inmet  100W 20db attenuators marked s/n 1, s/n 2 and s/n 3
Attenuator s/n 3 was used for calibration of all Intech/Cubic amplifiers
All 3 attenuators were measured using HP vector voltmeter and probes listed above with a 53 Mhz 0  dbm signal input to the attenuator thru a type N elbow .
s/n 1 measured 20.20 db, -28.1 degrees with a Type N elbow on the input.
s/n 1 with 20 db type N attenuator s/n 2 measures 40.0 db, -32.6 degrees.
s/n 2 measured 19.88 db, -28.3 degrees with a Type N elbow on the input.
s/n 2 with 20 db type N attenuator s/n 2 measures 39.8 db, -32.8 degrees.
s/n 3 measured 19.70 db, -27.6 degrees with a Type N elbow on the input.
s/n 3 with 20 db type N attenuator s/n 2 measures 39.6 db, -32.2 degrees.
The Bird power meter forward power element listed has been lost/damaged? The element now being used is 1000W 50-125 Mhz and reads power @ 53 Mhz differently than the 25 -60 Mhz model so the power meter values described in this procedure may not match the values that you measure during testing.
1 watt pre-amp schematic – ED-182180
Dual 230 watt amplifier schematic – ED-182155
Output combiner – EC-182182

Network analyzer setup and calibration

There are two different setups for the network analyzer that are to be saved internally. The first is for sweeping frequency at a fixed power level and the second is for sweeping power at a fixed frequency.
Setup 1: The network analyzer should be set up for dual screen mode, S21 measurement, format the upper screen for phase and the lower screen for magnitude. Start frequency = 20 Mhz, stop frequency = 100 Mhz. Number of points = 1601. Set the upper screen for 5 degrees per division, reference value = 60 degrees, electrical delay = 21.5 nsec. Set the lower screen for 1 db per division, reference value = 50 db. Set marker 1 at 30 Mhz, marker 2 at 53 Mhz, marker 3 at 80 Mhz and marker 4 at 37 Mhz. Set the output power to +15 dbm for calibrating the instrument with the 50 db attenuation of the set up.
Calibration: Connect the amplifier as in test setup #1 (see diagram for test setup #1). Disconnect cable J7 from the amplifier input and remove the Type N – BNC adapter, install a Type N bullet. Disconnect the short cable with the Type N elbow from the amplifier output and connect the elbow and cable to the Type N bullet in cable J7. Now the path from the analyzer output (port 1) should go through cable J7, a Type N bullet and elbow, a short cable then the Bird power meter, the 30 db attenuator and the 20 db attenuator, a Type N elbow, through cable J6 back to the analyzer (port 2). Now do a response, through calibration and save the setup to recall 1.
After an amplifier is setup and tested the plots are taken with the averaging on 16 samples.  All of the amplifiers have data along with these plots in 5 binders in room 114. 
Setup 2: The network analyzer should be setup for dual screen mode, S21 measurement, format the upper screen for phase and the lower screen for magnitude. Power sweep with center frequency = 8 dbm, span = 16 dbm, CW frequency = 53 Mhz, number of points = 1601. Set the upper screen for 5 degrees per division, reference value = -151 degrees, electrical delay = 21.5 nsec.  Set the lower screen for 1 db per division, reference value = -.45 db. Set marker 1 at 14.8 dbm, marker 2 at 7.7 dbm, marker 3 at 16.0 dbm and marker 4 at 0 dbm. The power sweep measurement was done on all of the solid state amplifiers with no calibration of the network analyzer. Save this setup to recall 5.
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Before energizing an amplifier for testing

Before turning on the 60V 200A EMI PS check the following:
Connect the amplifier as in test setup #1.
 LCW flow should be 2.5 – 3.0 GPM per amplifier chassis as measured by the sight glass mounted on the wall to the left of the test bench, 2 amplifiers can be connected to the LCW simultaneously.
The safety ground should be connected via crocodile clip to the right rear side of the amplifier chassis.
Check all of the grounding screws holding the PCB’s to the heatsink backing plate to make sure they are tight, there are 8 screws in each PCB.
Check the DC power input screws P1A and P1B on each PCB to make sure they are tight.
Check the value of R60 and R65 on each PCB, most are 0.03 ohms 1% but some are 0.025 ohms 3%. These resistors are used to measure the FET current in each channel on the PCB, there are 2 channels on each PCB.
Check Intech amp test fixture to make sure the gate bias switch is in the off position.

Setting the FET bias

 If you are Performance testing an amplifier that was previously in service, you should skip this step and move to the next section of this procedure, RF power balance. If you are testing an amplifier after replacing one or more FET’s or if you are testing a new production amplifier that has not been set up yet, you will need to follow this part of the procedure for setting the FET bias. 
The FET bias current is measured by the voltage across R65 and R60 on each PCB. These should be 0.03 ohm 1% resistors but a few amplifiers have 0.025 ohm 3% resistors. When measuring across a 0.03 ohm resistor, 3mv = 100ma of FET bias current. When measuring across a 0.025 ohm resistor, 2.5mv = 100ma of FET bias current.
 Measuring across R65 gives you the sum of the FET bias currents for channel A output FET and channel B driver FET. 
Measuring across R60 gives you the sum of the FET bias currents for channel B output FET and channel A driver FET. 
This is because T8 is not installed in the PCB and it is a multipurpose PCB. A typical output FET, MRF151G, is biased between 500ma and 600ma per side. It is a dual FET package with individual bias circuits, so when both sides are biased at 600ma the total FET bias is 1.2 amps for a single output FET. A typical driver FET, MRF148A, is biased between 300ma and 500ma. 


Channel A driver FET MRF148A bias is controlled by pot R10 
Channel B driver FET MRF148A bias is controlled by pot R11 
Channel A output FET MRF151G bias is controlled by pots R2 and R3 
Channel B output FET MRF151G bias is controlled by pots R5 and R6 


If you are setting up a new production amplifier set all the FET bias pots to 0 volts by turning them fully CCW, they are 10 turn pots. Disconnect cable J7 from the amplifier input, there is no need to terminate the input but you can if you would like. Turn on the EMI PS, with the gate bias still off measure the DC voltage at P1A or P1B on either PCB and set the PS voltage for 47.2VDC. Turn on the gate bias on the amplifier test fixture, all 4 meters on the test box should read 0 amps. Using a DVM measure all the FET gates to make sure they are all 0 volts. The following procedure is based on R60 and R65 being 0.03 ohm resistors. Carefully measure the voltage across R65 with a DVM set on DCmv while turning pot R2 CW until you measure 16.0mv, now turn pot R3 CW until you measure 32.0mv across R65. Now turn pot R11 CW until you measure 45.0mv across R65. Carefully measure the voltage across R60 while turning pot R5 CW until you measure 16.0mv, now turn pot R6 CW until you measure 32.0mv across R60. Now turn pot R10 until you measure 45.0mv across R60. The FET bias currents are now set at 533.3ma per side on the output FETs (MRF151G) and 433.3ma on the driver FETs (MRF148A). This is usually a very good starting point for setting the gain of the amplifier. Repeat this procedure for the other PCB. Check the meters on the amplifier test fixture, they should read close to 1.5 amps on each meter. The voltage that drives the meters in the test fixture and in the metering chassis actually is the voltage across R60 and the 12A fuse F?, or R65 and the 12A fuse F?, with the IR drop across the fuse calibrated out. But if the fuse is not seated properly in the fuse clips there will be a voltage drop that will cause the meter to read higher than it should. To check this you can use an insulated rod or tweaker to apply slight pressure on each end of each fuse while watching the associated meter on the test fixture, get the meter to read the lowest possible value. They should all be close to 1.5 amps. If the fuse is blown the meter will read full scale.

If you are setting up an existing  amplifier that had one or more FETs replaced but not all, you only need to turn the bias to 0V for the FETs that were replaced, by turning their bias pots fully CCW. Then turn on the EMI PS and the gate bias switch and measure across the appropriate resistor R60 or R65 and increase the voltage by 16.0mv for each side of an output FET  MRF151G, or by 13.0 mv for a driver FET  MRF148A. Check the fuses to make sure they are seated properly by using an insulated rod or tweaker to apply slight pressure on each end of each fuse while watching the associated meter on the test fixture, get the meter to read the lowest possible value.
RF power balance

Turn the gate bias off and reconnect cable J7 to re-establish test setup #1. Set the network analyzer output power to 0 dbm, set the center frequency to 53 Mhz and set the frequency span to 0. This network analyzer with the separate S parameter set has an output that is approximately 5 db below the value on the instrument. (When it is set for 0 dbm it actually puts out -5 dbm) Turn the gate bias on and observe the output power on the Bird power meter, it should be approximately 30 watts. Observe the meters on the test fixture, they should only be around 2 amps each. Increase the network analyzer output power to 5 dbm, the output power should be approximately 90 watts and the currents should be 3 amps and close to equal. If any of the meters is not showing an increase in current use the DVM and carefully measure the voltage across the appropriate resistor to measure the FET current and compare that to the other channels in the amplifier. If the current is low there may be a problem in the amplifier and you will need to troubleshoot and resolve the problem before continuing. With all 4 channels of the amplifier contributing to the total output power, increase the network analyzer output power to 10 dbm. The power meter should read approximately 325 watts and the meters on the test fixture should read 5 amps. This is when you need to carefully measure the FET currents with the DVM and try to balance the 4 channels by tweaking the driver FET bias with the RF on. Try to set all 4 channels for 5 amps which is 150mv across the 0.03 ohm resistor.
If the power sharing looks reasonable increase the network analyzer output power to 15 dbm.  Use caution to not leave the amplifier running CW at this power level for more than a few minutes at a time. The power meter should read 875 watts and the FET currents should read 8 amps. Increase the network analyzer output power to 16 dbm, the power meter should read 1000 watts and the FET currents should measure 9 amps. Carefully measure the FET currents with the DVM and do the final tweaking of the driver FET currents to make each channel measure 9 amps which is 270mv across the 0.03 ohm resistor. Turn the network analyzer output power to 0 dbm. Disconnect cable J7 from the input to the amplifier and check the meters on the test fixture, the bias currents should all be 1.4 to 1.8 amps. 
If you are unable to achieve equal power sharing for a total of near 1000 watts you will need to evaluate each channel of the amplifier, if one channel is low it can decrease the total output power. It is not uncommon to find low gain FETs in the stock of replacements for both the driver and output FETs. To measure the RF voltage at the PCB use the Tektronics 2465 with the 10X probe modified with a short bus wire ground tab. 
The following data was taken on Intech amplifier s/n 37 after replacing the 91 ohm 2 watt resistor on the 1 watt pre-amp, the HP E4400B was used for the RF input and was set at 53 Mhz, 0 dbm. The vector voltmeter measured the input RF to the amplifier at 233 mv rms.
The Tektronics 2465 with the input terminated into 50 ohms using the modified 10X probe was used to take these measurements. All measurements are p-p voltages.
The 1 watt pre-amp output = 800 mv
The MRF148A inputs = 225 mv, 210 mv, 222 mv, 212 mv 
The MRF148A outputs = 3.6 V, 3.7 V, 3.6 V, 3.5 V
The MRF151G inputs = 760 mv, 800 mv, 860 mv, 735 mv, 775 mv, 810 mv, 790 mv, 780 mv
The MRF151G outputs = 19.5 V, 19.2 V, 17.6 V, 18.0 V, 18.4 V, 19.2 V, 19.4 V, 19.2 V
The PCB output to the combiner = 54 V, 51.6 V, 53.6 V, 56 V 
The 1 watt pre-amp output was measured at the RG 188 center conductors solder joint on the pre-amp PCB. The FET inputs and outputs were measured at the FET solder tabs. The PCB output to the combiner was measured where the center conductor of the cable going to the combiner is soldered to the coupling capacitor on the rear edge of the amplifier PCBs. 
If it is determined that there is a low gain or high gain output FET in the circuit you can try changing the bias current to change the gain. Do not attempt to change the output FET bias current with the RF on, this must be done with the RF off to be able to measure the bias current accurately. To change the FET bias current in the output FETs, turn the gate bias switch off and disconnect the cable from the amplifier RF input. Measure with the DVM across the appropriate resistor R60 or R65 and change the bias current by 100ma per side, this would be 3.0mv change on the DVM for each side of the FET. If this method works to approach the desired change in gain, you can fine tune it by tweaking the bias by 33.3 ma per side, this would be 1.0 mv change on the DVM for each side of the FET. Use this method to increase or decrease the gain of the FET and then retest as before to see if you have achieved the power balance you desire. Remember that both sides of the output FET should be biased equally as they are usually well matched. There are cases where you have to replace the FET to get the desired result, in this case replace the FET and set the bias as described in the “setting the FET bias” section of this procedure and then re-test for RF power balance.
If you achieve the power balance but the total output power is significantly below 1000 watts you can measure the output voltage of the 1 watt pre-amp (CA5800CS) with the scope. With a 53Mhz 0 dbm input from the HP E4400B signal generator there should be between 800 mv p-p and 1 V p-p. If it is low, turn the power off to the amplifier and disconnect cable J7 from the amplifier input and measure the 91 ohm 2 watt resistor on the 1 watt pre-amp PCB. If this resistor is low in value the pre-amp output will be low, replace the resistor and re-test. If the resistor measures good you can reduce the value of the attenuator at the RF input to the amplifier to get a higher RF input and then you may need to reduce the driver FETs bias. There is an attenuator between 1 and 3 db on the BNC feedthrough at the RF input. If it is a 1 db attenuator you may have to find or purchase a 0.5 db attenuator to increase the RF drive to the 1 watt pre-amp, otherwise reduce the attenuator value by 1 db and re-set FET biases as needed. Not all amplifiers will be able to produce 1000 watts, typical values are 950 – 1050 watts.
When the amplifier is able to produce the typical output power with the network analyzer output power set at 16 dbm and good power sharing, check the amplifier output power curve
according to Table 1.

Table 1.

Output power from network analyzer                         Output power from amplifier

 	0 dbm						30 watts
	5 dbm						90 watts
	10 dbm						325 watts
	15 dbm						875 watts
	16 dbm						1000 watts

The output power will not match Table 1 but should be close, pay special attention to the amplifier output power at 5 dbm input. Disconnect cable J7 from the amplifier input and connect the HP E4400B signal generator through a 8 nsec RG 58 cable. Set the generator output for 53 Mhz, 0 dbm and check the amplifier output power, it should be 94 – 95 watts. This power level needs to be close and will be fine-tuned in the next section of this procedure. The phase adjustment of the amplifier is done at approximately 95 watts as read on the power meter which is not accurate but used as a quick reference. A more accurate power measurement is calculated by the data taken in the next section “Adjusting the phase”. If the power measures higher than 95 watts, measure the FET currents with the DVM and see how well balanced they are. If there is one or two that measure higher than the others try reducing the output FET bias by 100 ma per side in these channels and then recheck the output power curve from Table 1. This usually only happens with high gain FETs. When the power levels are good, turn off the gate bias and the EMI PS.

Adjusting the phase

The amplifier must be thermally stable for a good phase measurement so if it has been sitting off for a considerable time, run it as in test setup #1 for a few minutes. Connect the amplifier as in test setup #2. The HP E4400B signal generator should be set for 53 Mhz, 0 dbm, leave the RF off. Caution: when the RF is turned on in this configuration you are applying 95 -107 watts to a 100 watt attenuator so do not leave it on for any longer than you need to make the measurement. Be aware that the attenuator can change value due to excessive heating which can also damage the attenuator. Turn on the EMI PS and the gate bias, then turn the RF on and check the amplitude and phase on channel B of the vector voltmeter. The typical value for the input is 229 – 236 mv rms, the typical value for the output amplitude is 784 mv rms, and for the phase is -18.0 - -18.1 degrees. All of the solid state amplifiers were set to measure 784 mv rms using the attenuators specified in this procedure which were measured to be 39.6 db. Using an attenuator pair that was measured at 40.0 db, the output voltage was measured to be 732 mv rms. The power is calculated by multiplying the 732 mv by 100 to account for the 40.0 db attenuation. P = V squared/R yields 107 watts rms. To tweak the power level to match the 784 mv rms, you can measure the FET currents to find any with slightly higher or lower current and adjust the appropriate output FET biases. If you need the power to be higher, increase the output FET bias current by 33.3 ma each side (increase of 1.0 mv rms across R60 or R65 measured with a DVM) in any channels that are slightly lower than the others. If you need the power to be lower, decrease the output FET bias current by 33.3 ma each side in any channels that are slightly higher than the others. Slight changes in the MRF151G bias current do not seem to affect the maximum output power significantly. Changing the driver FETs bias affects the gain at higher power levels while changing the output FETs bias affects the gain at lower power levels. 
 The phase adjustment is made by trimming the RG 188 cable at the 1 watt pre-amp input. The RG 188 cable is 2.2 degrees per inch at 53 Mhz. De-solder the cable from the 1 watt pre-amp, trim to the desired length and solder cable back in place. Let the cable end and coupling capacitor cool down before checking the phase again. This usually takes a few iterations to get the correct phase. Record the input in mv rms, the output in mv rms @40db and the phase in degrees on the tag attached to the left front handle of the amplifier. This data will also be recorded on the plot made in the next section of this procedure.


Plotting and recording data

Turn off the gate bias and the EMI PS, connect the amplifier as in test setup #1. Load recall #1 settings into the network analyzer and set the output power to 0 dbm. Turn on the EMI PS and the gate bias. You should see the FET currents moving between 2 and 3 amps as the frequency sweeps from 20 to 100 Mhz. If this is not a new production amplifier, find the plots and data for it in the 5 binders in room 114 and compare the plots with the plot currently displayed on the network analyzer. It has been my experience that after replacing FETs in amplifiers and retesting them the plots are amazingly close to original. If this is the case I add notes to the original plot and the new FET bias voltage but do not necessarily make new plots. If there is any significant change or if you are testing a new production amplifier then new plots and data should be taken as follows:  
With the amplifier running as above, set the upper screen to display the electrical delay. There are 5 traces on the first plot taken at different power levels using a different color for each level.
0 dbm = blue                                                                                                                                                    5 dbm = green                                                                                                                                               10 dbm = red                                                                                                                                                 15 dbm = violet                                                                                                                                             16 dbm = orange   
The plotter setup in the network analyzer for the first plot will include the grid plotted in black, the text plotted in blue, the markers plotted in blue and the data(trace) plotted in blue. After the first plot at 0 dbm output power is done, turn plotting off for the grid, text and markers. For the other 4 power levels only plot the data and change the pen assignment when changing the output power according to the data above. Turn on averaging and set to 16 samples, let it complete the averaging function before plotting. Once the plot starts you can turn the power level down to 0 dbm until the data is done plotting. Turn averaging off when changing power levels and then turn it back on before each plot. When the plot is done, set the network analyzer output power to 0 dbm, turn off the gate bias and the EMI PS.
Connect the amplifier as in test set-up #3, disconnect cable J7 from the amplifier input. Turn on the gate bias. Mark up the plot for recording data as in the example plot in this procedure. If channel A-D is not marked on the PCB in marker, see the pictures in this procedure for their locations. Using the DVM measure and record the FET bias voltages for the MRF148A and MRF151G, the FET gates are the solder tab facing the front panel of the amplifier chassis for all FETs. Set the DVM for DCmv and measure and record the FET idle currents by measuring the voltage across R60 and R65 and then calculate the current. Divide the mv measurement by 30 (milliohms) to get the current in amps. Reconnect cable J7 and set the network analyzer center frequency to 53 Mhz, 0 span, output power = 0 dbm. On the right side of the plot there are 2 data tables to fill out, Input and output data.
 Under “Input @ 53 Mhz” there are 3 columns, 1) dbm – this is the network analyzer output power level. 2) mv rms – this is the vector voltmeter measurement from channel A which is the pick-off tee at the amplifier input. 3) FET I – this is the average FET current measured on the 4 meters on the test fixture.                                                                                                                   Under “output @ 50 db” there are 3 columns, 1) dbm – this is the network analyzer output power level. 2) mv rms – this is the vector voltmeter measurement from channel B which is the pick-off tee at the output of the 2 attenuators (50 db). 3) P out – this is the power measurement from the Bird RF power meter.                                                                               Record these measurements on the plot at the proper network analyzer output power levels as described above. Record the phase data from the “adjusting the phase” section of this procedure on the lower right side of the plot. See picture of data/plot in this procedure. 
Turn off the gate bias and EMI PS and connect the amplifier as in test setup #1. Load recall #5 settings into the network analyzer for the power sweep. Turn the EMI PS and the gate bias on, the FET current should be sweeping from Idle to 9 amps on the meters on the test fixture. Set the network analyzer to plot the grid in black and all other information in blue.
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