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plan for long-term stability test of DUNE HPK 
SiPM  
[MPPC- S13360-6075HS-HRQ (S13360-9935)] 



MPPC- S13360-6075HS-HRQ (S13360-9935)

• MPPC/SiPM Fundamental Characteristics exhibit dependency on Operating 
V or on T - or on both (additional dependency on W.L. not considered here). 

• S13360-9935 is rated for a wide operating T range extending down to LN2 T.  

• S13360-9935 - Asens =6x6 mm2 (Pixel Pitch 75μm) can operate in range of Vov 
above Vbd (gain setting range) - with a recommended Vov value (+3 V), used 
for reference measurements (at typical RT of 25o C) 

• S13360 MPPC characteristics vary in these ranges - optimum Vov and T 
should be selected to match specific application. 

• MPPC/SiPM are rated for long operation lifetime (>10yrs). No explicit 
indications of known aging or accelerated degradation mechanisms are 
found in literature (to my knowledge) - except for high dose radiation 
damage with critical effect of increase of dark count rate (inducing loss of 
single PE resolution). 



To be agreed here and defined in detail with BNL
SiPM Stability test plan 

• Operating at Low T and very Low Rad/Low Evt. Rate,  at Vov within its range of operation - allows (expectation of) very long Lifetime 
(>20yrs for DUNE) -  

• No direct systematic (>20-30 yrs) longevity test/proof for S13360-9935 has been attempted so far (to my knowledge).  
Similar to CE longevity proofs at BNL in the past, this should require - presumably - a large SiPM sample O(100) immersed in LAr, at 
high Vov (over-stress condition - out of range of specs) for an extended period of time O(1yr) - this is not affordable at this stage of the 
project.  

• What CAN BE afforded  - at BNL  +  available local support from SBU and help from FNAL - is a: 

• Mid-Long-term tests for comparative stability-degradation for SiPM samples O(10 units) immersed in LN2, 
continuously operated at few different (fixed) Vov values, over a period of O(3months).  

• Reference Sample at Vov = 3V - to compare with TWO Samples at Vov = 4V and Vov = 5V - all in cold-LN2 and Dark 
conditions -  

• Observable Metrics for a stability-degradation comparative analysis need to be agreed in detail - here in the following 
some are proposed for discussion



SiPM/MPPC Fundamental 
Characteristics

From 3 Vov To 5 Vov 

Δ-PDE: +10% (ABS) [+20% rel] 

Δ-Gain:  (ABS) [+70% rel] 

Δ-XT: +7% (ABS) [+100% rel]

+3 × 106

Δ-DCR:  +250 Kcps = +28 kHz/mm2  [+50%rel]

Δ-DCR:  +1000 Kcps (+28 kHz/mm2) [+50%rel]

500 kcps (@3Vov)  = 56 kHz/mm2

3x3 mm2 (50μm pixel pitch) 
 extrapolated from

• PDE vs OV (PDE vs w.l.                   )     

• Gain vs OV      

• Optical (prompt) XT vs OV     

• DCR vs OV    

 

[S13360-6075HS-HRQ (S13360-9935)] Asens =6x6 mm2 (Pixel Pitch 75μm)  

Dependency on OV 

@ RT (25oC)

@ RT 
(25oC) 3 Vov 5 Vov Δ (rel)

PDE 50% 60% 20%

Gain 4x106 7x106 70%

XT 7% 14% 100%

DCR 56 kHz/mm2 85 kHz/mm2 50%

Reduced XT 

3 (ref)



SiPM/MPPC Fundamental 
Characteristics

 

[S13360-6075HS-HRQ (S13360-9935)] Asens =6x6 mm2 (Pixel Pitch 75μm)  

Dependency on Temperature   

Temp. Coefficient CT (slope): CT = 0.054 V/deg  

 Vbd (@RT) = 53 V → Vbd (LN2 T) = 41.1 V (ΔVbd = 11.9 V) 
                               → Vbd (LAr T) = 41.7 V (ΔVbd = 11.3 V)

DCR decreases ↓ with decreasing T ↓  

by a rate of 1/2 for every ~10o C drop in T

As pulse-height (threshold) increases ↑ by 1PE,  
DCR decreases ↓ by 1 order of Magnitude 

  56 kHz/mm2 (@3Vov)

40 mHz/mm2 (@3Vov) 

• Vbd  vs T↓ : mild ↓ (CT=0.054 V/deg)

• DCR vs  T↓ :  strong ↓

DCR(LN2 − T) = ( 1
2 )

ΔT
10 ⋅ DCR(RT) ≥ 10−6 DCR(RT)

T. Tsang/BNL

Dante@FNAL

@ LN2 T 
(77 K) 3 Vov 5 Vov Δ (rel)

DCR 45 mHz/mm2 75 mHz/mm2 60%

@RT @LAr T



SiPM/MPPC Fundamental 
Characteristics

• Vbd  vs T↓ : mild ↓ (CT=0.054 V/deg) 

  
The temperature-induced change of ΔVbd affects the Gain 
and  also other characteristics such as PDE, XT and AP.  

However, at fixed Vov eliminate gain-temperature dependence 

@fixed Vov 

• Gain vs T↓  : no / weak  

• Optical (prompt) XT vs  T↓  : no / weak 

• PDE vs T↓ : no / weak ↑

[S13360-6075HS-HRQ (S13360-9935)] Asens =6x6 mm2 (Pixel Pitch 75μm)  

Dependency on Temperature   

Temp. Coefficient CT (slope): CT = 0.054 V/deg  

 Vbd (@RT) = 53 V → Vbd (LN2 T) = 41.1 V (ΔVbd = 11.9 V) 
                               → Vbd (LAr T) = 41.7 V (ΔVbd = 11.3 V)

@  fixed Vov = 3 V

@ LN2 T 
(77 K) 3 Vov 5 Vov Δ (rel)

Gain 4.4x106 7x106 70%

T. Tsang/BNL

https://arxiv.org/pdf/1606.05186

T. Tsang/BNL



Presumably - not easy to monitor dark current variations at such low current (require strictly DARK conditions, any leakage may perturb the 
result)

V-I curves (from RT to LN2 T, impact of light leakage)

the sum of all of the dark counts generates the "dark current" of a SiPM.

DCR(LN2 − T) = ( 1
2 )

ΔT
10 ⋅ DCR(RT) ≥ 10−6 DCR(RT)

T. Tsang/BNL



for a stability-degradation comparative analysis at different Vov in Cold 

Observable Metrics 

• Test set-up: 3 samples of 6 S13360-9935 MPPCs at +3 Vov, +4 Vov and +5 Vov  above BD in LN2 - with pulsed LED flash (low) 
illumination capability.   

• Perform periodically (e.g TWO times per Week) short runs with pulsed LED, and record data: 

• “DCR” vs counting  discriminator Threshold (from 0.5 PE to 3.5 PE pulse amplitude) 

• Observe and monitor for any variation in Rate and Amplitude over a 3-4 months would give a good indication for stability or onset 
of degradation at Vov (+4V, +5V)  w.r.t. Vov (+3VRef). 

Collected data should allow to derive and monitor Gain and XT stability at the same time 

★ In addition test can be expanded with the addition of: 

• One (or more) separated sample(s) of 6 SiPM (optically protected from leakage light - and no LED) in  LN2 to monitor periodically 
Dark Current (picoAmp) in a large(r) span of Vov [0 - 8V]: i.e. monthly/biweekly acquisition of V-I Curves (each SiPM)  - with Vov fixed 
(+3, or +4, or +5 Vov) during time btw. I-V curve measurements].


