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 | 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.
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September 2, 2020
Changed Rg = Rf = 249 ohms / added in Riso = 30 ohms / Cf = 6pF
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Changed Cf = 8pF:
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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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Changed Rg (R2) to 124 ohms and change Riso from 49.9 to 30 ohms
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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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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).
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Replace U4 LHM6703 with THS4721: Gain resistor values are the same
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T 300.0mVidiv 500 §y:2.0G ( 512.253ns [} & T» / 560.0mV 200.0ns/div  5.0GS/s 200.0p

I 300.0mV 499.6ns 539.6ns 7 Triggered  Auto J| gy Sample

. 1234 acqs RL:10.0k
Auto  September 5, 2020

Cursor Controls Cursor Type
Cursor 1 Cursor 2 V Bars Waveform Screen
Ch3 Ch3

Curs1 X Pos (a) I

524.49ns

Curs2 X Pos () ‘

527.5Tns

@7 300.0mVidiv 500 By:2.0G 524.493ns Y oTT» / 560.0mV 200.0ns/div  5.0GS/s 200.0p
I 300.0mV 499.6ns 539.6ns 527.573ns Triggered  Auto J| gyp Sample
— 08is 1784 acqs RL:10.0k
Auto September 5, 2020

Cursor Controls Cursor Type
Cursor 1 Cursor 2 V Bars ‘Waveform Screen
Ch3 Ch3
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File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

v T

Tx [

Curs1 X Pos (a)
548.01ns

Curs2 X Pos ()

552.13ns

HT™® / 560.0mvV 200.0ns/div
Triggered Auto Run
3652 acqs

500 By:2.0G
533.3ns 573.3ns

7 300.0mVidiv
77 300.0mV

548.0ns
552.1ns
4.12ns
242.7MHz

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

T T T T T U T T

5.0GS/s 200.0p

Sample 1

RL:10.0k

Auto September 5,2020 07:01:29

Curs1 X Pos (3}

554.49ns

Curs2 X Pos ()

557.89ns T

[ 200.0ns/div

@ / 560.0mv
Triggered Auto Run
4078 acqs
Auto September 5,2020 07:01:50

500 By:2.0G
533.3ns 573.3ns

7T 300.0mVidiv
77 300.0mV

554.493ns
557.893ns
3.4ns
294.118MHz
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U4 = THS4271 / Changes Rg(R10) = Rf(R12) = 249 ohms

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

1 ﬂ | r‘ ! | I Position
{ M«r H\ H {]I% HIH gw M \M 50.96%

& 400.0mVidiv
@F» 100.0mVidiv
@7 300.0mVidiv
@» 1.0vidiv

PR SAPRA Ay WA
WA Ao Aoy

§y:500M
§,:1.0G
50Q By:2.0G
500 §y:2.0G

@TZY 400.0mV
@ 100.0mV
T 300.0mV

@ 1.0V 20.0ns

407.1ns 607.1ns
407.1ns 607.1ns
407.1ns 607.1ns
407.1ns 607.1ns

Factor

"y .[»v\q)’\;lw./\ﬁkv,‘,‘qu]uwl‘rym,l",vw{lnl‘[\f’\xt\-‘k'\%wv,.ﬂ.‘\,h
| |

@ / 560.0mV 200.0ns/div
Triggered ~ Auto J| gyp Sample
4 371 acqs RL:10.0k
Auto September 6, 2020 0.

5.0GS/s 200.0p

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

@XH 400.0mVidiv
@F» 100.0mVidiv
@7 300.0mVidiv
@ 1.0vidiv

§y:500M
84:1.0G
500 By:2.0G
500 By:2.0G

1) 400.0mV
TP 100.0mV
T 300.0mV
@ 1.0V

BPG DA Test Results

10.0ns

414.0ns 514.0ns
414.0ns 514.0ns
414.0ns 514.0ns
414.0ns 514.0ns
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Position (3] ‘

|

|
iy
Factor

20

A AN, Mr-\/«),.x,m}‘w,/‘ww./.\

A'] ) /560.0mV 200.0ns/div

Triggered ~ Auto ]| gyp Sample 1
4788 acqs RL:10.0k
Auto  September 6, 2020

5.0GS/s 200.0p

Trace 1: Ul
output at TP2

Trace 3: SE out at
J3 into scope via
RG-58 coax
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File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n Tek ’
‘ v
Position O
52.7%

Factor () <]

20

300.0mVidiv 500 §y:2.0G [Ee®T® / 560.0mV [ 200.0ns/div ~ 5.0Gs/s 200.0p
1.0Vidiv 50Q By:2.0G \Triggered  Auto J| gyy Sample

300.0mV 492.2ns 592.2ns 187 acqs RL:10.0k
1.0v 10.0ns  492.2ns 592.2ns Auto September 6, 2020 03:28:04

File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n
@ .
Curs1 X Pos 0

529.61ns

C i ; |
oA‘ | I . Curs2 X Pos () <]

533.49ns

[ &= 300.0mvidiv 500 8:2.0G 529.613ns [~ /560.0mV 200.0ns/div  5.0GS/s 200.0p
T» 1.0Vidiv 500 §:2.0G6 533.493ns (Triggered  Auto J| gy, Sample
T 300.0mV 521.1ns 561.1ns 3.88ns 1113 acqs RL:10.0K
@F» 1.0V 40ns  521.1ns 561.1ns 257.732MHz Auto September 6,2020 03:28:51
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File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n
I 4
Curs1 X Pos 0 T

529.61ns

Curs2 X Pos () <

533.49ns

300.0mV/div 500 B,:2.0G [529.613ns | @ e® / 560.0mV 200.0ns/div 5.0GS/s 200.0p
1.0V/div 500 §y:2.0G6 533.493ns Triggered  Auto | gyp Sample

300.0mV 521.1ns 561.1ns 3.88ns 1113 acqs RL:10.0k
1.0V 4.0ns  521.1ns 561.1ns 257.732MHz Auto  September 6, 2020 03:28:51

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n TBK - ’
Curs1 X Pos A Y

554.61ns

Curs2 X Pos (3 <

557.69ns

o

300.0mVidiv 500 By:2.0G 554.613ns M e® / 560.0mv [ 200.0ns/div 5.0GS/s 200.0p
1.0Vidiv 500 8,:2.0G 557.693ns Triggered Auto J| Run sample

300.0mV 521.8ns 561.8ns 3.08ns 2437 acgs RL:10.0k
AT 1.0V 40ns  521.8ns 561.8ns 324.675MHAz Auto  September 6, 2020 :
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Added in Cf = 14pF (started at 6pF = 10pF and now 14pF / didn’t take pix for 6pF & 10pF)

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n
\ g ——— I I
Po:

48

Factor

@7 200.0mVidiv
@T» 1.0vidiv
77 200.0mV
a 1.0v

M e / 560.0mV
Triggered Auto

200.0ns/div
Run
2001 acqs

5.0GS/s
500 B§y:2.0G6

416.3ns 516.3ns

416.3ns 516.3ns

Sample

10.0ns

File | Edit | Vertical | Horiziacq | Tria | Display | Cursors | Measure | Mask | Math | myscope | Analyze | utitties | Heip ([P
v —_———
Po.

52

Auto  September 6, 2020

sition

0

92%

0 <}

20

200.0p

RL:10.0k
04:14:21

sition

.26%

Factor

[ 200.0ns/div

Run

@7 200.0mVidiv
@ 1.0vidiv
7T 200.0mV
2T 1.0V

/560.0mv
Triggered Auto

5.0GS/s
500 §y:2.0G6

483.3ns 583.3ns

483.3ns 583.3ns

Sample
2 873 acqs
10.0ns
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File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

Tk M W
Position e

52.94%

Factor () {4

50

7 200.0mVidiv
@T» 1.0vidiv
77T 200.0mV
arE 1.0v 4.0ns

HT™® / 560.0mvV
Triggered Auto

500 By:2.0G
500 §y:2.0G
526.7ns 566.7ns
526.7ns 566.7ns

File | Edit | Vertical | HorizlAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

T L R EE B P —— — — 5

200.0ns/div
Run
3313 acqs

5.0GS/s 200.0p
Sample 1

RL:10.0k
04:15:27

Auto September 6, 2020

Position

©|
52.94%

Factor () 4_

50

@7 200.0mVidiv
#T® 1.0vidiv
7 200.0mV
a 1.0v

M T® / 560.0mV
Triggered Auto

500 By:2.0G
500 8):2.0G
526.7ns 566.7ns

4.0ns 526.7ns 566.7ns
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Auto  September 6, 2020

200.0ns/div 200.0p |
Run

3 416 acqs

5.0GS/s
Sample

RL:10.0k

04:1
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File | Edit | Vertical | HoriziAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

Position

52.94%

8’_—_________‘____‘1' ‘___.____‘_________________“____‘ | Factor

Ty (et et [ e et e et T 10

200.0mVidiv 50Q RN yXic} [ 200.0ns/div 5.0GS/s

1.0Vidiv 500 §y:2.0G Run Sample

200.0mV 446.7ns 646.7ns 3910 acqs RL:10.0k
1.0v 20.0ns 446.7ns 646.7ns Auto September 6, 2020
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R11 changed to 845 ohms

File | Edit | Vertical | HorizAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

Trace 2: Input at
TP1

Trace 1 (yel): U1
output at TP2
(after Riso)

Trace 3 (pur):J3
into scope Zin =

. / | Eull \ | /
;”‘/ B e e T \ I - 50 ohms

@B 400.0mVidiv A 213D 400.0mV 430.8ns 530.8ns @ ®® / 560.0mv 200.0ns/div.~ 5.0GS/s 200.0p
&» 100.0mV/div T 100.0mV 430.8ns 530.8ns \Triggered  Auto J| gyp Sample

AT 200.0mVidiv T 200.0mV 430.8ns 530.8ns 131 acgs RL:10.0k
o» 1.0Vidiv @7 1.0V 10.0ns  430.8ns 530.8ns Auto  September 6, 2020

File | Edit | Vertical | Horiziacq | Trig | Display | Cursors | Measure | Mask | Math | Myscope | Analyze | utiities | Heip [P}

I 4

AT 200.0mVidiv 500 B,:2.06 @ ®® / 560.0mV 200.0ns/div  5.0GS/s 200.0p
#T» 1.0Vidiv 500 8,:2.06 Triggered Auto Run sample

£ 200.0mV 430.8ns 530.8ns 148 acqs RL:10.0k
@I 1.0V 10.0ns  430.8ns 530.8ns Auto  September 6,2020 04:51:46
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File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n

I e

G

|
-

@7 200.0mVidiv 500 8:2.0G @ e / 560.0mVv |( 200.0ns/div ~ 5.0GsIs 200.0p
T 1.0Vidiv 500 §y:2.0G Triggered Auto Run Sample

7T 200.0mV 500.6ns 600.6ns 697 acqs RL:10.0k
a 1.0v 10.0ns  500.6ns 600.6ns Auto September 6,2020 04:52:14

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n

iﬂ‘\

.
|
I
il

\ jﬁ (L /H‘ ‘ /‘ f]
.fLJM!pr J“\\ [\ fw l”’“k\lul“khl‘\:N’

\‘”;ﬂr'
i

Trace 2: U4-3
showing the
effect if R11 =
845 ohms

&P 200.0mVidiv 84:1.0G @ T® / 560.0mV 200.0ns/div ~ 5.0GS/s 200.0p
@TH 1.0Vidiv 500 By:2.0G riggered  Auto J| gyp Sample

T 200.0mV 500.6ns 600.6ns 644 acqs RL:10.0k
a 1.0v 10.0ns  500.6ns 600.6ns Auto September 6, 2020 04:54:04

BPG DA Test Results Page 50 of 73 September 16, 2020




Cf = 8pF, R11 = 750 Ohms

File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n

Trace 2: Input at
TP1

Trace 1 (yel): U1
output at TP2
(after Riso)

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

@ 400.0mVidiv %:SOOM T 400.0mV 438.5ns 538.5ns . 200.0ns/div 5.0GS/s 200.0p
@F» 100.0mVidiv %:1.06 2T 100.0mV 438.5ns 538.5ns Run Sample

@ 200.0mVidiv 500 By:2.0G T 200.0mV 438.5ns 538.5ns 431 acqs RL:10.0k
@ 1.0Vidiv 50Q %ZZ.OG @ 1.0v 10.0ns  438.5ns 538.5ns Auto September 6, 2020 06:14:05

File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n

D A

/ i
| Y\ﬂhﬂt\ '«“‘\/\f\\ \\
\ {

&3» 400.0mVidiv %:SBOM Ty 400.0mV 510.7ns 610.7ns ﬂ""‘ /560.0mv 200.0ns/div 5.0GS/s 200.0p
@& 100.0mVidiv 8y:1.0G6 T 100.0mV 510.7ns 610.7ns Triggered  Auto J| Ryp Sample

T 200.0mV/idiv 50Q %:Z.OG T 200.0mV 510.7ns 610.7ns 927 acqs RL:10.0k
@T» 1.0vidiv 500 By:2.0G @ 1.0V 10.0ns  510.7ns 610.7ns Auto September 6, 2020 06:14:30
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File | Edit | Vertical | HoriziAcq

| Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

A4

G-

AT 200.0mVidiv
7™ 1.0vidiv

7T 200.0mV

ar 1.0v 10.0ns

500 B,:2.0G
500 8y:2.0G6
510.7ns 610.7ns
510.7ns 610.7ns

HH

i

l

M T® / 560.0mv

Triggered Auto Run Sample

A =

¥

e

PP IR R TRV Y H

( 200.0ns/div 5.0GS/s 200.0p

161 acqs RL:10.0k
Auto September 6,2020 06:14:42

-4.0mV

Curs2Y Pos (3) |

i e U P o e e AN N

607mV

N AN\ e A

200.0ns/div 5.0GS/s 200.0p

@B 400.0mVidiv
7 200.0mVidiv
@ 1.0Vidiv

FZT) 400.0mV

B,:500M T 200.0mV 545.5ns 585.5ns
50Q By:2.0G @) 1.0V 4.0ns  545.5ns 585.5ns
500 B8:2.0G6
545.5ns 585.5ns

BPG DA Test Results

@e™ / 560.0mv

Triggered Auto Run sample

912 acqs RL:10.0k
Auto September 6,2020 06

-4.0mV

607.0mV

611.0mV
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File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

A4
Curs1Y Pos @

0.0v

Curs2Y Pos () <

615mV

4T 200.0mVidiv 500 By:2.0G 0.0V §@7® / 560.0mV 200.0ns/div  5.0GS/s 200.0p
@T» 1.0Vidiv 500 By:2.0G 515mV Triggered  Auto | gyp sample

77T 200.0mV 515.5ns 615.5ns 615mV 169 acqgs RL:10.0k
@7 1.0V 10.0ns  515.5ns 615.5ns g ’ Auto September 6, 2020 06:58:52

v
Curs1Y Pos (3}
(Y

Curs2Y Pos () 14
61.75mV

50.0mVidiv 500 B:2.0G6 0.0V M T® / 560.0mV 200.0ns/div. 5.0GS/s 200.0p
1.0Vidiv 500 B:2.0G 51.75mV Triggered ~ Auto J| gy Sample

50.0mV 10.0ns  515.5ns 615.5ns 61.75mV 563 acqs RL:10.0k
1.0v 10.0ns  515.5ns 615.5ns ) ’ Auto September 6,2020 06:59:25
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File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

L 4

@7 200.0mV/
T 1.0vidiv
7T 200.0mV 529.0ns 549.0ns
ar 1.0v YALES 529.0ns 549.0ns

I 4

AT 200.0mVidiv 50Q By:2.0G6
T» 1.0Vidiv 500 §y:2.0G
T 200.0mV 529.0ns 549.0ns
a 1.0v 2.0ns 529.0ns 549.0ns

BPG DA Test Results

531.383ns
534.843ns
3.46ns
289.017MHz

Curs1 X Pos Ca Yl
531.38ns

Curs2 X Pos () <

534.84ns

“meG0.0mV 200.0ns/div 5.0GS/s 200.0p
driggered  Auto J| gy Sample
1204 acqs RL:10.0k
Auto September 6, 2020

Curs1 X Pos (a)

543.6ns

Curs2X Pos () « |

547.18ns

(b]

ﬂm_/s«so.i)mv [ 200.0ns/div 5.0GS/s 200.0p
Triggered Auto Run Sample

1916 acqs RL:10.0k
Auto September 6,2020 0
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File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n
v
Curs1 X Pos (a)

549.92ns

200.0mV 500 §,:2.0G 549.923ns 200.0ns/ 5.0GS
1.0Vidiv 50Q %:ZOG 553.143ns Run Sample
200.0mV 543.6ns 563.6ns 3.22ns 2897 acqs RL:10.0k
1.0V 2.0ns  543.6ns 563.6ns 310.559MHz Auto September 6, 2020 07:1

File | Edit [ | x M R

Curs1 X Pos (a)

556.06ns

Curs2 X Pos () 4}

559.52ns

|
|
|
|
|
|
|
|

500 §:2.0G 556.063ns . /560.0mV 200.0ns/div =~ 5.0GS/s

500 §y:2.06 559.523ns Triggered  Auto J| Ryp sample
200.0mV 543.6ns 563.6ns 3.46ns 3365 acqs RL:10.0K
1.0v 543.6ns 563.6ns 289.017MHz Auto September 6,2020 07:17:19
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File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

04{

f"”—‘ |u il i

‘ﬂw HUW‘ ‘JP‘HJLHJH Ihl“dlh{” C";;::se 'J

Curs2 X Pos ()

515.74ns

&=H 300.0mVidiv §y:500M 513.103ns @ ®» / 560.0mV ‘ 200.0ns/div 5.0GS/s 200.0p
@ 1.0Vidiv 500 §y:2.0G "B (515.743ns (Triggered  Auto J| gyp Sample l

T 300.0mV 510.4ns 530.4ns T 1098 acqs RL:10.
arn 1.0v 2.0ns  510.4ns 530.4ns &Y 378.788MHz Auto September 6,2020 07

& Cursor Controls Source Cursor Type
Cursor 1 Cursor 2 H Bars V Bars Waveform

o e e )

File | Edit | Vertical | Horizzacq | Trig | Display | Cursors | Measure | Mask | Math | Myscope | Anaiyze | utiities | Heip |[FH

‘ 0‘

'H'LJ?H' "*'v’mmmﬂml|ﬂummu| W' °:;:‘;::se

Curs2 X Pos G)

528.02ns

&H 300.0mVidiv §:500M 525 263ns 'mf-'*'fjseo.Omv ‘ 200.0ns/div 5.0GS/s 200.0p
@T» 1.0Vidiv 500 B:2.0G 528 023ns Triggered  Auto | gyp sample
T 300.0mV 510.4ns 530.4ns 2 75,,5 1729 acqs RL:10.
@ 1.0V 2.0ns  510.4ns 530.4ns 362 319MHz Auto  September 6,2020 07

% Cursor Controls Cursor Type
Cursor 1 Cursor 2 H Bars v Bars Waveform
Ch1 Ch1 v
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Differential Output

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n

I I

|

i

U

=]

d b‘ Trace 3 (pur):
Facor @ ||} Monitor output

o

i

Trace 1 (yel):
Diff_out_p

Trace 2 (blu):
Diff_out_p

‘ -w.'wwwdhﬂm,w'\w*vwﬂ»-wﬂvww»’hw*’.
Diff’| signals
measured at end
of 3 ft cable at
100 ohm % Watt
Rterm / Gnds are
not optimal

@B 200.0mV/div 1 By:500M TP 200.0mV 371.1ns 621.1ns M e® / 560.0mV 500.0ns/div  5.0GS/s 200.0p
@B 200.0mVidiv §,:1.06 T 300.0mV 371.1ns 621.1ns Triggered Auto Run sample

@7 300.0mVidiv 500 §y:2.0G 594 acqs RL:25.0k
1%y 200.0mV 371.1ns 621.1ns Auto September 8,2020 0¢

File | Edit | Vertical | Horiziacq | Trig | Display | Cursors | Measure | Mask | Math | Myscope | Analyze | utiities | Heip ([P

bR

S adhd BN S22 N bt R L4 I | A \4 [ M1 =Tracel —

Trace2
| l«\A\‘.‘,\wwV |

W 200.0mVidiv f,  By:500M @Iy 200.0mV 371.1ns 621.1ns @ T / 560.0mV 500.0ns/div  5.0GS/s 200.0p
&FH 200.0mVidiv 8,:1.0G TP 200.0mV 371.1ns 621.1ns Triggered  Auto J| gyp sample 1
AT 300.0mVidiv 500 §y:2.0G T 300.0mV 371.1ns 621.1ns 182 acqs RL:25.0k
T 163.0mV 500.0ns @ 163.0mV 371.1ns 621.1ns Auto September 8, 2020
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File | Edit | Vertical | HoriziAcq | Trig | Display | Cursors | Measure |

I

A

Ml TTIVIIPYR

i

Mask | Math | MyScope | Analyze | Utilities | Help n

it

i

(B

TP 200.0mV
£ 300.0mV

420.5ns 520.5ns
420.5ns 520.5ns

N, B§y:500M

§,:1.0G

50Q By:2.0G

420.5ns 520.5ns

@X» 200.0mVidiv
@F» 200.0mVidiv
@7 300.0mVidiv
TZH 200.0mV

File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

|

A\

i

/

.

;wwrm\/'v”v\f A

(@e® / 560.0mv
(_Triggered Auto

/\/ \\/\L‘

T 1 B
" Y f

| 500.0ns/div 5.0GS/s 200.0p
Run Sample
341 acqs RL:25.0k

Auto September 8, 2020 06:54:22

il

Tek

|

)

i

H

1
)

i

|
L

H

|

|

4

| ——

\

W

B 100.0mVidiv N, By:500M
B 100.0mVidiv
T 100.0mV

@ 100.0mV

420.5ns 520.5ns
420.5ns 520.5ns

BPG DA Test Results

@ T® / 560.0mV ‘
§,:1.0G Triggered Auto

Page 58 of 73

500.0ns/div 5.0GS/s
Run

200.0p
Sample

143 acqs RL:25.0k
Auto September 8, 2020 06:54:58
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File | Edit | Vertical | HorizlAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

a7 150.0mv 500.0ns [ ®™® / 560.0mV ‘ 500.0ns/div 5.0GS/s 200.0p

AT 150.0mV 420.5ns 520.5ns Triggered Auto Run sample
1044 acqs RL:25.0k

Auto September 8,2020 06:56:00
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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)

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

Trace 3 (pur):J3
SE output

Trace 1 (yel):
preamp out TP2

Trace 2 (blu):
AWG input TP1

‘H\j\(‘&*‘f\”}k/w)*\y}/ ‘\V" / “‘ / | Trace 4 (Grn):

Marker out from
AWG, scope
trigger

&3W 200.0mVidiv #TEY 200.0mV 417.0ns 517.0ns @ e / 620.0mv ‘ 100.0ns/div  1.0GS/s 1.0ns/
&» 80.0mVidiv @T) 80.0mV 10.0ns  417.0ns 517.0ns Triggered Auto Run sample |
7 300.0mVidiv €77 300.0mV 417.0ns 517.0ns 83 460 acqs RL:1.0k

@™ 1.0Vvidiv @ 1.0v 10.0ns  417.0ns 517.0ns Auto  September 16, 2020 0

-294mV
1.583V
1.877V
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File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n

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

&P 80.0mVidiv 8,:1.0G A} /620.0mv 100.0ns/div  1.0GS/s 1.0ns/
@ 1.0Vidiv LIToNE,:2.0G | Jriggered  Auto J| Ryp sample l
@277 80.0mV 10.0ns  509.8ns 609.8ns 127 acgs RL:1.0k
@D 1.0V 10.0ns  509.8ns 609.8ns ) Auto  September 16, 2020

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

|

4

-
I HU Ulru il i H

Trace 1 (yel):
Preamp output
(TP2)

|

\/\n

<

|
il
\
)
|
‘f
|
|
|
|
1
|
|
|
|
i
\
1
i
|
i
\
i
i
I
1
i
|
i

& 200.0mVidiv By:1.0G _Te ; 100.0ns/div. = 1.0GS/s 1.0ns/
W 1.0Vidiv L{TolE,:2.0G | T \ Run Sample 1
#T%) 200.0mV 509.8ns 609.8ns 106 acqs RL:1.0k
@ 1.0v 10.0ns  509.8ns 609.8ns Auto September 16, 2020 0
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Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

T T T T T \ 4 T T T T T T T T

13 output

a7 300.0m! . @® / 620.0mV 100.0ns/div.  1.0GS/s 1.0ns
» 1.0Vidiv N2 Triggered  Auto | gyp Sample 1
T 300.0mV 509.8ns 609.8ns ; 166 acqs RL:1.0k
@7 1.0V 10.0ns  509.8ns 609.8ns ; Auto  September 16, 2020
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File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n Tek ! !

Curs1 X Pos 0
530.11ns
Curs2X Pos (@) |

532.59ns

J3 output
long pulse
Risetime
@7 200.0mV/div LITelE,:2.0G | 530.11ns E®» / 620.0mv 100.0ns/div 1.0GS/s 1.0ns/
T 1.0Vidiv 50Q 532.591ns None ~~ Auto
7T 200.0mV 516.1ns 566.1ns m 138 acqs RL:1.0k
@W) 1.0V 50ns  516.1ns 566.1ns 403.063MHz Auto  September 16, 2020 0
Cursor Controls Source Cursor Type
Cursor 1 Cursor 2 V Bars Waveform Screen
Ch3 Ch3
T« @ W
Curs1 X Pos 0
542.46ns
Curs2 X Pos (%) |
544.89ns
J3 output
long pulse
Falltime

@7 200.0mVidiv 50Q 542.46ns H e / 620.0mv 100.0ns/div  1.0GS/s
T 1.0Vidiv 500 GRFXER 544.891ns Nome ~~~~ Auto

T 200.0mV 516.1ns 566.1ns 2.431ns 138 acqs

@D 1.0V 5.0ns  516.1ns 566.1ns 411.353MHz Auto  September 16, 2020 0

Cursor Controls Source Cursor Type
Cursor 1 Cursor 2 V Bars Waveform

@ 0O @
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File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

- — I —T—T
Curs1 X Pos gy ’ ;
548.62ns
Curs2 X Pos (3 |

551.19ns

J3 output
Short pulse
Risetime
T 200.0mVidiv ( 548.62ns @T» / 620.0mV 100.0ns/div. 1.0GS/s 1.0ns/
T 1.0Vidiv 500 551.191ns HMene  Awo
T 200.0mV 542.6ns 562.6ns X 138 acgs RL:1.0k
arn 1.0V 2.0ns 542.6ns 562.6ns Auto September 16, 2020 0
Cursor Controls Cursor Type
Cursor 1 Cursor 2 V Bars Waveform Screen
Ch3 Ch3
Curs1 X Pos 6
554.5ns
Curs2X Pos () |
557.03ns
J3 output
Short pulse
Falltime

@7 200.0mVidiv ( 554.5ns @T» / 620.0mV 100.0ns/div 1.0GS/s 1.0ns/
@D 1.0Vidiv 500 557.031ns WNorle: — Ao »

T 200.0mV 542.6ns 562.6ns 2.531ns 138 acgs RL:1.0k
@ 1.0V 2.0ns  542.6ns 562.6ns 395.101MHz Auto September 16, 2020 25

Cursor Controls Cursor Type
Cursor 1 Cursor 2 V Bars Waveform Screen

@ B G
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File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n
T T v T T T T T T
Curs1 X Pos gy
549.78ns
<
Curs2 X Pos ()

555.81ns

J3 output,
measuring width
at 600mV (rx
threshold level)

6.031ns

4

1
i
i
I
i
i
|
}
i
]
]
]
1
1
]
]
]
]
1
1
]
]

]
:
1
1
]
]
]

e
%
|

@™ 200.0mV/ LMol 5,:2.0G % -meZ0.0mV 100.0ns/div 1.0GS/s 1.0ns/ |
D 1.0Vidiv 500 Nome  Auto

T 200.0mV 542.6ns 562.6ns T 138 acqs RL:1.0k

arD 1.0v 2.0ns 542.6ns 562.6ns Auto September 16, 2020

Y Cursor Controls Cursor Type
Cursor 1 Cursor 2 V Bars Waveform Screen
Ch3 Ch3

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

. VT
Position a)
84.36%
Factor () [}

20

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

a7 80.0mVidiv 500 @ e / 620.0mvV [100.0ns/div  1.0GsIs 1.0ns/
aT» 1.0Vidiv LIIoNE,:2.0G | L. ] T

T 80.0mV 5.0ns 527.6ns 577.6ns 331 acqs RL:1.0k
a 1.0v 5.0ns  527.6ns 577.6ns Auto September 16, 2020 0.
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File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

e

AT AAAN

1
J I\

h

VJw\.i

M
||

i ‘W

u

Position

84.36%

Factor

A_ni M »un»\ it

R

Differential output:

E
ol 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(t
p7)

[ @=m 70.0mVidiv
«T» 70.0mVidiv
@ 1.0vidiv
@T» 70.0mV 10.0ns

8y:1.0G
By:1.0G
500 CENISH

502.6ns 602.6ns

502.6ns 6026ns | [[@@T® / 620.0mv

502.6ns 602.6ns

#Z1%» 70.0mV 10.0ns
& 1.0V 10.0ns

File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

H‘
R

W A A A At A pAAm A

@ 1.0vidiv

@7 70.0mV 100.0ns
@ 1.0V 10.0ns
#TT 70.0mV 10.0ns

500

502.6ns 602.6ns
502.6ns 602.6ns

BPG DA Test Results

\ 4l

A
[\r AN b Anr A ALY 1M b A gAY Wiy ANy e

Triggered Auto Run

[100.0ns/div  1.0GSIs
Sample
339 acqs RL:1.0K

Auto September 16, 2020 03:39:

1.0ns/

A4 W
\H H

Waveform Math
(Ch1-Ch2)

@7 / 620.0mV

Triggered Auto Run

Page 66 of 73

1.0GS/s
Sample

 100.0ns/div 1.0ns/

1335 acqs RL:1.0k
Auto September 16, 2020 03:40:46

September 16, 2020




File | Edit | Vertical | HorizZAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n

Curs1 X Pos (3}
551.58ns
Curs2X Pos (3 |

553.41ns

Waveform Math
(Ch1-Ch2)

Short pulse
risetime

@» 1.0Vidiv 500 : @ T / 620.0mV 100.0ns/div  1.0GS/s 1.0ns/ |
@ 60.0mV 100.0 None Auto

D 1.0V 2.0ns 545.4ns 565.4ns A £ 1497 acqs RL:1.0k
2T 60.0mV 2.0ns 545.4ns 565.4ns 5 W Auto September 16, 2020 47

¥ Cursor Controls Source Cursor Type

Cursor 1 Cursor 2 V Bars Waveform Screen
Math 1 Math 1

A4l
Curs1 X Pos (a)
557.02ns

Curs2 X Pos ()

559.35ns

Waveform Math
(Ch1-Ch2)

Short pulse Falltime

TTH 1.0Vidiv 500 GMEXISH 7 ] 100.0ns/div  1.0GS/s 1.0ns/ |
@TH 60.0mV 100.0ns None  Auto 1
@ 1.0V 2.0ns  545.4ns 565.4ns ™2 1497 acqs RL:1.0k

T 60.0mV 2.0ns  545.4ns 565.4ns : Auto  September 16, 2020

Cursor Controls Cursor Type

Cursor 1 Cursor 2 V Bars ‘Waveform Screen
Math 1 Math 1
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File | Edit | Vertical | HorizAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n
Curs1Y Pos (a)

Curs2Y Pos ()

384.65mV

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.

&» 70.0mVidiv ﬂN 1.0G . 100.0ns/div. = 1.0GS/s 1.0ns/
m 70.0mV 10.0ns  502.1ns 602.1ns one____AWI0 l
334 65mV 29 acqs RL:1.0k

Auto September 16, 2020 04:20:10

i Cursor Controls Source Cursor Type
Cursor 1 Cursor 2 H Bars V Bars Waveform Screen
Ch1 v Ch1 A [

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.
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Changed Gain of differential output driver amp to Av = +4 (R17 & R24 changed to 62 ohms)
File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

MMM N TUREFY MM
LYY [Lﬂfb‘ IWRRLY LFU L{ L 'q

§

V[
Vi i L)

Differential output:

RJ-45 Test cable
connected, with
100 ohm Rterm on
Grn/Wht-Grn
wired.

o

Trace 1 (yel):
Diff Amp_Out_p
(tp6)

Trace 2 (blu):
Diff_Amp_Out_pn(t
p7)

i T B o T T o T 0 T~ T ) T T

@=» 200.0mV/div By:1.0G HT™™ / 620.0mv 100.0ns/div 1.0GS/s 1.0ns/
@B 200.0mVidiv 8,:1.0G 7 Triggered  Auto | gyy sample

@T%) 200.0mV 504.4ns 604.4ns _ 193 acqs RL:1.0k
T 200.0mV 504.4ns 604.4ns Auto  September 16, 2020 0

Curs1Y Pos a) ‘P !

|
-12.0mV \ i

h—
m——

Curs2Y Pos () |

833.25mV

Waveform Math
(Ch1-Ch2)

o 150.0mV 100.0ns / 620.0mv 100.0ns/div. 1.0GS/s 1.0ns/
@I 150.0mV 504.4ns 604.4ns &7 833.3mV Auto Run sample 1
@ (845.3mV 333 acqs RL:1.0k

Auto September 16, 2020 07:17:11

I Cursor Controls Source Cursor Type
Cursor 1 Cursor 2 V Bars Waveform Screen
Math 1 v Math 1
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File | Edit | Vertical | Horiz’Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n
Curs1 X Pos (3}
551.72ns
Curs2 X Pos () |

553.69ns

100.0ns/div  1.0GS/s 1.0ns/ |

a7 110.0mV100.0ns
AT 110.0mV2.0ns 544.4ns 564.4ns

1162 acqs RL:1.0k
507.614MHz Auto  September 16, 2020 07:

File | Edit | Vertical | Horiz/Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help ‘n
v
Curs1 X Pos e
557.26ns
Curs2 X Pos ()

559.41ns

AT 110.0mV100.0ns Me® / 620.0mV [100.0nsidiv  1.0GS/s
AT 110.0mV2.0ns  544.4ns 564.4ns ‘ 7 MNone  Auto
———————————— 1162 acqs
Auto  September 16, 2020 07
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Changed U4 to EL5166 / R12 = 750 ohms / R10 = 374 ohms

File | Edit | Vertical | HorizAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n
T ——q————— . . - - - - - .

.

@7 200.0mVidiv

@ 1.0vidiv Triggered Auto

Mean St Dev

T T N S 2

Count Info

200.0mVidiv

1.0Vidiv

200.0mV
T 1.0V

50Q 620.0mVv

(_Triggered Auto
538.8ns 738.8ns

20.0ns  538.8ns 738.8ns

Value Mean St Dev

oosiazieoodp oo Ji [size
00 osriereop o0 fien |
2.4841713n |2

Count
5.561k

Info
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100.0ns/div 1.0GS/s 1.0ns/

Run Sample

372 acqs RL:1.0k
Auto September 17, 2020

Curs1Y Pos (a)
(XY

Curs2Y Pos ()

1.24v

100.0ns/div
Run

1.0GS/s
Sample

1.0ns/

5560 acqs RL:1.0k
Auto September 17, 2020 0.

September 16, 2020



Edit | Vertical | HoriziAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n Tk M =

B 4 T
Curs1 X Pos gy
548.4ns

Curs2 X Pos (3

550.4ns

200.0mVidiv 3 ¥ @7» / 620.0mV 100.0ns/div 1.0G 1.0ns/

1.0Vidiv [IoWE,:2.06 | ; None ~ Auto |
200.0mV 542.7ns 562.7ns _ 6 373 acqs RL:1.0k
1.0V 2.0ns 542.7ns 562.7ns Auto September 17, 2020 0

St Dev Count Info

-

Edit Tek B &
Curs1 X Pos (3}

554.54ns

Curs2 X Pos ()

556.86ns

200.0mV. 500 554.54ns 100.0ns/div  1.0GS/s 1.0ns/ |

1.0Vidiv LlIolE,:2.0G | 556.86NS None  AU0 | preview l
200.0mV 542.7ns 562.7ns ¥ 0 acqs RL:1.0k
) 1.0V 2.0ns 542.7ns 562.7ns Auto September 17,2020 0

Value Mean i St Dev Count Info

[
bss oo fw o o [0 | e
RaStns —pasisEsen [24oin s oo [0 | o
2 o 0|

2.4526349n
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File | Edit | Vertical | HorizlAcq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n

Curs1 X Pos e

549.5ns

Curs2 X Pos (3) |

555.82ns

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
a7 200.0mVidiv @@ So2omy |[1000nsdiv 1.06ss  A0nsi point (Ideal value =

—————————
oD 1.0Vidiv 500 7 MNone  Auto J| preview 1 6.1538ns)
7T 200.0mV 542.7ns 562.7ns z 0 acqs RL:1.0k

@ 1.0V 2.0ns 542.7ns 562.7ns 7 Auto September 17, 2020

Value Mean St Dev Count Info

= 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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