
 Comments from Danek: 
 
Reviewer’s comments are in black and our replies are in blue. 
 

General comments. 

1) The past and present tense is mixed. It should be consistence ether all in past or in 
present tense. 

The inconsistency was fixed. 

2) One should avoid "first person" and use "third person" so "was done" instead of "we 
did". 

Third person was used in the new version. 

Abstract 
 

As far as I know the vendor has not designed the sensor but only fabricated it. 

Please remove "designed" from the sentence "Because of this, ...". 

The word designed was removed. 
 
Because of this, the same vendor as in the original construction fabricated new silicon 
sensors for the Phase-1 forward pixel system. 

1. Introduction 
 

1-) Line 5: the "giant camera" part of the sentence is childish. One can just skip it and say 
"With a .....the detector records particle events ....." 

This sentence was changed as below (Lines 4-6 in the new version): 

 
With a 12500-ton weight, a length of 22  meters and a radius of 15 meters, the detector 
records particle events resulting from proton-proton collisions. 

2-) Line 12: I think one should first mention precise hits per track and only later maybe 
talk about jets and long-lived particles. So "The pixel system of the CMS detector 
provides up to three precise hits per track, which allows ..." 

This sentence was changed as below (Lines 11-14 in the new version): 

 



The pixel system of the CMS detector provides up to three precise hits per track, which 
allows the identification of secondary vertices and tagging long-lived particles such as b 
quarks and distinguishes long-lived particles from the large backgrounds of light quark 
and gluon jets. 
 

3-) Line 15: I would say "The silicon tracker is located close to the LHC beams with the 
innermost pixel layer located 3 cm from the interaction point." 

This sentence was changed as suggested (Lines 15-16 in the new version). 

4-) Line 26: replace "identical" with "similar". 

Since the numbers are same in both system (original and upgraded), we kept the word 
“identical”. 

5-) Line 30: um2, the square is missing 

The square was added in the new version (Line 29 in the new version). 

6-) Line 30: one does not read channels, so say "... to readout the signal, the pixels were 
..." 
 
The sentence was changed as below (Lines 29-30 in the new version): 
To readout the signal, the pixels were bump-bonded to ROCs using metalized pads on the 
n-side. 

 7-) Line 31: replace "after metalizing pads" with "using metalized pads" 

That was replaced (Line 30 in the new version). 

8-) Line 33: delete "had an efficiency more than 99% and" it is irrelevant here. 

It was deleted in the new version. 

9-) Line 35: modify "LHC Phase 1 upgrade", LHC did not have a phase 1 upgrade, the 
pixels had it. say "Following the LHC long shutdown ..." 

“LHC Phase 1 upgrade” was modified as “the LHC long shutdown” (Line 35 in the new 
version.) 

10-) Line 37: delete "detector" 

The word “detector” was deleted. 

11-) Line 39: replace "present" with "the" 

The word “present” was replaced by “the”. (Line 41 in the new version). 



12-) Line 40: replace "in addition to" with "and in addition allows operation up to ..." 

That was replaced as suggested (Line 42 in the new version). 

13-) Line 46: replace "we checked" with "was checked". 

The sentence was changed as below (Lines 47-48 in the new version): 
 
At FNAL a more or less random subset of the wafers was checked and the results were 
compared with the foundry results. 
 

14-) Line 48: replace "did not advance to" by "was not used for" 

That was replaced as suggested (Line 49 in the new version). 

2. Production Wafers and Experimental Test Setup 
 

 

1-) Line 50: delete "essentially" 

2-) Line 51: replace "the more" with "free" 

3-) Line 52: delete "In detector operation" 

4-) Line 54: replace "At full depletion or higher bias voltages" with "At bias voltages 
corresponding to the full sensor depletion" 

5-) Line 57: "... the SENSOR bulk" 

Lines 50-57: The whole paragraph was deleted as Katja suggested to remove the 
paragraph. 

6-) Line 59: replace "... and we checked the capability of these wafers " with "... and re-
tested at the..." 

The sentence was changed as below (Lines 53-55 in the new version): 
The silicon wafers that were used for the forward pixel system upgrade had been 
fabricated and tested by the foundry and re-tested at Silicon Detector center (SiDet) 
located at the Fermi National Accelerator Laboratory (Fermilab). 

7-) Line 63: say "TEST structures." 

“test structures” was added into the new version (Lines 57-58 in the new version). 

8-) Line 64: say "The FNAL wafer testing setup used a Summit ..." 



The sentence was modified as below (Lines 58-60 in the new version): 
 
The FNAL wafer testing setup used a Summit 12000 AP probe station configured with 
two probe tips, a central-axis camera, and a movable chuck for supporting and fixing in 
place the wafer. 

9-) Line 66: replace "as provided by the" by "in the" 
 
“as provided by the cleanroom” was removed from the sentence. 

10-) Line 69: what are "ammeters"? 

Here the word “ammeters” was used for “ampere meters (Keithley 487 and Keithley 486)”. 
The sentence was modified a little as below (Line 63-64 in the new version): 

In order to measure the IV and CV curves, two ammeters (Keithley 486 and Keithley 487) and 
an LCR meter (HP4784A), as shown in Fig. 5, were used. 

11-) Line 69,70: the tense should be changed from present to past. 

The sentence was modified from present to past as below (Lines 66-67 in the new 
version): 
 
After the wafer was brought into position the chuck was raised slightly thereby allowing 
contact with the two probe tips (needles). 

12-) Line 74: the sentence "In practice..." is not easy to understand, rewrite please. 

The sentence was changed as below (Lines 70-72 in the new version): 
 
For our measurements we manually instructed the probe station to advance to each 
sensor/diode, and a rewiring was necessary to switch between IV and CV measuring 
modes. 

3.Quality Control and the Production Sensor Wafers 
 

1-) Line 94: Replace the sentence "To define ..." with just "SINTEF used a similar but not 
identical definition." 

The sentence was modified as below (Lines 89-91 in the new version): 

 
To replicate the foundry—contractual acceptance criteria, we determined sensors to be 
good provided that (1) the total current at 100 V was less than 1 mA (1st criterion) and 
(2) the total current at 150 V was less than two times of the current at 100 V (2nd 
criterion). 



 

2-) Line 95: do not use "We", so say "All sensors and diodes were tested for 5 or 10 
wafers in each shipment" 
 
The sentence was removed because of the comments provided by other reviewers. 

3-) Line 99: "almost THE same" 

“The” was added in the new version (Line 94 in the new version). 

4-) Line 101: "we show plots for sensors on" so delete "THE" and replace "in" with "on". 

The sentence was modified because of the comment provided by Katja. She 
recommended to move the discussion about the good wafers prior to the discussion about 
the inconsistent sensors. Because of this, we modified the first sentence of this paragraph 
as below (Line 97 in the new version): 

 
First, we plot in Fig. 7 the IV curves for the wafers with completely good sensors, from 
both the FNAL and foundry perspectives. 

5-) LINE 103: delete "THE" in "the sensors" 

“The” was deleted. 

7-) Line 106: delete "a little" 

“a little” was deleted. 

9-) Line 108-109: rewrite this sentence, maybe something like "However, the SINTEF 
data for these sensors do not show any bad behaviour." 

The sentence was changed as suggested (Lines 108-109 in the new version). 
However, the foundry data for these sensors do not show any bad behavior. 

10-) Line 109-110: replace the sentence "Figure 8 ..." by "Figure 8 shows in sensors that 
were found good at FNAL but were labelled bad according to the SINTEF data." 

The sentence was changed as suggested as below (Lines 109-110 in the new version). 
 
Figure 9 shows the sensors that were found good at FNAL but were labeled bad by the 
foundry. 

11-) Line 113: replace "may" with "might" 

The paragraph about the breakdown voltages was modifies as below (Lines 121-132 in 
the new version (a new section, section 4, was included into the text). 
 



The “breakdown” voltages for all (8) sensors of the wafers given in Table 2 are shown in 
Fig. 10. Both the FNAL and the foundry continued the IV measurements beyond 150 V 
although this does not affect the acceptance criteria. At the foundry, they were limited by 
a 1 mA compliance whereas there was 50 mA compliance at FNAL. To directly compare 
with the foundry compliance voltages the first values in the FNAL data where the current 
exceeds 1 mA are selected. Even with this adjustment the “breakdown” voltages at FNAL 
are consistently higher. However, as had been noted by the vendor, the sensor 
“breakdowns” are dominated by surface effects where some of the pixels do not receive 
bias from the chuck. The true breakdown voltages, as would be seen after bump bonding 
or as inferred from the diodes on the wafers are much higher—greater than 600 V. One 
explanation for the difference in observed breakdown voltages may be the use of 
conductive rubber between the chuck and sensor in the foundry measurements. At FNAL 
the sensor n-sides were in direct contact with the chuck. 

12-) Line 115: " ... the measurements WERE taken MIGHT HAVE BEEN different" 

The sentence was removed since it caused confusion. 

 

13-) Line 118: replace "an" with "the" and delete "since they are consistent with out 
criteria" 

“and” was replaced with “the” and the suggested part was deleted. Then, the discussion 
about these good sensors were moved to prior to the discussions about the inconsistent 
sensors (Lines 97-100 in the new version). 

14-) Line 119: "Because of some DIFFERENCES in the two setups, such as ..." 
 
The sentence was modified as below (Lines 99-101 in the new version): 
 
Because of some differences in the two setups, such as the room temperature or the 
method in which the n-side of the wafer is in contact with the chuck, the measurements 
are not expected to be identical. 
 

15-) Line 120: replace "data" with "measurements" 

It was replaced. 

16-) Line 121: replace "by our rules according to FNAL" by "from the FNAL ..." replace 
"data" with "tests" 

The sentence was modified as suggested (Line 113 in the new version). 
The number of good and bad sensors from FNAL and the foundry tests are given in Table 
3. 



17-) Line 122: replace present tense with past, so "FNAL results show 208 good sensors 
..." 

The sentence was modified with past tense as below (Lines 114-115 in the new version): 

 
FNAL results showed 208 good sensors out of 239 probed sensors and the foundry results 
showed 215 good sensors out of 240 sensors according to our criteria. 

18-) Line 123: replace "over" by "In" 

It was replaced. 

19-) Line 128: delete "enough", replace "use" by "be used" 

This paragraph was modified and moved to the Summary section as suggested by Anders. 

20-) Line 129: replace "data about whether a sensor was good or not by "tests" 

This paragraph was modified and moved to the Summary section as recommended by 
Anders. 

21-) Line 130: avoid "we", so "After the tests were finished the production wafers were 
sent to dicing and bump bonding." no need to mention RTI and "separated prior to" is just 
confusing. 

The sentence was removed and the rest of the paragraph was moved to summary section. 
 


