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Upstream 2 vs. reference: 10 dB
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Upstream 2 vs. reference: 20 dB
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Upstream 2 vs. reference:

Y ref.
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Upstream 2 vs. reference: 40 dB
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Upstream 2 vs. reference: 50 dB
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Upstream 2 vs. reference: 60 dB
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Upstream 2 vs. reference: 70 dB
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Observed phenomena — charge discrepancy
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010, k as functions of charge & attenuation

14r

121

061

=10

—=20

30

——40

I S =50

S -
a‘g_ﬁ“g_““—*‘mfyﬁ_ﬁ“‘r -

0.4
600

057

0.45f

04r

0.3f

800

1000

1200 1400 1600 1800
(L7

1

& 10
—=—20
30
—9—40
50
60

0.25
600

800

1000

1200 1400 1600 1800

(E,,0?

187
16}
=10
141 e
: —— 30
— =40
12t e 50
— 60
e ——70
i — T
S
N
08 . \ J . . .
600 800 1000 1200 1400 1600 1800
(T
P1
057
045
e —— 10
04f \\
§ ——20
30
0.35 —e— 40
50
03f 60
0.25+
05 . J . . \ .
600 800 1000 1200 1400 1600 1800

(x5

1.4

0.8

0.6

0.4

‘600

0.4

0.35

0.3

0.25

0.2

600

“—10

=20

30

—&—40

—a— “—50

60
Q.\;‘ o ——70

800

1000

1200 1400 1600 1800

(Epw)

€ 10
—=—20
30
—e—40
50

60

800

1000

1200 1400 1600 1800

(x5

11




| [ets]

Q [ets]

50007

4000

3000

2000

1000

-1000

50001

40001

3000

2000

1000

-1000

Limiter phase — average waveforms

5000

high charge

\ —10

\ \ 20

[ 30

\ Voo 40
\ \

\ \ 50

v\ 60
\ \ \ 7
AN

50 100 150
Sample index

—10
20
30
40
50
60
— 70

50 100 150
Sample index

| [ets]

Q [cts]

4000

3000

2000

1000

-1000

5000

4000

3000

2000

1000

-1000

mid charge

—10

20

30

\ 40
50

\ \\
J; \'\ \\ 60
\ —70
/}!’\ N H\ .

50 100 150
Sample index

—10
20
30
40
50
60
—70

50 100 150
Sample index

| [ets]

Q [cts]

5000

4000

3000

2000

1000

-1000

5000

4000

3000

2000

1000

-1000
0

low charge

50 100 150
Sample index

a

i
\
\

\!
N\

50 100 150
Sample index

200

—10
20
30
40
50
60
— 70

—10
20
30
40
50
60
—70

12




Limiter phase — sample-by-sample
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Limiter phase — sample-by-sample
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Limiter phase — sample-by-sample
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Conclusion

* Single-sample reference non-linear as a function of
upstream X for low attenuation (<40 dB)

« Anomalous values of k obtained for 40 dB, mid-charge
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ADC counts

ADC counts
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ADC counts

ADC counts
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ADC counts

AQDOFFyScan29 (60 dB, mid charge)
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AQDOFFyScan30 (70 dB, mid charge)
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ADC counts

AQDOFFyScan31 (10 dB, low charge)
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AQDOFFyScan33 (30 dB, low charge)
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ADC counts
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ADC counts

6 =1.066
4001 or 2000 : : r :
—— 2um
—-1um y =1.8089x + -1.1785 Sample
0 um L 1 _—
200 —— 1 um 08 1500 1 |ndeX =63
2um
-1r
| 2 L& 1000 1 Charge
— 15+ T #hd WA gy i 1 1
normalization
-200 500 1 I
| | using Zp4
1 o
-400 ' : : 25— : : : : 0 : : : : :
50 100 150 4 05 0 05 1 0 50 100 150 200 250 300
Sample index s o oroa
k = -0.4400
5007 or .
F—-2um —— — —
— 4um 1 y 41Q.44001x + -1.0831 MMYW aQ I PA
of 0 um ) 0.5 -05¢ ‘ .
——1um $ /i 2 ekt m WM“ MW”‘ \JW)]
2um \VZ / é
-500 W, At Q 1f
N <C
N 2
c
-1000 A5F S-15F M‘M
Q
Q
[m]
f \ <
-1500 / 200 27 -2 me
-400
-600
60 80 100 120
2000 50 100 150 -3 -2 -1 0 1 2 3 23, 50 100 150 200 250 300
Sample index Mover setting [um] Time [s]

35




ADC counts

ADC counts

AQDOFFyScan35 (60

500

400

3001

200

100

-100

-200

500

-500

-1000

-1500

-2000

—-2um

—-1um
Oum

——1um
2um

/\
J'/-\

60 80 100 120

I

-~ -2um
—-1um
3 0um
—1um

2um

500
f/ \\:
o4 .

-1000

60 80 100 120

50 100 150
Sample index

-0.51

y =2.4197x + -1.4955

6 =1.179

dB, low charge)

bl

-25

057

-0.5 0 0.5
I/x
k =-0.4772

0.47724x + -1.0067

-25
-3

-2

-1 0 1
Mover setting [um]

2000 ; ' ' '
Sample
1500 index - 63
& 1000} Charge
L T R, ki, A normalization
500 USing z:Pl
00 5'0 160 _1150 2(|)O 250
057

ADC counts / ADC counts

A

~ IPA

i U”IJWJI'W
L

50

100
Time [s]

150

200 250

36




AQDOFFyScan37 (70 dB, low charge)
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AQDOFFyScanl16 (50 dB, high charge)
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AQDOFFyScanl7 (60 dB, high charge)
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AQDOFFyScanl18 (70 dB, high charge)
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AQDOFFyScan24 (20 dB, mid charge)
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AQDOFFyScan29 (60 dB, mid charge)
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AQDOFFyScan30 (70 dB, mid charge)
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AQDOFFyScan37 (70 dB, low charge)
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AQDOFFyScan23 (10 dB, mid charge)
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2001

-200

-400

-600

-800

-1000

-1200

1000

500

-500

-1000

6 =0.816

y = 1.0629x + 0.47699

-1 -0.5 0

I/x
k = 0.3210

y =0.32096x + -0.319

0.5

Sample index

1r
—-2um
—-1um
r oum /!
—1um 051
2um |
',\j;
f
if Rn
i 800 g o0
r /Y 600
l'\ J’ 400|
| ,‘f 200f |
i || o4 -
\ )" -200 057
L ‘ f -400
1\}1 0T s 10 120
50 100 150 A
Sample index
- 1 r
———-2um
1um
0 um 057
F——1um
2um In\
—2 N PR )
\ ,
\\\\ ) s 05+
\\\ (," 400
\ 200
i i 0
-200 At
-400
-600
60 80 100 120
: ! . -1.5
50 100 150 -3

-2 -1 0 1
Mover setting [um]

bl

2000

o

ADC counts / ADC counts

1500

1000

500

0.5

-0.5

el MM e wid L Ty
0 5I0 160 . 150 2(|)O 250
. L
Q
W.W. HM sty by Wﬁ#
| o
| i
|

|
J\M‘ﬂ W WH\I
' |
0 5I0 1 60 1 I50 260 250

Time [s]

Sample
iIndex = 63

Charge
normalization
using Zp

67




ADC counts

ADC counts

AQDOFFyScan25 (30 dB, mid charge)

f =0.971
2007 1" 2000 - - ' -
——-2um
—1um y = 1.4639x + 0.57682 Sam ple
or 0um '\, g i -
—1um o5l 1500 | Index = 63
-200 2um e,
WWM Wiyt il “W‘f* {ihaly
400 2 L& 1000} i Charge
00 normalization
08f 00 | using X
,800— g Pl
-1000 : ' : A ‘ . ‘ ‘ 0 : . . .
50 100 150 - 05 0 05 0 50 100 150 200 250
Sample index I/E o roa
k = 0.3217
10001 17 17
——-2um —1
1 um y =0.32169x + -0.22998 Q
0um [ 057 @ 0.5
500 —— 1 um f € MM Wity Wy PR
2um \ . —— é i‘
/ \ o [m]
Y / - < W
¢ ! P i
L/ 7 o 05 é 051 MWNNW
\ [+]
\\\ / 0 8
-500 R, < WW
\// 500 1 ar
-1000
60 80 100 120
Ll 50 100 150 -3 -2 -1 0 1 2 3 0 50 100 150 200 250
Sample index Mover setting [um] Time [s]

68



ADC counts

ADC counts

AQDOFFyScan27 (40 dB, mid charge)

6 =0.622
5001 1r 2000 " ' y "
—-2um
—-1um : y = 0.71656x + 0.40821 Sam ple
ok 0 um a . -
—— tum i 1500} I Index = 63
2um
500+ Pl hi \Mﬂ'\,ﬂ-ﬂ“' WM LU
g 9 & 1000} i Charge
-1000 : .
normalization
05F 500 1 I
-1500 0 US|ng ZPl
-1000
60 80 100 120
-2000 : : ' P . . " ' 0 ; ' ' '
50 100 150 15 2 05 0 05 0 50 100 150 200 250
Sample index /s T
k = 0.3900
1000 1r ir
—-2um )
— 4um y = 0.38998x + -0.42459 Q
| 0 um ."Ill" 051 @ 051 o
500 1 um [ = W“*M"*f I
2um N 3
== A - |
| 3 o iy
o <
c
-05¢ 3-05f m
[&]
S |
-500 < WM(M
1 Ar
WW
1000 50 100 150 -3 -2 -1 0 1 2 3 ! 50 50 100 150 200 250
Sample index Mover setting [um] Time [s]

69



ADC counts

ADC counts

AQDOFFyScan28 (50 dB, mid charge)
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AQDOFFyScan29 (60 dB, mid charge)
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AQDOFFyScan30 (70 dB, mid charge)
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AQDOFFyScan31 (10 dB, low charge)

ADC counts

ADC counts

2001

-200 1

-400

-600 [

-800

600

400 1

200

-200

-400

—-2um
—-1um
0um

F——1um

2um

—-2um

—-1um
Oum

——1um
2um

50

100
Sample index

400

I 200 . .
n ’ @/;" -
i 1‘ -200 \/

|
v |L -400
60 80 / 00 120

50

100
Sample index

150

Q/E

1r

051

-0.51

6 =0.770

y = 0.97053x + 0.50985

0.5

-05

I/
k = 0.3349

y = 0.33486x + -0.065469

bl

2000

o

ADC counts / ADC counts

1500

1000

500

o
o

o
T

o
o

250

L T WAy At
0 50 100 . 150 200 250
7 |
M‘J‘"Wy VA et W\N A
Hr ‘
J"} U |
0 50 100 150 200
Time [s]

Sample
iIndex = 63

Charge

normalization

using Zp

73




AQDOFFyScan32 (20 dB, low charge)
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AQDOFFyScan33 (30 dB, low charge)
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AQDOFFyScan34 (40 dB, low charge)
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AQDOFFyScan35 (50 dB, low charge)
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AQDOFFyScan35 (60 dB, low charge)
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AQDOFFyScan37 (70 dB, low charge)
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