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Reviewer: 1 
 
 
1. Using STATE in the title I find confusing, especially since STATE is not defined in the text. Do 
the letters stand for anything, or is it just the name you gave the structure? Please clarify and 
update the manuscript. 
 
STATE stands for: A Test Structure for Rapid Prediction of Resistive RAM Electrical Parameter 
Variability. 
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 (>106) 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 106 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. 
Fig.2 and Fig.4 to Fig.9 improved 
As well as Fig. 3a 
Figure locations rearranged for better readability. 
 
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 of Section II.A. 
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- The STATE test structure, which architecture is different from a classical memory array 
(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.; 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.  

 
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 
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Reviewer: 2 
 
1. Is this method only suitable for OxRAM-type devices? How about the consideration of the other 
emerging devices, CBRAM type, and subquantum type devices 
(10.1109/IEDM.2005.1609463; https://www.nature.com/articles/s41467-018-07682-0; Electronics 
9 (6), 1029, 2020)? 
 
This methodology is dedicated to any Resistive RAM technology providing a hysteresis at the cell 
level in its I-V characteristic. CBRAM types and subquantum type devices falls into this category. 
Text added (end of Section III.C): 
“It is worth noting that this methodology can be extended to any technology providing a hysteresis 
in its I-V characteristic at the cell level, such as CBRAM [21] or even subquantum CBRAM 
devices [22]” 
 
2. Revise the references to increase the visibility of this work. 
 
All references rewritten with full information.  
 
4 references added: 
[21] Y. Shi et al., “A Neuromorphic Brain Interface Based on RRAM Crossbar Arrays for High 
Throughput Real-Time Spike Sorting,” in IEEE Transactions on Electron Devices, vol. 69, no. 4, 
pp. 2137-2144, 2022. 
[22] Shi Y., Nguyen L., Oh S. et al. , “Neuroinspired unsupervised learning and pruning with 
subquantum CBRAM arrays,” Nat Commun 9, 5312 2018. 
[24] H. Aziza, M. Bocquet, J. -M. Portal and C. Muller, "Bipolar OxRRAM memory array reliability 
evaluation based on fault injection," 2011 IEEE 6th International Design and Test Workshop (IDT), 
2011, pp. 78-81, doi: 10.1109/IDT.2011.6123106. 
[25] M. Fieback, G. C. Medeiros, A. Gebregiorgis, H. Aziza, M. Taouil and S. Hamdioui, 
“Intermittent Undefined State Fault in RRAMs,” 2021 IEEE European Test Symposium (ETS), 
2021, pp. 1-6, doi: 10.1109/ETS50041.2021.9465401. 
[26] M. Fieback et al., “Defects, Fault Modeling, and Test Development Framework for RRAMs,” 
ACM Journal on Emerging Technologies in Computing Systems (JETC), 18(3), 1-26, 2022. 
With additional text: 
“This technique is particularly relevant as RRAM technology also suffers from classical defects 
related to memory arrays [24] as well as unique defects such as Intermittent Undefined State 
Fault (IUSF) [25][26]. Combined with variability, these defects can even more reduce the 
endurance of the technology.” 
 
3. Improve the figure quality. 
Fixed 
Fig.2 and Fig.4 to Fig.9 improved 
Figure locations rearranged for better readability. 
 
 

Page 15 of 15

Scholarone, 375 Greenbrier Drive, Charlottesville, VA, 22901

Transactions on Device and Materials Reliability

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


