Response to comments

Thanks for your comments. I’ve described the changes to the paper below.

 Section1: 

The introduction should be more clear and focused on the results of the paper. Currently it is just an introduction to high z materials. The title of the paper says it is a development of high-Z sensors for the pixel array detectors. However, it is not clear if the goal of the paper is to develop a module for generic sensors using Medipix 3 or if it is for a specific Ge sensor (that impression is given by reading the end of section 5). The last line of the abstract says it is the former, but the reader can benefit from a more crisp definition in the introduction. The introduction and subsequent sections read nicely but resemble chapters of books not a paper. Would be better to clearly define what the novelty is. My understanding is that the paper is proposing a generic large sensor module read out with Medipix for synchrotron sources and medical applications in a high rate environment. Somewhere large should be quantified. For example the paper could quote infrared sensors developed for astrophysics from Finger et al NIM A 565 (2006) 241-250, that indicate single large arrays are of 2k x 2k or 4k x 4k and compare to that. 

I have now made it clear throughout the paper that we have 2 aims – firstly, developing finely-pixellated germanium detectors bonded to Medipix3, and secondly producing a generic large-area Medipix3 readout module that will be compatible with different high-Z materials and silicon.

Section 2 

Subsections 1 and 2 could be combined in only one and made more concise and reflect similar level of description. For example Sec 2.2 discusses pixel sizes and Medipix while Sec 2.1 does not. Also high Z sensors are used for astrophysics and not referred here in other applications. You do not necessarily need to refer to them here, but the section should be written in way that does not leave the reader wondering why other items were not included 

I have combined both sections as you suggest. I have added information on astrophysics applications in this section, and I’ve explained that their requirements tend to be different from synchrotron X-ray experiments.

Section 3 

As stated, the requirements are a bit vague. Words such as “good enough” are not sufficiently precise to give an idea of what the design requirements for the modules are. A question that comes to mind is that if mechanical, electrical and thermal interfaces can be stated as a general requirement irrespective of the high Z material used or not. This section needs to be more quantitative. Also the requirements for light sources and medical applications may be different. Stating all that clearly in the section will improve the paper. Are there rate requirements, position and energy resolution, noise , leakage current, etc. If the Medipix chip is defining the requirements for the module then these should be stated and in Sec 4 clearly explain what are requirements are met or not by different materials in a systematic way. 

I have made the requirements clearer and more quantitative. The Medipix chip does affect the requirements, and there are features like the typical ASIC size and the need for wire bonding at the edge that are common to different hybrid pixel detectors, so I’ve discussed this further. The major difference between light sources and medical imaging is the use of monochromatic and polychromatic beams, so I’ve discussed how this affects particular features like the energy resolution.  

Section 4 

All subsections mention Medipix being used with a detector. So, the novelty of this paper is a bit lost since it does not explicitly call out the main difference from previous applications and the current module design. These section has statements such as “high carrier trapping”. “low 

In section 5 I make it clearer that the novelty is the construction of large-area modules. (Also, Ge has not been previously used in hybrid pixels.)

Section 4.1 

Need to add some references on the description of some of the properties and availability of CdTe. CdTe can also be made as Schottky junctions see Takahashi et al NIMA Volume 436, Issues 1-2, 21 October 1999, Pages 111-119. Again, large area is not defined. It would have been better if it had been defined early on at the introduction. A reader would be curious why not CdZnTe as well. It is worth mentioning about it. Reference 5 is not used properly. As is , it indicates that CdTe is a semiconductor, which is not the intent of the paper in Ref 5. Similar problem is with reference 8. 

I have added references as required. I’ve also mentioned CdZnTe; the reason for focusing on CdTe was due to the availability of larger areas of single crystal CdTe.

Section 4.3 

Umicore in Belgium, for example, produces 6 inch Ge wafers. It is useful to quantify whether the limitation in size has to do with requirements of doping concentrations, uniformity and charge transport. 

I have now made it clear that while 6” wafers are available, Canberra Lingolsheim now has facilities for processing 4” and smaller wafers.

Section 5 

The title of the section should be modified to reflect what has actually been accomplished. What is the intent of the word “producing”? . Same comments as before, need to quantify statements “enough pixels to distinguish Bragg spot”, “wide angular region”. Avoid abbreviation of 2000 fps , use frames per second. Is it full frame mode? Can the module read sub areas of the pixel array or even individual pixels? Is there a benefit in doing that? In this section it refers to a common DESY design, but offers no reference to what that is.

I’ve explained the status – the module is in development, with the main components like the ceramic module holder currently being fabricated. In this section (and section 3) requirements are made more quantative. The readout speed is in full frame mode; Medipix3 cannot read out sub-areas of chips, but the pixel counter depth can be reduced to allow higher frame rates with reduced dynamic range. The common DESY design is now referenced.

Section 6 

It is not clear that DESY is developing all three types of high Z sensors described here. If true, make it clear in the introduction as well. The conclusion is not very clear and needs to describe the results from the module or whatever the main results of the paper are. 

I’ve now made it clear in introduction and conclusion that our work is developing Ge pixels and a generic large-area Medipix3 module.
Rewording and Typos and General comments 
Replace “synchrotrons” by “synchrotron light sources” in several places 

Replace “like…” by “such as…” where appropriate 

Replace “*” by “ by “ for example 28 mm * 84 mm by 28 mm by 84 mm. 

Replace “DESY are” by “DESY is”

Corrected.

