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Problem Formulation: Resistive Random Access Meni@sRAM) is a form of nonvolatile storage that
operates by changing the resistance of a spedatiywulated solid dielectric material [1]. Among
ReRAMs, Oxide-based Resistive RAMs (so-called OxRRAare promising candidates due their
compatibility with CMOS processes and high ON/ORgsistance ratio. Common problems with
OxRRAM are related to high variability in operatiegnditions and low yield. OXRRAM variability
mainly impact ON/OFF resistance ratio. This rato & key parameter to determine the overall
performance of an OXRRAM memory. In this conteRe presented built-in structure allows collecting
statistical data related to the OxRRAM memory arf@N/OFF resistance distributions) for reliability
assessment of the technology.

Built-In Self-Test (BIST) structure: Fig. la presethe elementary array used for simulation whih i
constituted by a 3x3 1T/1R cell matrix, a row demmda column decoder and a sense amplifier for the
read operation. The OXRRAM compact model used fitd ihe memory array satisfactorily matches
guasi-static and dynamic experimental data measurexttual HfGQ-based devices (Fig. 1b). Notice that
the OXRRAM model allows a variability analysis bdis;mn OXRRAM card model parameters variation.
The card model parameter variations are chosesetoeikperimental data [2].
Fig. 2 presents the single-ended sense amplifodid (¥ne). The circuit working principle is quigmple.
During a READ operation, the OXRRAM cell is biagbdow the row decoder (with Mq¢> 0 and WL
high). The current cell valugej is generated according to the memory state (R after a SET
operation and RORR25 K after a RESET operation). The comparator inpyti¥ directly proportional
to leen @and therefore to the OXRRAM resistance (two distiralues are available for\ Vi ser for RON
and Viy reserfor ROFF).
So that the sense amplifier operates properlyherohe hand the difference betweend¥r and My reset
must be the highest and on the other hagg Was to be set exactly betweeR ¥t and My reser Values.
At a circuit level, \y is the parameter to consider in terms of memongtionality. To extract \ value,
a variable voltage reference source and a mul@plare incorporated in the sensing circuit (dogtad of
the circuit) and the READ operation is modifiedf@afow:

* Vgerincreases step by step from 0 tg Wrer increase is controlled by a shift register),

» V) value is detected when the sense amplifier outpiitches (the shifting process stops when

Vrer> Vi, i.e Rd_REG signal becomes active),
e V) is available at the circuit output in a numeriealue when BIST_EN signal is high.

Simulation results:

To validate the BIST structure, a variability arg$yis conducted through 500 Monte Carlo simulation
The elementary matrix presented in Fig. 1, embegthe BIST structure, is considered for simulations
As a result of cell variability, circuit performamexhibits much wider variability. In Fig. 3a, RGIxd
ROFF distributions are plotted (RON/ROFF variapiliteing correlated with actual silicon results). In
Fig. 3b, Mn seT and My reser distributions are also plotted. These last digtidns are similar to RON and
ROFF distributions. This trend is confirmed by tt@relation curve presented in Fig. 4. Therefdne, t
modified sense amplifier structure can be used pswaerful tool to track any resistance variations b
also to characterize the memory array variability.

To summarize, a built in self-test structure isspreged for Resistive RAM characterization and \ulitst
evaluation. The area overhead introduced by streigsurelatively low as the structure is integratethe
sense amplifiers. The normal mode of operatiomefrhemory is preserved. Besides, extracted vahees a
given in a digital data format, so the extractiongess does not required any analog pin on thertest
making it fully digital tester compliant or easipservable via the random logic.
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Fig. 1 (a) OXRRAM memory array (a) |-V charactedsheasured on HfO2-based devices and corresposdmgation using
the OXRRAM model & SET voltage as a function of gfregramming ramp
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Fig. 3 RON and ROFF distributions &W\serand Viy reserdistributions versus cell variability
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