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´�r�¥4ç|snuew|m�mor,g��� 

ò óPº	»Y¸¢¹"ô�õ?¸¾¼ ö%¸¾¼ º	õ¨ö%¼Qô�»Y½Q¹Óõ?÷yõ¨¿�¹ º	»P¸¾À|¿�ø
¡�uorÁ� i|q{~Qp�� ��i|x{~kw|m`~4r,g r,��r,m`~�q]i���~kuorY¬��}f�«#��x{i�mk~�lár,me��w|m��°x{r,w|�olái��o~
r,g r,s�~�x{i�mep�s�q4wyx{r�~kuor*�ªi�g�g ikj�p�m|z�É
ù}únû üEý4þ�ÿ�þ�����ÿ����Kÿ�þ��
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¡�uor]¥t��¡:uewyq¨g ikj ±®�ew|m`~k���Ür��Is�p r,m�s��h��� Å|â|î��tw|me�1g ikj z�w|p�m¾���
Å|ä|�� Â¡�u|r5�}´I�¾¬���f�«¾z|x{i��o�×w|s�s�r��e~�r,�°~ku�p q�i|�e~kp i�m¾�ªi|x4~kuorÁ¬�me�1��wy�
s�w|g i|x/p�� r�~�r�x+§�r,s�w|�oq{r�i��®~kuortuep z�u�xcw|�ep�wy~kp i�m�xnr�q/p q{~kw|mes�r, �¡�u|r���´Q��z|x{i��o�'Ô
�oq/p�moz°¥4��¡ x{r,w|�oi��|~kÔ�w|svuep r��|r,�Ew|m°r,±®�ep �²w|g r,m`~Qmoi�p q{r?~�r�x/� i��7£|³|äG´*r�¥
��Å|æ|äY´*r�¥tç|svuew|memor,g��� ï¡�uep q*~�r�xc� p q°moi|~*q{ihp�� ��i|x{~kw|mk~I��i|x]~kuor¨r,m|r�x{z|�
x{r�q{i�g��o~kp i�mIwy~�Å|ä|ä�¤+r�¥­r,mor�xnz�p r�q/ 

�¯ê�ë:�ep i��|r�q]wyx{rIw|mÛi|�e~kp i�mY��i|x�~kuorQf7«²ê���¬×¬���f7«D �¡�u|rI�¯ê�ë:�ep i��|r
uewyq�moiÛw|� ��g�p �'s�wy~kp i�meÔDw|me�?p ~�qt±���w|m`~k�e� r��Qs�p r,mes��Gp q<wy§�i��o~���â|ä�ã��|ä|��î� 
¡eitz|r�~�w�x{r,wyq{i�m�wy§�g �°g i/jïmoi�p q{r*g r��|r,g�Ô�~ku|r*�¯ê�ë×�ep i¯�or4���oqn~"§�r��oq{r,��j�p ~ku
w�svuewyx{z|r�láq{r,moqcp ~kp �|r��ex{r,w|��g�p ��r�x/ +¡�uep q+q{r�~�q+~kuor4g ikjïg�p���p ~��ªi|x�~kuor x{r�qn�Ri�m|q{r
~kp�� rI~�i � i|xnrI~kuew|mhä| �â��¯q{r,s� :�¯ê�ëí�ep i¯�or�q5wyx{rQq{r,moq/p ~kp �|rEmoi|~]i�meg ��~�i
i|�e~kp�s�w|g"��uoi|~�i�moqcÔ+§��o~5w|g q{i1~�i snuewyx{z|r,�P�'wyx{~kp�s�g r�q/  ¡�uorQx{r,wyq{i�m�p q¢~kuewy~
§Rr,s�w|�|q{r¢i��K~kuorGæ|ä|ä����å~kuep�sáà¯mor�q{q*i��K~kuor��]ã������emes�~kp i�m�Ô	~kuor¢��wyq{q/p�m|z
��wyx{~kp�s�g r��or���i|q/p ~�q"r,mor�x{z|�*r,±®�ep �²w|g r,m`~+~�i¨£|ä|ät´�r�¥:p�m�~ku|rt��ê�ë ��p i��or���~kuep q
p q�à�m|ikj�m¨wyq�~kuor����em�snu<~kuox{i��|z�utr��(r,s�~k 
¡�uortf���� p q w���uoi|~�i¯�or�~�r,s�~�i|x��ªi|x�~kuort��´Q��§�wyx{xnr,g�¬��}f�«� �¡�uor<��´I�

~�r,w|�¦w|me�7~kuor��7f�´Qf7´IfK¡�� � �Ki|x{��i|x/wy~kp i�m4uew��|r}§Rr�r,m4�|r��|r,g i|��p�moz�~kuor�q{r
��uoi|~�i¯�or�~�r,s�~�i|x{qÛ�ªi|x�~�r,mI�|r,wyx{q/Ô}w|me�Y��i|x{r%~ku�w|mYÅ|æ|ä|Ô�ä|ä|äGf7��� é qtj�p�g�gD§�r
�ex{i¯�e�es�r,�]��i|x�~ku|r4�}´I�<§�wyxnx{r,g�s�w|g i|x/p�� r�~�r�x4��æ4f����7é q}�Rr�x��������"�4s�x{��qnl
~kw|g��� 7¡}uor*uep z�uÛg r��|r,gei��(z�w|p�mI��â|äylnÅ|ä|ä|� w|me�t~ku|r]uep z�u¨±®�ew|mk~k�e�­r��Qs�p r,mes��
��â|ä�ã!�|ä|î����*wyà|r�~kuor*� i|qn~�wy~�~�x/w|s�~kp �|r<i|�e~kp i�me 
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��g�p �er�x{q/ �¡�uor?f�«eê���¬ ¬��}f�«Iz|x{i��o��p q7��g�w|memep�m|z*~�iG�oq{r¢snuewyx{z|r�láqnr,moq/p ~kp �|r
w|� ��g�p �er�x{q%j�p ~ku g ikj moi�p q{r1w|me�ÂwYg ikj p�mo���|~Is��ox{x{r,mk~.-�Ù	¬�¡­~�xcw|moq/p q{~�i|x
�oi��o§�g r�~ wy~�~kuor4p�mo���o~k "¡�uor�r,g r,s�~�x{i�mep�s moi�p q{rtp q�r�qn~kp���wy~�r,��~�i�§�r<g r�qnq�~kuew|m
â|ä|ä4r,g r,s�~�x{i�moq�j�p ~kuep�m¢~ku|rIÅ|äÛmoqnr,s7x/p q{r�~kp�� rQw|me�¢~kuor��'�eg q{rÛ�e�oxcwy~kp i�m?i��
ä| �æ�� q{r,s� 0/5rt�oq{r,���ªi|x�i��ox�q{~k�e�ep r�q�~kuor�f7«²ê���¬?�exnr,w|� ��g�p �er�x�j<p ~ku*w+z�w|p�m
i���æ<¥4çy���BÄ 1|ÆÇ %¡}uor¢f7«²ê���¬1z|xni��o�°i|§e~kw|p�mor,�Gw?moi�p qnr?g r��|r,g¯i��32yl*4?´*r�¥
�Rr�x�svuew|memor,g� 

��´Q�Â�or��|r,g i|��r,��wPsnuewyxnz|r�láq{r,moq/p ~kp �|rÂw|����g�p �er�x¢j�p ~kuhÅ54|ä|äQr,g r,s�~�x{i�moq
moi�p q{r7w|m��%1�ä7moq{r,s¯~kp���r7�e�oxcwy~kp i�me �f�q+w�x{r�q/�eg ~kÔ�æ|ä7´�r�¥×m|i�p q{r���r�x�svuew|memor,g
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s�p x/s��ep ~'x{r�z�p�� r, +¡�uor�uep z�u}�|i�g ~kwyz|r���ikj"r�x'qc�o�e��g ���<�oq{~'�ex{ik�¯p��or�£|â|äyl81�â|ä+¥
§�p�wyq�i�m}~kuor f����7 ®¡�uor f�����p�moq{~kw|g�g�wy~kp i�m4s�p xcs��ep ~+w|m���~kuor��ex{q{~+w|� ��g�p��ª��p�m|z
r,g r,� r,m`~��ex{i/��p��or�~ku|r%��w|p�mt��wyxn~�i���~ku|r*moi�p q{r�~�r�x/�* 

¡�uor��²wyx/p i��oq�m|i�p q{r�q{i��oxcs�r�q�wyx{r�~kuor]��i�g�g i/j�p�moz�É
K ~ku|r�moi�p q{r��|r��|r,g i|�Rr,�*p�m ~kuor��exnq{~}w|� ��g�p��ª��p�m|z*�or���p�s�r�q ��Ù	¬�¡5i|x�§�p ��i|lg�wyx�~�x/w|moq/p qn~�i|x{q/���
K ~ku|r<moi�p q{r<s�i���p�moz]�ªx{i��ß�or�~�r,s�~�i|x�g r,wyà�wyz|r4s��ox{x{r,mk~���f7��� m|i�p q{r,��w|me�~ku|r%p�mo���o~�s��oxnx{r,m`~�~�i%~kuor��ex{qn~�w|� ��g�p��ª��p�moz4r,g r,��r,m`~L�
K ~ku|r?��wyx/w|g�g r,g	x{r�qcp q{~kw|mes�rÁmoi�p q{rÁwyxcp q/p�mozE�ªx{i��ðw|m`�Px{r�q/p qn~�i|x�q/u®�em`~kp�m|z
~ku|r%p�mo���o~�s�p x/s���p ~L�

K ~ku|r�q{i|lns�w|g�g r,�*Ø�p�sáà|r�xtmoi�p q{r,Ô�Å|ç|�	moi�p q{r��
K ~ku|r���wyx/wyq/p ~kp�s�s�wy��w|s�p ~�i|xtm|i�p q{r, 
ê)~*p q]p�� ��i|x{~kw|m`~�~�iPs�i�moq/p��or�x�~ku|rÛf����Np�m|q{~kw|g�g�wy~kp i�mYs�p xcs��ep ~�q%w|me�¢~ku|r

w|� ��g�p �er�x{q"~�i|z|r�~kuor�x/ }¡ei¢��p�mep���p M�r7��wyx/wyq/p ~kp�s p�moqn~kw|g�g�wy~kp i�m?s�wy��w|s�p ~Ç�°wy~"~ku|r
p�mo���o~�i��|~kuor�w|� ��g�p �er�xcÔc~kuor�f����5q/�oxc� w|s�r+q/uoi���g���§�r"�Rr�xn�Rr,m��ep�s��eg�wyxD~�i�~ku|r
p�moq{~kw|g�g�wy~kp i�mPs�p x/s��ep ~%w|me�Áw|� ��g�p �er�x��'g�wy~�rQ�èi|x���g�wy~�r�qc�� I�(i|q{q/p §'g rIwyx{x/w|moz|r�l
� r,m`~�q�i��'i���~kuorQf7� �RÔ�§�p�wyq]s�p xcs��ep ~]w|me�Yw|� ��g�p �er�x¢wyq{q{r,�}§�g �Ewyx{r�qcuoikj�m
p�mIÙ	p z� 	Å| t¡�uor<x{r�q/p q{~�i|xON�Å Ì Å|Å|ä5PRQ �ex{i/��p��|r�q7��x{i|~�r,s�~kp i�m5��xni��¦q{�'wyx{à�qc ¡�uor*s�wy��w|s�p ~�i|xOS�Å�j�p ~ku4~kuor�x{r�q/p q{~�i|xTN�Å��ex{i/��p��|r�q<w�uep z�u��|i�g ~kwyz|rt�Ri/j�r�x
q/�o�e��g �t��g ~�r�x�w|me�]s�x{r,wy~�r�q�w�qcuoi|x{~�s�p x/s��ep ~k �Ùoi|x�w|g�g,�ex{r,w|� ��g�p ��r�x{q �|q{r,��~ku|r
g ikj p�mo���o~�p����Rr,��w|mes�r]p q4p�� ��i|x{~kw|mk~<�ªi|xtg�p���p ~kp�m|z%~kuor�q/uoi|x{~<s�p x/s��ep ~7i|�Rr�xnl
wy~kp i�m°i��K~kuorGf7���  �¡�uor5¤�wyx/w|mk~kp ��wÁw|m��P�}�efBp�mo�'�o~¢p����Rr,��w|mes�r�qtj�r�x{r
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-U(h.v.)

R1 110K

R2 5.1K

APD

C1 22nF

R3 5.1K

-U(h.v.)

R1 110K

APD

C1 22nF

-U(h.v.)

R1 110K

R2 5.1K

APD

C1 22nF

R3 5.1K

Ampl
Out

Out
Out

+1Ampl Ampl

C

C
C

C

C

R2 5.1K

a b c
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TEST

APD
D1 C1 22nF

C4 22nF

C3 1pF

C2 22nF

R1 110K

HV(−350: −370V)

R18

50

R2 5.1K R3

51K
C10
1pF

T1

T2

BF861A

R5

100

R4

620

C11
220nF

100nF
C8

R6 20

R10 15K

C7

100nF

R11
12K

T3 BC860C

R7 6.8K

C5 100nF

R8
4.7K

T4 BC850C

R9
1.8K5.6K

R12

T5 BC850C

T6 BC850C

R16 20 R17 20

C9

100nF

+12 V

5.6K
R13

C6 100nF

R14 20

R15 47

−6V

OUT
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	-U(h.v.)
+12V

R1 110K

R2 5.1K

APD

C1 22nF

C2 22nF

C3 22nF

C4 100nF

R3 11 R4 11

C5 100nF

R5 11

C6 22nF

C7 22nF

C8 47nF

C9 47nF

C10 47nF

+12V

+12V

C13 100nF

C14 100nF
C15 100nF

C16 1pF

C17 1pF

R6 1K R7 5.1K

R8 500 R9 2.7K

R9 5.1K
R10 500

R11 2.7K

R12 51

R13 51

R14 11

R15 11

Out1

Out2

R16 11

R17 11

R18 130

R19 130

R20 1K

R21 1K

Mar8

Mar8

Test1

Test2

C13 100nF

C14 100nF

T1

T2

C15 1mkF

C16 1mkF
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R5 2K R6 500
R7 11
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+6V
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Generator
fibers

LED

PMT

Apml

ADC
PC

APD

in1

in2

gate
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