



BPG Drive Amplifier Test Results

Introduciton:
This document consists of a series of oscilloscope measurements capturing the signals at various places in the drive amplifier board. It is a long series of measurements done as I iterated towards a solution, trying different things. So its almost a narrative of the process, describing experiements that were tried and end with the final (well…mostly final) set of measurements for production unit.
All measurements were performed on the first article prototype board.
Note that the oscilloscope date in the screenshots is correct, but the time is not right.





[image: ]New Drive Amplifier: Tp2 (preamp output / U1 = THS4271) / Driving with AWG with Booster pattern
Beginning of signal pulse train
Measured at Tp2 with good Gnd

[image: ]Zoom-in showing risetime



[image: ]Zoom-in showing fall-time




September 2, 2020
Changed Rg = Rf = 249 ohms / added in Riso = 30 ohms / Cf = 6pF

[image: ]New drive amp with component values indicated above
Start of pulse train
ALL measurements done at Tp2 with low inductance to probe ground
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Changed Cf = 8pF:
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[image: ]Original Drive Amplifier: Output / Driving with AWG with Booster pattern
Yellow = Tp2 = Output of U1
Blue = Tp1 = input to board after 50 ohm resistor / note the overshoot on the input signal
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Riso = 49.9 ohms
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Changed Rg (R2) to 124 ohms, Preamp is now Av = +3
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Removed Cf entirely:
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Changed Rg (R2) to 82 ohms / Av = +4, Cf not installed
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[image: ]Yellow = Tp2 = Output of U1
Blue = Tp1 = input to board after 50 ohm resistor / signal amplitudes 
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[image: ]
Changed Rg (R2) to 124 ohms and change Riso from 49.9 to 30 ohms
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[image: ]Noticed that waveform was asymmetrical about 0V WRT voltage swing 
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[image: ]Coming out of the AWG this way, related to the SW and probably the changes I made to create a bipolar swing 
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Un-inverted the AWG output in SW
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Put FB1 & FB2 back in (were 0 ohm resistors):
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[image: ]
R11 (2.49 ohm resistor) installed again, now driving SE output as well as the monitor and differential circuits (the latter two were already connected).

[image: ]Trace 2: Input form AWG at TP1

Trace 3: SE out at J3 into scope via RG-58 coax 
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Replace U4 LHM6703 with THS4721: Gain resistor values are the same
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U4 = THS4271 / Changes Rg(R10) = Rf(R12) = 249 ohms

[image: ]Trace 1: U1 output at TP2

Trace 3: SE out at J3 into scope via RG-58 coax 
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Added in Cf = 14pF (started at 6pF  10pF and now 14pF / didn’t take pix for 6pF & 10pF)
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R11 changed to 845 ohms

[image: ]Trace 2: Input at TP1
Trace 1 (yel): U1 output at TP2 (after Riso)

Trace 3 (pur): J3 into scope Zin = 50 ohms
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[image: ]Trace 2: U4-3 showing the effect if R11 = 845 ohms

Cf = 8pF, R11 = 750 Ohms

[image: ]Trace 2: Input at TP1
Trace 1 (yel): U1 output at TP2 (after Riso)

Trace 3 (pur): J3 into scope Zin = 50 ohms


[image: ]
[image: ]

[image: ]
[image: ]

[image: ]

[image: ]’

[image: ]

[image: ]

[image: ]


[image: ]

[image: ]

Differential Output

[image: ]Trace 3 (pur): Monitor output
Trace 1 (yel): Diff_out_p

Trace 2 (blu): Diff_out_p

Diff’l signals measured at end of 3 ft cable at 100 ohm ¼ Watt Rterm / Gnds are not optimal


[image: ]M1 = Trace1 – Trace2
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Major Design Change:
Changed AWG to output single-ended only & experimented with input signal level vs slew rate to find optimal signal input vs output level.
Preamp: Av=+3, R2=124, R3=249, R1000=30
SE Amp: Cut trace just after TP4 & wired it to Gnd to remove & isolate the Voffset generator (in new build this circuit would not be populated & R9 would be installed instead). R11 = 10, R10=124, R12=249, U4=THS4271 (Av=+3).
Diff Amp: Unchanged

(all changes recorded in DA design changes document – see project wiki)

[image: ]Trace 3 (pur): J3 SE output
Trace 1 (yel): preamp out TP2

Trace 2 (blu): AWG input TP1
Trace 4 (Grn): Marker out from AWG, scope trigger





[image: ]Trace 2 (blu): AWG output at TP1 (input to DA)



[image: ]Trace 1 (yel): Preamp output (TP2)




[image: ]J3 output





[image: ]J3 output
long pulse Risetime



[image: ]J3 output
long pulse Falltime



[image: ]J3 output
Short pulse Risetime



[image: ]J3 output
Short pulse Falltime


[image: ]J3 output, measuring width at 600mV (rx threshold level)
6.031ns



[image: ]Trace 3: J2 Monitor signal output into scope at Z0=50 ohms




[image: ]Differential output:
RJ-45 Test cable connected, with 100 ohm Rterm on Grn/Wht-Grn wired.
Trace 1 (yel): Diff_Amp_Out_p (tp6)
Trace 2 (blu): Diff_Amp_Out_pn(tp7)



[image: ]Waveform Math (Ch1-Ch2)


[image: ]Waveform Math (Ch1-Ch2)
Short pulse risetime



[image: ]Waveform Math (Ch1-Ch2)
Short pulse Falltime


[image: ]Ch1: DA R22, R23, R24 junction node: input to diff’f amp
Note amplitude: less than expected due to new 30 ohm series resistor at output of preamp.


Re-calculated the signal levels taking in to account the resistive divider effect and now the levels make sense and agree with the calculated values.




Changed Gain of differential output driver amp to Av = +4 (R17 & R24 changed to 62 ohms)

[image: ]Differential output:
RJ-45 Test cable connected, with 100 ohm Rterm on Grn/Wht-Grn wired.
Trace 1 (yel): Diff_Amp_Out_p (tp6)
Trace 2 (blu): Diff_Amp_Out_pn(tp7)



[image: ]Waveform Math (Ch1-Ch2)
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Changed U4 to EL5166 / R12 = 750 ohms / R10 = 374 ohms
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[image: ]Ch3 (pur): J3 SE output into scope  (Zterm = 50 ohms) via 5ns RG-58 cable

Smallest pulse: width = 6.32ns (measured at 600mV rx threshold point (Ideal value = 6.1538ns)




· Conclusion:
 At this point, the single-ended output looks quite good, the EL5166 is a better behaved device. The choice of Rf = 750 ohms (above the normal 249 ohms) helps to roll off the frequency response. It may be possible to get better time-domain performance with smaller feedback resistor values, trading off possible ringing at the pulse edges. But this is probably good enough, at least for now. If higher performance is required, this can be revisited later.
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