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Anode
 PMT

Modul
  HV

Photostrom

Diskriminator

Amplitude

Zeit−Ldg−Konv.

Temperatur

Betriebsspannungen
Referenz− und

Ratenzähler

MUX

high

vcc
vdd
vee

vref

low

tac

pmi

rate

temp1

temp2

hvi
hvu
hvstat
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Einstellung Filterrad [digitale Einheiten]

Messungen im low-gain

Messungen im high-gain

dynamischer Bereich (high-gain) 160 Phe

dynamischer Bereich (low-gain) 3000 Phe

7.02 * exp( 617 * 10e-6 * filter)
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hvu [Hochspannung]

Pixel 32

1.02 * exp (0.000666 * hvu)

Pixel 110

0.69 * exp (0.000655 * hvu)
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0.42 * exp (0.000655 * hvu)
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Entries  125
Mean    99.13
RMS     26.55

 / ndf 2χ  30.64 / 16
p0        1.599± 10.44 
p1        3.012±  96.1 
p2        3.049± 23.85 
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Mean    99.39
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Hochspannung des vermessenen Pixel [V]

Fehlerbalken: Einzelwertstreuung bei der Mittelung ueber die uebrigen Pixel

(14.2 pm 0.4) nsec + hv * (0.0159 pm 0.0005) nsec/V
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Mean    31.65
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p0        1.321± 9.558 
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Entries  24

p0        4.004± 929.9 

p1        0.03613± 123.7 

p2        0.0147± -2.207 
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p0        4.004± 929.9 

p1        0.03613± 123.7 

p2        0.0147± -2.207 
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Entries  24

p0        3.417± 665.2 

p1        0.04264± 123.7 

p2        0.01808± -2.207 

externes Delay [ns]
115 120 125 130 135

A
m

p
lit

u
d

e 
(h

ig
h

-g
ai

n
) 

[A
D

C
-h

ig
h

]

0

100

200

300

400

500

600

700
high_extdly_74
Entries  24

p0        3.417± 665.2 

p1        0.04264± 123.7 

p2        0.01808± -2.207 

high_extdly_16
Entries  24

p0         3.64± 646.8 

p1        0.04375± 122.6 

p2        0.01974± -2.264 
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opt_extdly
Entries  124

Mean    123.9

RMS    0.6771

 / ndf 2χ  8.201 / 15

Constant   1.67± 13.82 

Mean      0.06608± 123.9 

Sigma     0.05557± 0.674 
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Mean    124.2
RMS    0.4709

 / ndf 2χ  20.77 / 9
Constant  3.128± 23.13 
Mean      0.04024± 124.3 

Sigma     0.03929± 0.3706 
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Mean    35.98
RMS     2.526
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Constant  1.046± 6.798 
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hi_46
Entries  201558
Mean     1266
RMS     47.87

 / ndf 2χ   1157 / 58
Norm       1765± 7.996e+05 
Ped       0.06664±  1227 
PedWid    0.05085± 11.98 
ADC2PE    0.2275± 45.87 
SPEWid    0.004672± 0.5431 
Lambda    0.005306± 0.8723 

Amplitude [high-ADC]
1200 1250 1300 1350 1400

E
re

ig
n

is
se

 [
#]

0

2000

4000

6000

8000

10000

12000

hi_46
Entries  201558
Mean     1266
RMS     47.87

 / ndf 2χ   1157 / 58
Norm       1765± 7.996e+05 
Ped       0.06664±  1227 
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ADC2PE    0.2275± 45.87 
SPEWid    0.004672± 0.5431 
Lambda    0.005306± 0.8723 

Gate-Breite 10 ns

hi_46
Entries  209423
Mean     1189
RMS     68.56

 / ndf 2χ  833.5 / 81
Norm       1841± 8.339e+05 
Ped       0.06895±  1130 
PedWid    0.05474± 14.19 
ADC2PE    0.2649± 68.28 
SPEWid    0.004343± 0.4841 
Lambda    0.004409± 0.9107 
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Gate-Breite 13 ns

hi_46
Entries  181072
Mean     1290
RMS     82.85

 / ndf 2χ  679.3 / 102
Norm       1713± 7.216e+05 
Ped       0.08448±  1217 
PedWid    0.06727± 16.47 
ADC2PE     0.33± 85.35 
SPEWid    0.0046± 0.4666 
Lambda    0.004522± 0.926 
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Gate-Breite 16 ns
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Entries  79677
Mean     1251
RMS     100.1

 / ndf 2χ  488.6 / 119
Norm       1135± 3.17e+05 
Ped       0.1487±  1162 
PedWid    0.1231± 18.72 
ADC2PE    0.6315±   100 
SPEWid    0.008518± 0.4596 
Lambda    0.007397± 0.9341 
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Gate-Breite 19 ns
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Entries  244819
Mean     1267
RMS     109.9

 / ndf 2χ  875.8 / 132
Norm       1992± 9.761e+05 
Ped       0.09717±  1167 
PedWid    0.07764± 20.86 
ADC2PE    0.3694± 108.4 
SPEWid    0.004429± 0.4495 
Lambda    0.004191± 0.9653 
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hivslo_1_pfx
Entries  15784

p0        2.456± 60.51 

p1        0.00651± 19.24 

low-gain Amplitude [ADC-low]
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Entries  59

Mean    19.23

RMS    0.5787

 / ndf 2χ  5.151 / 9

Constant  2.371± 11.56 

Mean      0.07072± 19.25 

Sigma     0.07667± 0.4735 

Verstaerkungsverhaeltnis [ADC-high/ADC-low]
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highsum_band1
Entries  1989
Mean    19.02
RMS     1.274

 / ndf 2χ    239 / 69

p0        2.907± 92.25 

p1        0.01878± 18.68 

p2        0.01559± 0.7528 
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Entries  1976
Mean    25.03
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highsum_band3
Entries  1998
Mean    33.54
RMS     1.518

 / ndf 2χ  76.63 / 77

p0        2.074±  68.9 

p1        0.02627± 33.33 

p2        0.02246± 1.098 
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Entries  1963
Mean    44.81
RMS     1.828

 / ndf 2χ  116.9 / 88
p0        1.645± 55.28 
p1        0.03119±  44.6 
p2        0.0243± 1.307 
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highsum_band5
Entries  1996
Mean     60.4
RMS     2.196

 / ndf 2χ  115.9 / 99

p0        1.341± 46.28 

p1        0.03805± 60.18 

p2        0.02852±   1.6 
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highsum_band6
Entries  2000
Mean    82.64
RMS     3.218

 / ndf 2χ  138.7 / 132

p0         1.08± 36.41 

p1        0.04808± 82.32 

p2        0.0379± 2.002 
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dist_abweich
Entries  121

Mean    1.104

RMS    0.03446

 / ndf 2χ  24.86 / 22

Constant  1.196± 7.802 

Mean      0.003742± 1.108 

Sigma     0.004651± 0.03194 
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Mean    32.64

RMS     2.477

 / ndf 2χ  20.36 / 15

Constant  0.9512± 5.078 
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Sigma     0.6072± 3.014 
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Mean    17.79
RMS     8.689

 / ndf 2χ  53.56 / 23
p0        0.06035± 37.36 
p1        0.03098± 3.096 
p2        0.01833± 1.308 
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dist_p1
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Mean    2.975

RMS    0.3716

 / ndf 2χ  14.12 / 18

Constant  0.922± 5.414 

Mean      0.05845± 2.971 

Sigma     0.0609± 0.4048 
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Mean    1.358

RMS    0.1389

 / ndf 2χ  12.73 / 13

Constant  1.481± 8.402 
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Sigma     0.0189± 0.1329 
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Mean    32.91

RMS     0.418

 / ndf 2χ   17.3 / 16

p0        10.08± 439.3 

p1        0.00766± 32.91 

p2        0.005828± 0.4154 
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Amplitude (high-gain) [Phe]
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Amplitude (high-gain) [Phe]
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Mean    28.36

RMS    0.08614

 / ndf 2χ  571.8 / 57

Constant  12.92±  1739 

Mean      0.0005035± 28.36 

Sigma     0.0003776± 0.08186 

Verteilung der tac-Werte [nsec]
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Mean   0.09727

RMS    0.02452

 / ndf 2χ  26.26 / 21

Constant  1.441±  9.35 

Mean      0.002211± 0.08995 

Sigma     0.002573± 0.01916 
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 / ndf 2χ  38.17 / 28

p0        1.302± -3.943 

p1        0.1162± -1.204 

p2        0.6818± 3.351 

p3        0.1121± 5.102 

p4        1.144± 20.97 

p5            0± 1.804 

p6            0± 1.021 
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eff_lvl0_gate
Entries  189

Mean    3.437

RMS    0.7551

 / ndf 2χ  16.84 / 23

Constant  1.528± 14.48 

Mean      0.0619± 3.454 

Sigma     0.0552± 0.716 
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Diskriminatorschwelle [Phe]

Vergleich: erwartete und gemessene Rate nn == 2
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Diskriminatorschwelle [Phe]

tatsaechliche Rate (Multiplizitaet: 2)

Erwartung aus Einzelrate (ind. Raten und Koninzendenzzeiten)

Erwartung aus Einzelrate (gemittelte Werte)
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Kombination aus 50ns− & 0.5ns−Schritten
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Anzahl der Schalttakte (je 100 ns)
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in Schritten von 50ns

in Schritten von 50ns
Dauer eines analogen Reset

Taktsignal an die AD−Wandler

Takt des Kamerakontrollers
Synchronisation des Lvl−2 auf den:

Verzögerung des Ausleseprozess

Verzögerung des Start− und des

feste Verzögerungszeit (750 ns)
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Verschiebung des Taktes gegenueber dem Multiplexerpattern [ns] 

181. Sample
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Constant  0.006277± 6.653 

Slope      13.8± -3157 
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Anzahl der Multiplexerkanaele pro Ereignis und Segment [strobes]

VP 315 022

�n������/7�@���% �.1 � �H/<+�!"� ��!� +&@� �%&�!/��� ������!��!-������%#���� , �� ��� �n��� B+(��%#��%& &�!�S! )�!�2!-������%#�)�� :
%#� B'�$#�?�@������ )��� �G�	a2 	%��� Q�\ � � O%O 	 +&@� �!�7���!� � �,+(/�'#%(:�24��%#�S!�+&/ :ZY +&���/7�!� :. A'F�@�/	$«N#6«NQ)Q���\�: ����	�� 24@������ ��������� �*�!����'F��� ������!� � +(� ���"+�!�����%&%#�!� �=�!����!� �+%����� � �����J!-� :
�!�7%#���� , ��5���(���!@�%1!�f*+&/� �+&@3 �%#��/��+ ��!� � ��������  �B'#������� 1
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24���"! ���!�7%#���� ��"+�!�� � ) � ������ ���^�n���9B+&��%#�7%# &����! )�!� !-������%#�)�� �%&�CB'�$#� 
 �7� � ; � � � ) ��� � �-#�����0�+ � ��!� @��� �� �! �7�9�n���)��/�)@���% �.1 � %#��%#�!� ��7�+ ��4+&@�
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Rate der ausgelesene Ereignisse [#/sec]

VP 315 022

AD_Wandler (ohne Messprogramm): 36.7 MByte/sec

AD_Wandler (mit Messprogramm):  36,7 MByte/sec - Rate *  40 Byte/Ereignis

AD-Wandler und FiFo: 36,6 MByte/sec - Rate * 239 Byte/Ereignis
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Rate der ausgelesene Ereignisse [#/sec]

VP PSE P35

AD_Wandler (ohne Messprogramm): 25.8 MByte/sec

AD-Wandler (mit Messprogramm): 25,8 MByte/sec - Rate *  37 Byte/Ereignis

AD-Wandler und FiFo: 25,8 MByte/sec - Rate * 187 Byte/Ereignis
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�%����� ��!X�	Q ��� ����%#�V�3!K ������?������� 25+�!"�����"+�!��4-&'#� O	��� � H � � � �

� � �
1&24���4a	�� "+&�����G
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�=�!�����)�!������ 25+�!��!����+�!"���0)�!�	����������9�G�	a :. A'F�@�/7�e �����3���� 25+�!��!�D��/ B+�!,!��!���3���7���@!	�!@
�!�@!����!���0�!�61 � ������# �!��!@������ ����"�� 5! :8� @� B@������ ��������� �)� @������+ a<���V-&�!�, �� #(# � :�� ���V�
+&� 1(24���� ���� +&�h������!"�U! �0��! �%
 +1 6! �,+&��)� +&���G� �$!"�D:h � +%��������%
��1 24��� �n� �=�!�7���F@)��%5������k-#�!� :
� @3!�/��7���?�@������3@��@!��!�, ����������/��7�����'� �D���7���@���% 
 � �(: � Q)O : � �S!�� ��� � @���)�"+ :.� ������ +&�?)�!�
�:�*# : � @3 	@��)A@��@!��!�, ����������/��7�����k���*# :.� �����3 B+�!(�!��-#�!��@��, �+&���@! 1
� ��� � � �,���(�&��������� ���&'�� ���8�����	� ��
���

24�!�4+ ��+ ' ��� ��-��'1!�'1! � �����j (�*�!�7�����!�6!�!-������%#�)�� ���j�!'#%#��� 25+�!��!� )�+ G� +&�0�!��+ :E�5'#�[!"��'&/;:
/����, 9@��) )�+ �$����%#%&�!�(�*' +&��� !1j#��� �%&�+ "+(��! � �������� � � � �$!"�0�)��'L!-���!�7%#���� ��� + � +,'(:E A'F�@�/
+%��%&�!/���%1! 1.24���� ���$!, (���������@!<�!�7���!� � �@!"����/6+&� ��!� B@������ ��!� �� "! : � @� �+(@� (��@�/��� ��!�)��!�
25+�!��!�k-&'#� ���H� � 1 25+1 1+ � +,'(:E A'.)@�/	���N#��NQ � ���
�< +&���8�F@)�$�@)�����2Q OC: � �S! � /�'F�� @!"�"+(�� h
 ���
�0��!=�!���)�!� � + �.��� +&/���� �=/�'F�� F%&�CB'�$#�C-#'#�;O	� � � �E!��5+&@� �%#�!/7�+ ��!� � �������� 1 25+ ������6@�%#���V�
+&@�
 ��!�X+ ��+ ' �7� � ����%#/7�!��������@��>� �,+(/�'#%(:�24��%#�S!�+&/ :ZY +&���/;�!� /�+&��%� �+&�0�!�5�� 6!@f6���7�� ��7�� ��/��!%%�!�!�S!3��+ �� 5! :8� @� � ��+ 
DB@��?��7� � @� �/��+ ��A)�!� + � +,'(:�25+�!"��� %#� B'�$#�!�3+(/� ?��7� ���*�!�
�*�!�����������U!"�!� �
�H� �  ��!�7� 1 24���� ����'!0���! @!<������ �7��+,'#/7%#�!��)�!� �>@,+&�@!"� �P�!�7�!��!!1

24��� �7� -&'#���������7%#�!� �n�� ��������S!,! ���� ����������j������� �=�+ �!����0� @���%5)�!� � +��)�7� +(/��!�k� @� �/��D:
 ����"+�!��-������5��������@3! �@�������%#�j
�B@)����!!1 24��� 25+T!"�!� ��� + � +,'=�=�!����!�k�!@� B+�!���/��7���8+(@� �%#��/��� ��!�61
24��� ��������@3!"�  A�+ � �@���% �� �!	���;�n������/7�@���%(�.1�� 
 ��� ��'1!	� �+&��%#�� �!��!/�/S! 1 24���'-&'#� ����n/<+�!��+%��� B+&��%#�7%#�2� �@!"����/ ���7�� ��������!� �@)�����E/����)� +&���i B+&����@���%&�*�+ �!����0��!5@��) � +&� �!��� B+&/�!
+&/� �E!��!�7%#@���% 
 ��'�!"�!�23 ���"+&��#�1O Q 	 � �$!"�*�)��'�!-���!��%&���� �1 /��!)@��!�7�!��! � +(� ��7�+ ��� 0!-��%#�j������ 
@�� ����k�	�@!"�!�7/_fC���� +&@����� �����'#�k�����F)�!� +&/�/7�!�7����%#����� ��+&/�'#% : 24��%&��!�+(/;:ZY +&��)/��!�  �+ , �@���%
 %&�&B@����*35�!�"+(���� +&@�
 !�����!�!@f ����� B+(/�! � +(� \ 	�	 � �E!��4�)��'C! ���!�7%#���� �1 25+&�"+&@3  ������$!$� +&�gfC,+1 � 
����*�*�!� B'1!���%1!��'� �@!"����/*��!�	�� "! :8� @� (���!�S!G���� 4��@ ��!� + +& @!"'&� -&'#� � %&�CB'�$#���z ��!�7�  +&���gf
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 !�� +(��� �*�!�7���,+&/S!"��� 1 24���+ �� /�+1 :
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���� + ��+ 'E@��� ���� �G�	a ������! @!9-&�!���0�+ � ���� ���7�� 14!-��� -#'&� ��!� B@������7%#�!� � +&�0�!��+
@��,+ ��� B+&��%&��%#���L�	@�
c�,+&@A�� 6!	�7�5�C�����7/��@��)% �.1��- � >���j�!������!!1�24�7���$����%#%#��� : �.��%#��+&/��n
�B@)�<)�!�
�5'#�@!"��'#/�/7�!� � �������� ,+ �����)�@������3�!���)�!��-@�/� �%#�!�)�!�"+T!"'#� 
 �� ����)Q ��� �!�(���!@�%�! 1 24�7��35�CB'�$#�
�!�7���+ � /7'.�� $ �������;������ �������� � � �$!"� @���`O	� � � �$!"��-(+&�������!�6! 1,24���L+ � +,'- (�*�!�7�����!�6!4,+ :
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Anzahl uebertragener 32bit-Woerter [#]

gemessene Werte DMA-BLT

Fit (<20): 0.37 * Laenge + 2.8

Fit (>20): 0.35 * Laenge + 8.6

Abschaetzung Einzelzugirff: 1 mus/Wort

�n������/7�@���%9�.1 	 � �6@�%&���V�: (���!�S!?��� � �N�'Q O �@)����� )��� �G�	a � ��� � ��! �	Q � � +(@�
4,+� 
+ ��+ ' :. A'F�@�/ ��� #��>:EQ � ���
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D32:   (26.4 pm 0.1) %-CPU / (MByte/sec)

BLT32: (4.6 pm 0.1) %-CPU / (MByte/sec)
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FiFo-Auslese CPU-Load (VP PSE P35)
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fit BLT32: (11.9 pm 0.6) %-CPU / (MByte/sec)

fit D32:   (39.4 pm 3.3) %-CPU / (MByte/sec)
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