
Comments by Marko 
Reviewer’s comments are in black and our replies are in blue. 

Abstract 

1-) L2: “fresh sensors” —> new, unirradiated sensors 

Modified as suggested. 

2-) L2: “would perform better performance” - too many “perform” but what does 
“perform better” actually mean? I would say: “..that show equal or better performance 
under Run 3 conditions.” 

Modified as suggested. 

3-) L5: “Because of this, the same vendor .. ” I don’t understand why surviving Run 
3`requires you to use the same vendor. You could say that the new sensors use similar 
technology and layout and because of tight timing and good experience you choose to use 
the same foundry again. 

The sentence was modified as follows: 
 
The Phase-1 forward pixel sensors are very similar to original sensor in terms of 
technology and layout, and given the positive experience with the sensor vendor in the 
original construction it was decided to use the same vendor for the replacement sensors. 

 

Introduction 

4-) L11 Only here I realised that you describe the “Phase 0” detector. You may want to 
mention that: “Before the Phase-1 upgrade, the pixel system … 

The sentence was modified as suggested: 

 
Before the Phase-1 upgrade, the pixel system of the CMS detector provided up to three 
precise hits per track, which allowed the identification of secondary vertices and tagging 
long-lived particles such as b quarks and thus the ability to distinguished long-lived 
particles from the large backgrounds of light quark and gluon jets. 
 

5-) L21 “…was completed in early 2017 after an …” 

Modified as suggested (Line 22 in the new version). 
 
The installation of the new pixel detector was completed in early 2017 after an extended 
year-end technical stop. 



6-) L26 it is not clear where and what the FPix is. A picture would help. 

In the new version of the text, Figure 1 was changed and the location of the FPix in the 
detector was shown in the figure. 

7-) L28: I would argue that the smaller ROCS are bump bonded to the sensor, eg: “Two 
rows of 8 ROCs are bump bonded to each sensor connecting 66 560 pixels assembly, 
were each pixel has a size of 150 x 100 µm.” 

The sentence was modified as suggested (Lines 29-31 in the new version). 
 

8-) L29 If there are other pixel sizes you might want to mention where and why 

The sentence was modified as suggested at previous comment. 

9-) L34-35 remove brackets 

The brackets were removed as suggested. 

10-) L35 what long shutdown, you mention this here for the first time. 
 
We mean LHC long shutdown 2 (LS2). The sentence was modified in the new version as 
follows (Lines 36-38 in the new version):  
 
Following the LHC long shutdown 2 (LS2) the instantaneous luminosity increased to 
2𝑥10!"𝑐𝑚!!𝑠!! and this would have led to readout inefficiencies because of the limited 
buffer sizes in the original pixel ROCs. 

 

11-) Figure 2: You should make clear that in the left picture the upper/lower are 
upgraded/original and in the right its left/right old/new. Especially for the right picture 
the caption is misleading. 

The figure was evaluated as suggested and the caption was changed as follows: 
 
Layout of the original and the upgraded pixel detectors (left), and picture showing the 
layers of the original and upgraded pixel barrel detector (right). 

12-) L43 “tested by the Scientific and Industrial Research [8] (the foundry) organization 
in Norway.” sound very odd. SINTEF is an Norwegian acronym (Stiftelsen for industriell 
og teknisk forskning) you can spell it out here once then use SINTEF. 

Production Wafers and ... 

The sentence was modified as below: 



The Phase-1 FPix silicon sensors were fabricated and tested by  Stiftelsen for Industriell 
og Teknisk Forskning (SINTEF),  a scientific and industrial research organization in 
Norway. 

13-) L53 you have spelled out FPIX and used the abbreviation before. Please use FPix 
here as well. 
Forward pixel ->FPix system fixed as suggested (Line 54 in the new version). 

14-) L63 visible 
visable->visible (corrected) 

 

15-) L67 why do you mention needles in brackets here. I would use either needles or tips 
throughout. 
The word “needles” was removed. 

16-) L68 You say the “layout was programmed”, where you mean the movement of the 
tables was automatised. If then you say you moved manually anyway its not clear why 
you mention the automation in the first place. 

The sentence starting with “layout was programmed” in Line 68 was removed (suggested 
by Katja). 

17-) Figure 4: The picture looks distorted … 

This figure was removed in the new version. 

Quality Control of Production ... 

18-) L86: I assume you were not only staring at the data and then selecting sensors 
randomly. If you had some election criteria (highest currents, odd IV shapes, barely 
within specs) please mention it. 

The selection of wafers to test at FNAL was largely random. However, we did take care 
to choose a few wafers where Sintef had determined that one or more wafers was bad. It 
may be simplest to indicate that the selection was random. The sentence was changed as 
follows (Lines 82-83 in the new version): 
 
To minimize damage to wafers during handling and to complete probing measurements 
in a reasonable period, 5–10 wafers per shipment were randomly selected. 

 

19-) L89: Not sure what the - means? I would simply mention the acceptance criteria, its 
clear that they should be identical for the manufacturer and us. 

The sentence was modified as follow (Lines 86-88 in the new version): 



 
To replicate the contractual acceptance criteria, we judged 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 the current at 100 V (2nd criterion). 

20-) L94 “subsequent material” sounds odd. I assume you refer to the next section or the 
remainder of the paper … 

The sentence was modified as follow (Lines 91-92 in the new version): 
The next material describes the IV results from the sample testing at FNAL and the 
comparison with the foundry “good'' and “bad'' determinations. 
 

21-) L97: Say: “Fig. 7 shows the IV curves …” 

The sentence was modified as suggested (Lines 93-94 in the new version). 
 
Figure 5 shows the IV curves for the wafers with completely good sensors, from both the 
FNAL and foundry perspectives. 

22-) I am still missing an explanation of the biasing scheme used in these sensors and its 
potential influence on the measurements. It might be that some of the fluctuations in the 
lower voltage part of the IV curves are due to that: pixels getting properly biased only 
after sufficient bias voltage creates a punch through connection to these pixels. 

The biasing clearly depends on a punch-through mechanism and this is typical for pixel 
sensors. However, since we don’t have much information on the punch-through, we 
would prefer to leave this as “punch-through” without further elaboration. We followed 
a biasing recipe given to us by the vendor. 

 

23-) Tables 3-4 Do these long tables really add any crucial information? They are 
tiresome to read ... 

One could always skip over the tables. We feel that they add information that might give 
the Reader a better understanding of the spot-checking. 

 

24-) Summary: isn’t a rate of 5% bad sensors found among sensors that where supposed 
to be all good rather alarming? You have to expect the same number of false positives 
among the sensors not tested by FNAL meaning that many modules where built with 
sensors that where not good? Was this of no consequence to the project? 
 
The yield of good sensors as determined by the vendor is high – about 96%. For sensors 
where we had some disagreement with the vendor the leakage differences are typically 
small and could be explained by slightly higher or lower cleanroom temperatures. We 



don’t see a 4% disagreement on a small percentage of sensors as alarming but rather a 
statement that there is not always a clear separation between “good” and “bad”. 
 


