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Note: This document is preliminary and is to be considered a work in 

progress. The authors of the document are Alan Honma and Alessandro 

La Rosa. 

 

 

Introduction 
 

This document contains the basic specifications of an assembled 2S module. Since the 

1.8mm and 4mm 2S modules have more in common than differences, both will be 

treated here with separate specifications for certain elements when required. 

 

The specifications will be split into sections as follows: 

A. Purely dimensional specifications 

B. Other mechanical specifications (strength, reliability, thermal properties) 

C. Bond wire requirements (other than what is covered above) 

D. Electrical (HV/ground) requirements 

E. Electronic readout requirements 

 

A. Dimensional specifications: 

 

All module dimensions will be taken with respect to the origin of the module which is 

defined as the plane of the face of the bridge surface that touches the cooling contact 

at the bridge foot which has the high precision hole (this gives the z-plane), and the 

centre of the hole (this gives the x=0 and y=0 position, with the x axis given by the 

line passing through the origin going through the central axis of the slot in the same 

bridge. The modules should be fixed to an ideal perfectly flat (in plane) cooling 

structure for the dimensional requirements. The reference module design can be found 

on Sharepoint as the latest baseline design. 
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1. The angle formed by the strips on the top sensor relative to the strips on the 

bottom sensor (when projected on the XY plane) should be less than 400 μradians.  

2. The maximum allowed out of plane excursions of the bridge feet that should be in 

contact with the cooling structure when the module is unconstrained and placed on 

the perfectly flat cooling structure is 1mm. 

3. The offset of the top sensor strips with respect to the bottom sensor strips should 

be less than 100 μm along strip direction and 50 μm in the orthogonal direction. 

4. The sensor top active surface average position must be within 100 μm of 

z=1.725mm (for 1.8mm module) or z=3.925mm (for 4mm module) and all points 

of the surface must be within 100 μm of that average position (this is a flatness 

requirement). The flatness requirement must be met at both room temperature and 

at the cold operational unpowered temperature (-30C).  

5. The separation between the mid-points of the active depth of the sensors should be 

1.8mm (4mm) with a tolerance of 100 μm. However, the simulation people should 

say if this requirement is sufficient. 

6. The module must be contained in a box with the following X, Y and Z values: X= 

-11.25 to 114.0 mm, Y= -25.451 to 118.451 mm, Z= -1.075 to 8.8 mm for 1.8mm 

module; X= -11.25 to 114.0 mm, Y= -25.451 to 118.451 mm, Z= -0.7 to 8.9 mm 

for 4mm module. 

7. Maximal error in X and Y position of the two visible corners of the stump bridge 

and of the mounting holes/slots in the 1st and 2nd long bridge with respect to their 

reference position: 100 μm. 

8. Maximal error in X and Y position of the sensor with respect to the reference 

position: 100 μm. If above this value, the assembly jigs should be checked but the 

module can still be used. If the error exceeds 200 μm, the module should be 

rejected. 

9. Bond wire maximal height (from sensor surface): backplane bias wires < 200 μm, 

top sensor readout wires < 700 μm, bottom sensor readout wires < 700 μm. 

10. Readout bond wire minimal height from cut edge of sensors: > 200 μm. 

11. Minimal encapsulant thickness above the wire loop: backplane bias wires < 100 

μm, top sensor readout wires < 100 μm, bottom sensor readout wires < 100 μm. 

12. Glue layer average thicknesses:  

a) between polyimide (PI) isolators and sensor < 20 μm 

b) between Al-CF bridges and PI isolators < 50 μm assuming a filled glue 

c) between hybrids and Al-CF bridges < 50 μm assuming a filled glue 

d) maximal height of encapsulant above the sensor backplane surface < 400 μm 

e) maximal height of encapsulant above the sensor frontplane surface < 800 μm 

13. Transverse error in alignment between sensor and hybrid bond pads (for right and 

left hybrid) < 180 μm 

14. Difference in height between sensor and hybrid bond pad surfaces < 300 μm. 

15. Gap between sensor and hybrids: right and left hybrid < 200 μm. 

16. There must be at least 500 μm clearance in air or along a surface between any 

point that can be at HV and any point that is tied to ground. This can be 25 μm if a 

PI isolator is between those points, or 50 μm if a solid layer of 

adhesive/encapsulant is between those points. 

17. The PI isolators on the back side of the sensors must be placed with an accuracy 

that is within 200 μm of the reference position with respect to the sensor edges. 

18. Maximum error in placement of service hybrid: 200 μm from the reference 

position. 
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B. Other mechanical specifications: 

 

1. Fractional glue coverage: 

a) PI isolator to sensor > 90% but the ends of the long PI isolators should be 

100% covered 

b) PI backplane bias circuit bond pad to sensor: glue meniscus visible on 3 edges 

c) Al-CF to PI isolator > 80% of the long edge should have a visible meniscus, 

the short edges should have 100% visible meniscus 

d) hybrids to Al-CF bridge > 80% of all edges should have a visible meniscus,  

e) encapsulant over the bond wires = 100% 

2. Maximum fractional area of air bubbles in encapsulant under bond row < 1% 

3. Total mass of module: between xx and yy grams. 

4. Maximum mass of encapsulation material for read-out bond wires < 3g 

5. No observable delamination (ungluing), no change in relative dimensional 

positions between any glued components, no loss of adhesion of the encapsulant 

should be observed after time and after thermal cycling tests. 

6. Thermal transmission coefficient from top sensor to cooling and from hybrid 

ASICs to cooling (but how to measure this?) 

 

 

C. Bond wire requirements: 

(Note: a wire bonding specifications document will be written that covers all 

aspects of the wire bonding including the machine, procedures and tools.) 

 

1. Number of backplane wires per sensor: minimum 10, maximum 20. 

2. Number of top side bias wires per corner: minimum 2, maximum 3. 

3. Allowed number of missing readout wires: goal should be 0, acceptable is 2 or 

less per row of 1016. If more than 2 wires per row of 1016 are missing, there 

should be an investigation as to why this is the case and actions should be taken to 

rectify this problem.   

4. Allowed number of shorted wires: 1 pair but only if not repairable, otherwise 0. 

5. The maximum allowed number of problematic wires is taken into account by the 

overall number of non-working channels in the module given in the section on 

readout requirements. 

6. Pull test requirements (for all extra readout pull test wires added in a module, 

minimum 10 wires per row, thus 40 wires total, also note that pull force values 

should be corrected for angle): mean > 8g, RMS<10% of mean, <20% lifts. In 

general, the pull test results should be much better than these requirements. If any 

of the 3 criteria are approaching the limit, wire bonding should be stopped and an 

investigation into the reasons for the poorer bonding results should be performed. 

7. Bond foot width should not exceed 1.8 x (wire diameter: 25 m) = 45 m. 

8. Loop height, height uniformity, loop straightness, bond foot width and bond foot 

aspect should be monitored and investigations performed in the case of a loss of 

correctness during production. 

 

D. Electrical requirement: 

 



(Draft v0.6) 2S module specification  13 May 2020 

 4 

1. There must be no electrical discharges between the sensors when biased to 1000V 

and any module ground at 1000V. In particular, this means the Al-CF bridges, the 

backplane thermistor, and the hybrid (LV) ground. 

2. The module leakage current should be <10 μA at 20C and RH<20% for a period 

of 24h.  What about at -30C (<1 μA)? 

3. All conductive structures must be connected to ground (measured at the feet of the 

Al-CF bridges) with a resistance <5 Ohms. 

 

 

 

E. Electronic readout requirements (both at RT and -30C): 

 

1. Max and min power consumption (as a function of mode of operation): between 

xx and yy A. 

2. maximum allowed disconnected channels <xx 

3. maximum allowed shorted channels <xx 

4. maximum allowed noisy channels <xx 

5. maximum allowed total number of unusable channels <xx 

6. maximum allowed average noise <xx ADC counts 

7. What requirements for readout errors? 

8. What requirements for calibration? 

9. What requirements for set-up failures? 

 

We are sure there are many other electronic readout requirements, but this document 

contains only those that check the quality of the assembly of the module and not the 

inherent quality of the sensors or hybrids which should have been checked previously. 

 

 


