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<tbd>
Outline: This document serves as an outline and guide for initial debug and engineering verification of the Fermilab LLRF PIP-II IT Beam Pattern Generator Drive Amplifier Board (board p/n <tbd>). It is meant to be used for initial engineering bring-up, test and characterization of the drive amplifier board. This test plan applies to a full assembled  board and can later be used as a production test plan/procedure by reducing its scope as necessary for production test.

Test Platform: The Drive Amplifier will be tested fully assembled. The board will tested stand-alone on the bench. Test fixtures will be devised and used as needed. Test signal sources (function generator, etc.) will be required for testing as well as a digital oscilloscope (BW = >/= 500MHz). A DC bench power supply capable of supplying +12VDC at at least 1A is required for powering the board.

.

1. Preliminary inspection

1.1 Verify Correct component installation:

- verify against the BOM

Top Installation Verified_________ (check)

Bottom Installation Verified_________ (check)



Defect Report Included: _________ (check)

1.2 Inspect part placement: Proper placement of components in correct locations. ICs pin 1 location correct / Cap, Diode polarity / connector placement

Top Inspected_________ (check)

Bottom Inspected_________ (check)



Defect Report Included: _________ (check)

1.3 Inspect solder work for completeness / cold joints / insufficient flow / bridges / etc.

Top Inspected_________ (check)

Bottom Inspected_________ (check)



Defect Report Included: _________ (check)

2. Check for shorts between power and ground planes:

· use ohm meter

· Note: there is one ground for the whole board

· Unless otherwise notes, the resistances should be < 5 ohms


- Ground access (GND) is available on test points:
TP11…TP17
Test the following nodes:

Voltages against GND:



+12V_IN 
(J6-1)/GND

Resistance:____________ohms



+12V 

(TP8)/GND

Resistance:____________ohms



+12V_AOut 
(J5-4,8)/GND

Resistance:____________ohms



+5V


(TP9)/GND

Resistance:____________ohms



-5V 

(TP10)/GND

Resistance:____________ohms

+12V_IN 
(J6-1): 



+12V 

(TP8)


Resistance:____________ohms  (Resistance < 5 ohms is OK)



+12V_AOut 
(J5-4,8)


Resistance:____________ohms   (Resistance < 5 ohms is OK)



+5V


(TP9)


Resistance:____________ohms



-5V 

(TP10)


Resistance:____________ohms

+12V 
(TB8): 



+12V_AOut 
(J5-4,8)


Resistance:____________ohms   (Resistance < 5 ohms is OK)



+5V


(TP9)


Resistance:____________ohms



-5V 

(TP10)


Resistance:____________ohms

+12V_AOut 
(J5-4,8): 



+5V


(TP9)


Resistance:____________ohms



-5V 

(TP10)


Resistance:____________ohms

+5V 
(TP9): 



-5V 

(TP10)


Resistance:____________ohms

3. Power On / Voltage Test

· Apply +12VDC to the board, limit the power supply to 0.8A initially, for the very first turn-on, then set to 1A after verifying that turn-on is OK.
Heat Test:


- Run hand around the board looking for any unusually hot components

Verified_________ (check)
Measure voltage levels on board:


- use voltmeter


- Reference GND (TP11…TP17)


- voltages should be within +/- 10%

Voltages against GND:



+12V_IN 
(J6-1)



Voltage:____________volts



+12V 

(TP8)



Voltage:____________ volts



+12V_Aout 
(J5-4,8)



Voltage:____________ volts



+5V_C 

(U8-7)



Voltage:____________ volts



-5V_C 

(U8-5)



Voltage:____________ volts



+5V 

(TP9)



Voltage:____________ volts



-5V 

(TP10)



Voltage:____________ volts
Measure Current Consumption:


(Note below is for whole board relative to input power supply current)


+12V_IN 
(J6-1)



Current:_____________Amps

Verify Board LEDs indicate power on condition:

	LED
	V-Rail
	OK?

	LED1:
	+12V
	

	LED2:
	+12V_AOUT
	

	LED3:
	+5V
	

	LED4:
	-5V
	


4. Verify Voltage Reference Circuit:
Equipment:


- Digital Multimeter

- Digital Oscilloscope
Procedure: Measure at voltages with DMM and oscilloscope at points indicated, with input open and grounded, as directed below.
(Input to amplifier at J1 is OPEN)
· Verify Reference Voltage Source:

(Measure at TP3 Referenced to GND)
Expect +1.200V (+/- 2%)
V(Tp3)

=
_______________ (Volts)
· Verify Reference Voltage Amplifier:

(Measure voltage at TP4 Referenced to GND)

Expect -1.524V (+/- 2%)




V(Tp4)

=
_______________ (Volts)
· Verify Stability and Noise:

Connect oscilloscope probe and verify signals are at DC Level, without oscillation (at scope to AC coupling, vary voltage sensitivity to level / adjust horizontal scale to see over wide range of times/division to ensure that no oscillations are present)

V(Tp3):

_____ (Checked)

V(Tp4):

_____ (Checked)

· Verify Output for zero V in:

Connect J1 input to GND / Verify output DC level as well as stability with no signal (should be DC, no oscillations)

(Measure voltage at TP5 Referenced to GND)

Expect +1.524V (+/- 2%)




V(Tp5)

=
_______________ (Volts)

(Measure voltage with oscilloscope)

Expect DC level, no oscillation, no significant noise levels

V(Tp5):

_____ (Checked)

· Remove ground from J1 amplifier input at conclusion of test
5. Measure DC-DC Converter Switching Noise Level
Equipment:


- Digital Oscilloscope


- 

General Procedure: Turn on board, measure the output noise of the +12V ( +/-5VDC switched mode power converter.
Setup and Procedure:

· Ground input to amplifier at J1 is grounded to prevent pickup.
· Use special probing techniques: remove oscilloscope probe sheath and coil lead of ¼ ohm resistor around exposed metal ground sheath of probe to form very short, low inductance path to ground when probing.
· Probe outputs of DC-DC converter with oscilloscope is DC-coupled mode to verify level and see if there is any signal riding on top of the DC voltage. Switch oscilloscope to AC-coupling and look closely (lower voltages) at the signal to see if there is any noise present. Scan across multiple timescales with the oscilloscope to see if there is any low- and high-frequency noise.
1) Observe converter DC levels:

a) Probe +5V_C output at U8-7

· Verify that the DC level is correct and noise-free:

U8-7:

_____ (Checked)

b) Probe -5V_C output at U8-5

· Verify that the DC level is correct and noise-free:

U8-5:

_____ (Checked)

c) Probe +5V at output of supply filter at TP9

· Verify that the DC level is correct and noise-free:

TP9:

_____ (Checked)

d) Probe -5V at output of supply filter at TP10
· Verify that the DC level is correct and noise-free:

TP10:

_____ (Checked)

2) Observe converter AC levels:

(AC-couple probe input, set vertical scale to 10mV/div or lower / remember to use short Gnd wire!)

a) Probe +5V_C output at U8-7

· Verify that the noise level is low and free of and significant oscillation:

U8-7:

_____ (Checked)

b) Probe -5V_C output at U8-5

· Verify that the noise level is low and free of and significant oscillation:
U8-5:

_____ (Checked)

c) Probe +5V at output of supply filter at TP9

· Verify that the noise level is low and free of and significant oscillation:
TP9:

_____ (Checked)

d) Probe -5V at output of supply filter at TP10

· Verify that the noise level is low and free of and significant oscillation:
TP10:

_____ (Checked)
6. Verify Single-Ended Amplifier Output – Low-Speed Test
Equipment:


- Digital Oscilloscope


- Pulse Generator or Function Generator
Procedure: Inject signal into input and observe signal as is propagates through the signal chain all the way to the output.
Setup:
Setup Function Generator to produce the following signal:

· Function = Square Wave

· F = 20MHz

· Tr, Tf = 1ns (may be limited to what the Fcn gen can produce, e.g. DS345 Tr, Tf = 12ns)

· Vout = 750mVp-p

Measurement Setup:

· Connect Sync output of function generator to the oscilloscope, if available / if no sync output is available, then connect the output signal going to J1 through a coaxial tee, remember to set the scope termination for this input to high-Z (1 Meg-ohms) / trigger the oscilloscope with this input

· Connect output of function generator (should be a 50 ohm compatible output) to board J1 input connector

· Connect J3 Output connector to oscilloscope, set Zin = 50 ohm termination)

· Connect J2 Output connector to oscilloscope, set Zin = 50 ohm termination)

· Power up board
· Inject function/pulse generator signal into board

· Probe signal along signal path to verify correct function:

· Note signal level, rise/fall times and polarity of the input signal:
3) Verify 0V behavior:

Ground the board input (connect J1-1 to ground)

· Verify that the J3 output sits at -1.524VDC:

· Verify that output signal has low noise and is free of oscillation:

J3:

_____ (Checked)

· Verify that the J2 output sits at 0V:

· Verify that output signal has low noise and is free of oscillation:

J3:

_____ (Checked)

4) Verify Signal Path (probe signal along path):

Remove input Gnd at J1 and inject function generator signal into it/

a) Probe TP1: Signal should be same as at output of Function Generator





Signal at TP1:

_____ (Checked)

b) Probe TP2: Signal should 2x (1.5Vp-p) with same polarity






Signal at TP2:

_____ (Checked)

c) Probe U6-6: Signal should 2x and level shifted to positive only (V = 0…3.0V) / same polarity






Signal at U6-6:

_____ (Checked)

d) Probe TP5: Signal should x/2 and level shifted to positive only (V = 0…1.5V) / same polarity






Signal at TP5:

_____ (Checked)

e) Observe SE Out signal at J3: Signal should swing 0…+1.5V / same polarity as input signal / record rise & fall times






Signal at J3:

_____ (Checked)






Trise of Signal at J3:
______________ ns






Tfall of Signal at J3:
______________ ns

f) Observe Monitor signal at J2: Signal should swing 0…+1.5V / same polarity as input signal / record rise & fall times






Signal at J3:

_____ (Checked)






Trise of Signal at J3:
______________ ns






Tfall of Signal at J3:
______________ ns

7. Verify Differential Amplifier Output – Low-Speed Test
Equipment:


- Digital Oscilloscope


- Pulse Generator or Function Generator

Procedure: Inject signal into input and observe signal as is propagates through the signal chain all the way to the output.

Setup: <same as that for single-ended output signal verification – see previous section>

(also verify amplifier output for 0V (grounded) input)

1) Verify 0V behavior:

Ground the board input (connect J1-1 to ground)

· Verify that U6-4 sits at 0VDC:

· Verify that output signal has low noise and is free of oscillation:

U6-4:

_____ (Checked)

· Verify that U6-5 sits at 0V:

· Verify that output signal has low noise and is free of oscillation:

U6-4:

_____ (Checked)

2) Look at outputs singled-ended:

Probe U6-4: Output should swing 750mVp-p with same polarity as input

Probe U6-5: Output should swing 750mVp-p with inverse polarity of input

Trise of Signal at U6-4,5:
______________ ns

Tfall of Signal at U6-4,5:
______________ ns

Differential Voltage Swing:
______________ Volts

(expect 0.750Vp-p)

DC Common Mode Level:
______________ Volts

(expect ~0V)

3) Look at outputs differentially:

Ground the input to the amplifier (connect J1-1 to ground) / Verify that the output is 0V, low noise and free of any spurious oscillations.

0V at differential output:

_____ (Checked)

Inject input signal to J1. Using two oscilloscope probes, probe points U6-4 and U6-5 / using waveform math on the oscilloscope set the second channel (the one probing the _n signal) to invert and then setup the waveform math to display the following: Ch1 – Ch2 ( _p and _n signals, respectively) / Verify that the differential signal swings 0.750Vp-p with the same polarity.
Signal at differential output:

_____ (Checked)

Trise of Signal at U6-4,5:
______________ ns

Tfall of Signal at U6-4,5:
______________ ns

Differential Voltage Swing:
______________ Volts

(expect 0.750Vp-p)

DC Common Mode Level:
______________ Volts

(expect ~0V)

4) Terminate the output into 100 ohms:

a) Probe across the termination resistor : Signal should be same as at output of Function Generator

Trise of Signal at termination:
______________ ns

Tfall of Signal at termination:
______________ ns

Differential Voltage Swing:
______________ Volts

(expect 0.375Vp-p)

DC Common Mode Level:
______________ Volts

(expect ~0V)

8. Verify Single-Ended Amplifier Output – High-Speed Test
Equipment:


- Digital Oscilloscope


- Pulse Generator or AWG

Procedure: Inject signal into input and observe signal as is propagates through the signal chain all the way to the output.

Setup:

Setup Function Generator to produce the following signal:

· Function = Square Wave, or pulse at < 50% duty cycle

· F = 330.4MHz (165.2MHz x2)

· Tr, Tf = 1ns (or less)

· Vout = 750mVp-p

Measurement Setup:

· Connect Sync output of function generator to the oscilloscope, if available / if no sync output is available, then connect the output signal going to J1 through a coaxial tee, remember to set the scope termination for this input to high-Z (1 Meg-ohms) / trigger the oscilloscope with this input

· Connect output of function generator (should be a 50 ohm compatible output) to board J1 input connector

· Connect J3 Output connector to oscilloscope, set Zin = 50 ohm termination)

· Connect J2 Output connector to oscilloscope, set Zin = 50 ohm termination)

· Power up board

· Inject function/pulse generator signal into board

· Probe signal along signal path to verify correct function:

· Note signal level, rise/fall times and polarity of the input signal:

Probe signal along path:

a) Probe TP1: Signal should be same as at output of Function Generator






Signal at TP1:

_____ (Checked)

b) Probe TP2: Signal should 2x (1.5Vp-p) with same polarity






Signal at TP2:

_____ (Checked)

c) Probe U6-6: Signal should 2x and level shifted to positive only (V = 0…3.0V) / same polarity






Signal at U6-6:

_____ (Checked)

d) Probe TP5: Signal should x/2 and level shifted to positive only (V = 0…1.5V) / same polarity






Signal at TP5:

_____ (Checked)

e) Observe SE Out signal at J3: Signal should swing 0…+1.5V / same polarity as input signal / record rise & fall times






Signal at J3:

_____ (Checked)






Trise of Signal at J3:
______________ ns






Tfall of Signal at J3:
______________ ns

f) Observe Monitor signal at J2: Signal should swing 0…+1.5V / same polarity as input signal / record rise & fall times






Signal at J3:

_____ (Checked)






Trise of Signal at J3:
______________ ns






Tfall of Signal at J3:
______________ ns

9. Verify Differential Amplifier Output – High-Speed Test
Equipment:


- Digital Oscilloscope


- Pulse Generator or Function Generator

Procedure: Inject signal into input and observe signal as is propagates through the signal chain all the way to the output.

Note: The standard output will be on the RJ-45 connector J5. The selection resistors R20, R21, R27, R28

Setup: <same as that for high-speed single-ended output signal verification – see previous section>

(also verify amplifier output for 0V (grounded) input)

1) Verify 0V input/output

2) Look at outputs singled-ended:

Probe U6-4: Output should swing 750mVp-p with same polarity as input

Probe U6-5: Output should swing 750mVp-p with inverse polarity of input

Trise of Signal at U6-4,5:
______________ ns

Tfall of Signal at U6-4,5:
______________ ns

Differential Voltage Swing:
______________ Volts

(expect 0.750Vp-p)

DC Common Mode Level:
______________ Volts

(expect ~0V)

3) Look at outputs differentially:

Ground the input to the amplifier (connect J1-1 to ground) / Verify that the output is 0V, low noise and free of any spurious oscillations.

0V at differential output:

_____ (Checked)

Inject input signal to J1. Using two oscilloscope probes, probe points U6-4 and U6-5 / using waveform math on the oscilloscope set the second channel (the one probing the _n signal) to invert and then setup the waveform math to display the following: Ch1 – Ch2 ( _p and _n signals, respectively) / Verify that the differential signal swings 0.750Vp-p with the same polarity.

Signal at differential output:

_____ (Checked)

Trise of Signal at U6-4,5:
______________ ns

Tfall of Signal at U6-4,5:
______________ ns

Differential Voltage Swing:
______________ Volts

(expect 0.750Vp-p)

DC Common Mode Level:
______________ Volts

(expect ~0V)

4) Terminate the output into 100 ohms:

b) Probe across the termination resistor : Signal should be same as at output of Function Generator

Trise of Signal at termination:
______________ ns

Tfall of Signal at termination:
______________ ns

Differential Voltage Swing:
______________ Volts

(expect 0.375Vp-p)

DC Common Mode Level:
______________ Volts

(expect ~0V)

· Note to self: don’t forget to add section for “free form” exploration of signal and performance of amplifier by injecting different types of signals as various levels as well as frequencies and duty cycles. This will help gain a better understanding of the device’s performance and limitations.
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