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20000 photomultipliers��� � 1250 SNATS chips
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PMs
Slow Shaper

PAC
Track & Hold

Fast Shaper CFD

SNIFE (SuperNemo Integrated Front-end)

SNATS

ADC
12bits / 40MHz

FPGA
Cyclone 3

1616
Data

Readout
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Clock Multiplier
SI5325

CLK 
40MHz

160MHz

Control

9

6

��'��
��3 (%('(#�

16



TWEPP 2009
Vanessa TOCUT

4

�$���$*��#+&%,�� ����
	
	�� -�&%./0

�
	1 ������
�� ��')#$23
��
�� ��

 4 '5%��

&6���

�  77

 �7�8'#9

��
�����%&�����
��� � /:�����������	�
��� -4 6#�����0
��� � %�����������
�	�����	�������� 	�� 77
��� � ')���������

�
 �����	������-/�!	��� 	��')�����0�

')����

�
�;����

�	����)��!��(,(��'(#�%



TWEPP 2009
Vanessa TOCUT

5

voltage controlled
delay line : M cellsPhase

Detector

Master
Clock

Hit Fine Time Memory

M shifted
phase clocks

@ Fin 
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Coarse Time
Counter :

N bits
Coarse Time Memory

Fine
Time

Decoder

N bits

Time
measurement :

N+Q bits

N bits

Q bits
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DLL registers

5-bit gray encoder

Counter registers

48-bit gray counter

Synchronizer

Hit register

Data
selection

+
-

Adress
decoder

Hit[0:15]

Vcom_hit

+
-

Clk_LVDS+
Clk_LVDS- Clk

195ps 195ps 195ps 195ps
VCDL

Phase
detector

Charge 
pumpC

Clk

Clear

Configuration register

BypassLVDS

BypassLVDS

Vcp

Vcp

Enable_clear

Clear

Hit16

Vdll0

Vcom_tuning
Vcom

Vdll_tuning[0:7]

Sel_tuning

Sel_tuning

Sel_out_cp[0:7]

Sel_cp
Vcp_ext

Analog_visu

Sel_out_cp[0:7]
BypassLVDS

Enable_clear16

Sel_cp

Sel_out_cp8 / Sel_cp / BypassLVDS

Analog_visu / Vcp _ext / Vcom_hit

Vcom_tuning
Vdll_tuning8

Sel_tuning

Enable_clear
Enable_dll

Dll_out[0:7]

Data_visu[0:5]

Hit_phy

Hit_F

Hit_C

Status

Hit_reg

Counter[0:47]

Adr_ch

C[0:4]  
Error

Q_reg[0:47]

DLL_reg[0:31]

Data_visu6

Visu_counter[0:25]
Data_visu

[7:15]

Data_out
[0:15]

Enable
Sclk
Sdata_in
Sdata_out

Addr_ch[0:3]

Data_sel[0:1]

Word_sel[0:1]

X8
DLL

DLL

1 Channel logic

Channel logic

X2

Test channel

8 blocks
16 channels

4x16bits

Hit_reg[0:15]

DLL registers

5-bit gray encoder

Counter registers

48-bit gray counter

Synchronizer

Hit register

Data
selection

+
-

Adress
decoder

Hit[0:15]

Vcom_hit

+
-

Clk_LVDS+
Clk_LVDS- Clk

195ps 195ps 195ps 195ps
VCDL

Phase
detector

Charge 
pumpCC

Clk

Clear

Configuration register

BypassLVDS

BypassLVDS

Vcp

Vcp

Enable_clear

Clear

Hit16

Vdll0

Vcom_tuning
Vcom

Vdll_tuning[0:7]

Sel_tuning

Sel_tuning

Sel_out_cp[0:7]

Sel_cp
Vcp_ext

Analog_visu

Sel_out_cp[0:7]
BypassLVDS

Enable_clear16

Sel_cp

Sel_out_cp8 / Sel_cp / BypassLVDS

Analog_visu / Vcp _ext / Vcom_hit

Vcom_tuning
Vdll_tuning8

Sel_tuning

Enable_clear
Enable_dll

Dll_out[0:7]

Data_visu[0:5]

Hit_phy

Hit_F

Hit_C

Status

Hit_reg

Counter[0:47]

Adr_ch

C[0:4]  
Error

Q_reg[0:47]

DLL_reg[0:31]

Data_visu6

Visu_counter[0:25]
Data_visu

[7:15]

Data_out
[0:15]

Enable
Sclk
Sdata_in
Sdata_out

Addr_ch[0:3]

Data_sel[0:1]

Word_sel[0:1]

X8
DLL

DLL

1 Channel logic

Channel logic

X2

Test channel

8 blocks
16 channels

4x16bits

Hit_reg[0:15]

�	����)�����('��' ��



TWEPP 2009
Vanessa TOCUT

7

�  77�-��
�� ��

0

� ��
���	
�3��

� /:������	�
���

�	����)���'�(& #,�!�(��(!�&�$&#�0%



TWEPP 2009
Vanessa TOCUT

8

��� � <��������	� 8�6#��

delay line : 32 
cells

Phase
Detector

��&�.��#�0�- �##!

Phase
Detector

Charge
Pump

& Buffer

up

down
V_pump

Master Clock

� 1 � 2 � 31 � 32

Phase TuningV_delay1

V_delay2
delay1

delay2
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0 1 2 3
1

0 1 2 3
1

0 1 2 3
1

CLK

N N+1N-1Counter

DLL

Hit
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clock 

hit 

MSB bits 

Time  
measurement 
  

Counter 

Counter 

 
DLL 

 
 

MUX 

LSB bits 

 
Latch 

in 
out 

L 

 
Latch 

in 
out 

L 

 
Latch 

in out 

L 

select in1 

in2 

out 
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Clock

Hit

MSB bits

Time 
measurement

Counter

DLL

Synchroniser

LSB bits

Latch
in

out

L

Register
in

out

C
hit_counter

Latch
in

out

L

Register
in out

C
hit_dll

status_dll
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Range of DLL code values 
where there is an ambiguity

0 1 2 3
1

0 1 2 3
1

0 1 2 3
1

CLK

N N+1N-1Counter

DLL

Hit

Hit _dll

Hit_counter

Status_dll
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Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

16

Q0-Q15

Chain4

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

16

Q16-Q31

Chain8

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

16

Q32-Q47

CLK
RESET

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

16

Q0-Q15

Chain4

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

16

Q16-Q31

Chain8

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

16

Q16-Q31

Chain8

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

Tronçon 
4 bits

16

Q32-Q47

CLK
RESET
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Differential Non Linearity (DNL):

DNL (ssss  / max):   0.083 / ± 0.2 LSB

-0,25

-0,2

-0,15

-0,1

-0,05

0

0,05

0,1

0,15

0,2

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

bin

D
N

L 
(L

S
B

)
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Transfert function:
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Integral Non Linearity ( ssss/ max): 0.083 / ±±±± 0.2 LSB
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Resolution : � = 71 ps

1 
 
�:1�:�1�:�
�: �


�(�+&��������& "��% ��"��'



TWEPP 2009
Vanessa TOCUT

23

�(,,����'(�&�������&�"��% ��"��'�

DNL (s s s s / max):   0.024 / ± 0.08 LSB

-0,04

-0,02

0

0,02

0,04

0,06

0,08

0,1

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

bin

D
N

L 
(L

S
B

)

Differential Non Linearity (DNL):
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Transfert function:
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Integral Non Linearity ( ssss/ max): 0.514 / ±±±± 1.8 LSB

�("��(�'��*�& �!%�


	�
���

���

������

������

����������	
�
��	
�������



TWEPP 2009
Vanessa TOCUT

25

�	����)�2�% ��%�

Resolution : � = 101 ps
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DLL

48

5

Gray counter
48 bits

DLL @160Mhz

16 Channels

2*16 Registers

16 output
DLL

 Hit

Front End Readout

16

16

Read Request
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DLL

48

5

Gray counter
48 bits

DLL @160Mhz

16 Channels

2*16 Registers

16 output
DLL

 Hit

Front End Readout

16

16

fifo empty

Fifo

Fifo write
sequencer

DLL

48

5

Gray counter
48 bits

DLL @160Mhz

16 Channels 16 output
DLL

 Hit

Front End

4 to 48

16 output
Registers /Serialisers

Readout

16  differential outputs

1

1
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