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HV base current 
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MCP 20” version 
2.0 

~1600V,~100uA@1
e7 gain, ~28Mohm 

Hamamatsu 20” 
Version 1.2 

~2000V, 
~200uA@1e7 gain, 

~10Mohm 

Gain: output gain 
on load resistor 

According to current test results, this can satisfy  
JUNO linearity requirements 

HV unit: 
300uA@3000V 



MCP 

3 



HAMAMAZU 
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HV base connections 

• Possible installation procedure 
– 1. PMT base 
– 1.5 potting bottom structure located. 
– 2. signal, ground, HV cables soldered to PMT 

base PCB onsite, and HV unit screwed PMT 
base PCB with HV cable soldered. (all the 
connection should cables or pins with length 
tolerance. Do we need separate grounding for HV and 
signal? Or only need signal grounding?) 

– 3. PMT base PCB soldered to PMT pins 
– 4. isolation PCB screwed to PMT base PCB, 

and cables get through 
– 5. electronics PCB (ADC board) screwed and 

soldered with cables, and HV power and 
control cable get through out 

– 6.  GCU board screwed, control, signal cable 
and HV power and control cable soldered. 
GCU cable  

– 7. potting  
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Electrostatic Discharge (ESD) 

Electrical Overstress (EOS) in  General

EOS SpecificESD Lightning

High voltage (1V ~ 15 kV)

Short duration (nano~microseconds)

Very low power (several µJ)

Fast rise time (0.2 ns~10 ns)

Low voltage (30 V)

Longer duration (last several µs to ms)

High power (106 µJ)

Long rise time (>1000 ns)

Extremely high voltage

Extremely high power

…is the a sudden transfer of charges between 2 objects at different static potentials. 

It’s caused by direct contact or induced by an electric field. 

From Juin J. 
Liou 
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Various ESD Events on Microchips 

Human Body 

Model (HBM) 

Charged 

Device Model 

(CDM) 
Machine 

Model 

(MM) 
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Charged Device Model (CDM) is increasingly 
important!   

IC Shipping 

Tubes 

Die Picking Conveyor  

Belt 

 Most documented CDM 
damage in IC manufacturing. 

 Die separates from tape – 
places charge on die and 
inductively charges tape. 

 Discharge from die to collet 

 An IC becomes charged by 
sliding down a plastic 
shipping tube and then a 
corner pin discharges to a 
grounded bench mat. 

 Charged by friction – 
discharged to conductor 
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Class Voltage Range 

Class 0 < 250 volts 

Class 1A 250 volts to < 500 volts 

Class 1B 500 volts to < 1,000 volts 

Class 1C 1000 volts to < 2,000 volts 

Class 2 2000 volts to < 4,000 volts 

Class 3A 4000 volts to < 8000 volts 

Class 3B > = 8000 volts Class Voltage Range 

Class M1 < 100 volts 

Class M2 100 volts to < 200 volts 

Class M3 200 volts to < 400 volts 

Class M4 > or = 400 volts 

Class Voltage Range 

Class C1 <125 volts 

Class C2 125 volts to < 250 volts 

Class C3 250 volts to < 500 volts 

Class C4 500 volts to < 1,000 volts 

Class C5 1,000 volts to < 1,500 volts 

Class C6 1,500 volts to < 2,000 volts 

Class C7 =>2,000 volts 

ESD Testing Classification 

Human Body Model 

Machine Model 

Charged Device Model 

Boldfaces are the typical ESD 

protection levels found in 

commercial microchips 



SNO HV divider and protection 
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From SNO Peter Skensved 



Requirements of JUNO HV divider 
• ESD protection for following electronics 

– MM, CDM 
– Should located at electronics board 

• EOS: signal clamping 
– 0~-160mA (tolerance to ~200mA) 
– Or 0~-7.5V@50ohm 
– Located at HV divider 

• No distortion to PMT raw signal or non-linearity effect 
– Signal bandwidth <200MHz 
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Ideas for JUNO 

X X 

Ordered several diodes and coils, preliminary test shows few types of Zener 
diode can clamp the PMT output signal less than 7~8V@50ohm (max to ~9V) 
with tiny waveform distortion. More detailed effect still under test.   
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Zener Diode test 
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Diode test 
• Fairchild Semiconductor BZX85C8V2 1 Zener Diode 8.2V 5% 1 W 

• Test with MCP PMT maximum signal to 28V, real output is clamped to 7.7V~9.5V. 
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More timing 
effect is under 

analysis 

But has a big 
influence to pulse 

timing, a little bit to 
pulse charge 

measurement. 



Rise Time 

17 

0

1

2

3

4

5

6

7

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5

R
is

e
 T

im
e

 /
 n

s 

Charge in P.E. 

Rise time 
Fall time 



Linearity test 
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ESD08V32D-LC  



Thanks  
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