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Hassen Aziza is currently associate professor at Aix-Marseille University-IM2NP laboratory (Institute of materials, microelectronics and nanosciences of Provence). His research fields cover design, test and reliability of conventional non-volatile memories (Flash & EEPROM) as well as emerging memories (Resistive RAM). He is (co)author of more than 120 papers in international conferences and journals and is (co)inventor of 5 patents. Hassen AZIZA was involved the French National Research Agency project DIPMEM dedicated to hybrid circuit design (CMOS-ReRAM). Since 2017, Hassen AZIZA is the IM2NP's "Memory Team" leader. IM2NP's "Memory Team" is composed of 12 permanents. Research thematics conducted by the group are fully dedicated to Resistive RAM technology, Design and Test. (all the cells are connected in parallel), is presented and processed in Section II.B. This is 16x16 array of cells connected in parallel. Text added in Section II.B: "Note that the 16x16 STATE test structure differs from a classical memory array (such as the 8x8 1T1R elementary array used to characterize the variability of the technology in Section II.A) as all the cells are connected in parallel."

5. In section III-A it is mentioned that slow IV ramp is preferred instead of pulses. Since the RRAM properties LRS, RHRS, endurance and retention depend on the FRM/SET/RESET condition (voltage, time), can the authors comment (ideally in the manuscript) on how the results are applicable to real products which most likely use pulses in the few us range? Thanks for this valuable feedback. Indeed, real products use pulses for programming operation (FRM/SET/RESET), which is different from the programming signals used in the proposed methodology.

However, the proposed methodology is dedicated to test chips, not to real products. As mentioned in the text (Section II.B), "during the early phase of development, it is often difficult to obtain sufficient reliable data on RRAM memories. The process itself is not stabilized and fully functional devices are not yet available. At this stage, test structures can play an important diagnostic role in climbing the yield learning curve and in providing valuable reliability data."

This methodology is intended to become a standard for high-speed endurance tests for a given technology. Each technology/process optimization trial would provide a test chip for endurance evaluation. Different technologies/recipe can be benchmarked regarding endurance based on the proposed test chip.

6. In section III-C the authors compare their endurance results to [5]. Are you both using the same RRAM process and hardware? If not, couldn't the difference in endurance just be due to different stack properties?

In fact, different stacks are benchmarked in [5]. Among these stacks, two are considered for comparison (same technology as the one proposed in this paper: TiN/Hf/HfO2/TiN stack):

-Chen, Y. Y.; Goux, L.; Clima, S. 
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  . J. Postel-Pellerin was born in 1982. He received M.S. and Ph.D. degrees from Aix-Marseille University, Marseille, France, in 2005 and 2008, respectively. He joined the Memory Team of the Institut Matériaux Microélectronique Nanosciences de Provence (IM2NP), Marseille, France, in 2009 and became an Associate Professor with Aix-Marseille University. His current research interests include the electrical characterization, the modeling and the TCAD simulation of Flash memories, especially for reliability and security studies. He is also working on the development of innovative floating-gate NVM architectures for low-energy applications. M. Moreau received the Master of Science and Ph.D. degrees in micro and nanoelectronics from Aix-Marseille University, France, respectively in 2007 and 2010. His doctoral research at the Institute of Materials Microelectronics and Nanosciences of Provence (IM2NP) covered numerical simulation and compact modeling of advanced nano-devices, like FinFET, based on new materials (high-k and III-V semiconductors). From 2010 to 2011, he was teaching assistant at polytech'Marseille and work on compact modeling of organic thin film transistors (OTFT). Since 2012, he is associate professor at Aix-Marseille University and conducts his research at IM2NP in the field of hybrid circuit design based on emerging non-volatile memories (ReRAM, MRAM, …). He is recipient of the Newcas 2013 Best Paper Award and the 2017 IEEE Transactions on Circuits and Systems Guillemin-Cauer Best Paper Award. Drive, Charlottesville, VA, 22901 Transactions on Device and Materials Reliability Scholarone, 375 Greenbrier Drive, Charlottesville, VA, 22901 Transactions on Device and Materials Reliability -The STATE test structure, which architecture is different from a classical memory array

7 .

 7 The authors misspelled their names in the cover page (Hassan instead of Hassen) and in the bio section (M. Postel-Pellerin instead of J. Postel-Pellerin). Fixed

  ; Govoreanu, B.; Degraeve, R.; Kar, G. S.; Fantini, A.; Groeseneken, G.; Wouters, D. J.; Jurczak, M. Endurance/Retention Trade-Off on HfO2/Metal Cap 1T1R Bipolar RRAM. IEEE Trans. Electron Devices 2013, 60, 1114-1121. -Chen, Y. Y.; Govoreanu, B.; Goux, L.; Degraeve, R.; Fantini, A.; Kar, G. S.; Wouters, D. J.; Groeseneken, G.; Kittl, J. A.; Jurczak, M.; et al. Balancing SET/RESET Pulse for 1010 Endurance in HfO2/ Hf 1T1R Bipolar RRAM. IEEE Trans. Electron Devices 2012, 59, 3243-3249.

Scholarone, 375 Greenbrier Drive, Charlottesville, VA, 22901

Transactions on Device and Materials Reliability P)^Q! E%' 9:B758Z' BH' 5@%L' o0BDB8HGL' 95\@H' E?MB@:I;L' 5IM' -BGH' 0BAB@?N>BIH' 9F5>BC?FZ' D?F' ..KEGLp' IS% =8+,3S% 5+@(*/0S% ?/89:'S% 672'S' <aL' YL' KFH:8@B'X)'L')&))%' ' H. AZIZA received his B.S. and M.S. degrees in Electrical Engineering, both from University of Marseille, France. He received his Ph.D. degree in 2002 from the University of Marseille, France.

Hassen Aziza is currently associate professor at Aix-Marseille University-IM2NP laboratory (Institute of materials, microelectronics and nanosciences of Provence). His research fields cover design, test and reliability of conventional non-volatile memories (Flash & EEPROM) as well as emerging memories (Resistive RAM). He is (co)author of more than 120 papers in international conferences and journals and is (co)inventor of 5 patents. Hassen AZIZA was involved the French National Research Agency project DIPMEM dedicated to hybrid circuit design (CMOS-ReRAM). Since 2017, Hassen AZIZA is the IM2NP's "Memory Team" leader. IM2NP's "Memory Team" is composed of 12 permanents. Research thematics conducted by the group are fully dedicated to Resistive RAM technology, Design and Test. It is defined in the third paragraph of the first section: "In this work, a lightweight test structure, presented for the first time in [9], and referred to as STATE (A Test Structure for Rapid Prediction of Resistive RAM Electrical Parameter Variability)".

The sentence has been rephrased to better highlight the meaning of the acronym: "In this work, a lightweight test structure, presented for the first time in [9], and referred to as STATE (StrucTure for rApid predicTion of RRAM Electrical parameter variability)" 2. In the 1st paragraph of the introduction, endurance is defined as the max number of SET & RESET cycles. But in the 2nd paragraph of the introduction, you write that "...claimed high endurance (>10^6)...few cycles (in many cases even <50) [5][6]". I don't understand that statement. Are you saying that some authors are measuring <50 cycles and claim 10^6? At least in [6] Fig. 5 it seems that endurance was tested for >1.5x10^5 cycles. Please clarify and update the manuscript. Thanks for the feedback. Indeed, the sentence creates confusion. What I mean is that some authors are only plotting electrical parameters for less than 50 cycles in the endurance plots, while the endurance test lasts 10^6 cycles (i.e., electrical parameter extraction is performed once in a while during the endurance test). Thus, some potential electrical parameter drifts are missed during the test. To accurately monitor RRAM parameter evolution, electrical parameters have to be extracted 10^6 times (i.e., after each cycle). The sentence has been rephrased: "First, most of the publications that claimed high endurance (>10 6 ) are based on endurance plots considering very few cycles (in many cases even <50) [5]. Which means that RRAM electrical parameter extraction is performed considering less than 50 cycles out of 10 6 cycles". Indeed, in [6], endurance was tested for >1.5x10^5 cycles, but it is not clear if resistances have been extracted for each cycle. Anyway, to be compliant with Ref [6] findings, Ref [6] has been moved here: Secondly, most studies only consider one single device, masking the intrinsic variability of the technology [6][7].

3. For most figures the symbols, axis titles and labels are too small (especially Fig. 2,4,5,6,8,9). For better readability, especially after printing, please improve. 4. You mention 8x8 cells, 16x16 cells and an array of 500x64 cells. From the text it is not clear why different cells were used and which test was done on which cell. Please add that info.

-To characterize the variability of the technology and assess the impact of variability on the HRS/LRS resistance ratio, a 8x8 1T-1R classical array is used (64 cells). Measurement results are presented in section II.A. As this elementary array is cycled 500 times, 500x60 measurements points are plotted in Fig. 2