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Abstract 
We present a scaling study toward 1Znm node 3D 

Cross-point PCM (XPCM) for Storage Class Memory (SCM) 
applications. The low operation current, and low metal line 
loading resistance are desired to avoid a wide operation voltage 
distribution in a cross-point array. For the first time, AC 
threshold voltage (Vth) of 1S1R OTS-PCM was studied, which 
will impact the operation scheme. To achieve Tera bits per chip 
density, six layers 1Znm 3D XPCM with OTS showing high 
Vth and low leakage current, and scalable periphery circuit are 
required.      

I. Introduction 
3D XPCM array using Ovonic Threshold Switch (OTS) 

with PCM memory is necessary to achieve the cost and 
capacity requirements for SCM used for either server grade 
SSD or DRAM-like applications [1]. In this paper, we present 
the following: (a) a scaling study considering loading effects 
and operation current; (b) an optimized design with 
considerations of the Vth of OTS with AC pulses, resistance 
drift and temperature dependence; (c) the Vth design criteria 
under “1/2V” [2] and “1/3V” operation schemes [3] to achieve 
high density OTS-PCM cross-point array; (d) leakage current 
requirements of the OTS; (e) cost evaluation based on 3D 
structure efficiency and scaling study toward 1Znm to achieve 
a competitive Tb level 3D XPCM memory; and (f) a 
high-density novel information storage using OTS is proposed 
to record the address of the defects, trimming information, and 
initial setting information [4] to handle complicated ECC and 
redundancy coding for 1Znm node. This work points out a 
roadmap of realizing 1Tb SCM using 3D XPCM for SCM. 

II. Scaling Study 
Figure 1 shows the IV curves of an 80nm 1S1R 

OTS-PCM cell using TeAsGeSiSe-based OTS (OTS A) and 
doped Ge2Sb2Te5 PCM [5]. Two Vths are observed for 
RESET (VtR) and SET (VtS) states, respectively. The Vth 
window is determined by the difference between the VtR and 
VtS. The RESET current of 80nm OTS-PCM is about 700uA 
[5]. Program voltage (Vpro) distribution is simulated with 
abovementioned device considering word-line (WL)/bit-line 
(BL) loading resistance (RLOAD) of 1kΩ as shown in Fig. 2. It 
shows wide Vpro distribution from 4.2V to 5.6V along the best 
corner to worst corner caused by the operation current of PCM 
(IOPER) and RLOAD (Vpro_total=Vpro+IOPER*RLOAD). Since the 
operation current of PCM is reduced by scaling [5], the scaling 
effect with fixed RLOAD 1kΩ is estimated in Fig. 3. The Vpro 
distribution is tightened when the PCM is smaller than 40nm 
due to lower operation current. However, the BEOL metal 
resistivity increases significantly beyond 20nm node [6]. At an 
extreme RLOAD of 20kΩ, simulation of 14nm device shows 
wide Vpro distribution and very high Vpro causing “1/2V” 
scheme to fail (½Vpro>VtS) as shown in Fig. 4.  

III. Threshold Voltage Design 
The AC Vth tests of the VtR using 5ns and 100ns pulses 

are shown in Fig. 5. At 5ns pulse the VtR is about 4.1V, which 
is higher than DC measurement. Once the pulse width increases 
to 100ns, the VtR is about 3.7V matching the DC result as 
shown in Fig. 1.  Subsequently, Fig. 6 shows the pulse width 
dependence of VtS and VtR and we find the maximum Vth 
window beyond 100ns. To maintain Vth window, additional 
factors needing consideration is VtS drift (Fig. 7), which 
increases VtS by 0.5V after 10hrs, and temperature (Fig. 8), 

where both forming voltage (Vf) and Vth decrease at higher 
temperatures. The key factors for optimal Vth window design 
are shown in Fig. 9. High Vth OTS is necessary to fulfill the 
“1/2V” scheme criteria for both read voltage (½Vread<VtS) 
and program voltage (½Vpro<VtS, and Vpro>VtR) conditions 
(black region). In contrast, low Vth OTS can only be used by 
“1/3V” scheme for programming (yellow region). Figure 10 
shows the VtS and VtR distributions for OTS A with thin PCM 
and AsSeGe OTS (OTS B) [7] with thick PCM (Vth window is 
tunable by PCM thickness). OTS A can fit “1/3V” Vpro and 
“1/2V” Vread schemes while OTS B can fit the “1/2V” Vpro 
and Vread schemes but high voltage operation is required [8] 
(Fig. 9).  

IV. Cross-Point Array and 3D Cost 
Figure 11 shows the IV curves of OTS A to investigate 

the leakage current impact on the cross-point array at different 
temperatures. A linear relationship was found by plotting 
ln(J/T2) versus V1/2, indicating the conduction model may fit 
the Trap limited conduction model [9] with corresponding 
barrier height of about 0.35eV to 0.44eV (Fig. 12). Figure 13 
shows the leakage current criterion estimation. To maintain 
reasonable read current of 10uA, less than nA leakage current 
at 0.7Vth is needed for 1k by 1k cross-point array. The power 
consumption calculation for OTS A (low Vth device) and OTS 
B (high Vth device) shows that OTS A demonstrates good read 
performance but poor write performance which is suitable for 
the SCM with heavy read function, and OTS B demonstrates 
both good read and write performances but the high voltage 
operation is needed which is suitable for the SCM with heavy 
write function as depicted in Fig. 14.   

Figure 15 shows the structure of the 3D XPCM with six 
memory layers. Each memory layer shares either a WL or BL 
with the adjacent layer. The WL(BL) decoders and sensing 
amplifier (SA) are under the array. The decoder area is a 
function of the memory layers. To consider the array efficiency, 
six layers show the lowest cost because the lowest ratio of 
decoder area to chip density as shown in Fig. 16. To achieve 
1Tb single chip, 1Znm 3D XPCM using six layers and scalable 
periphery circuit are needed as shown in Fig. 17.           

V. Novel Information Storage Scheme 
To handle complicated ECC, and redundancy for high 

density 3D XPCM, a novel information storage is proposed in 
Fig. 18. The initial state without forming process (non-forming 
state) is used to store the state ‘0’, while the device after 
forming associated with SET operation is used to store the state 
‘1’. (Note: The device pre-screen for the initial state can be 
done by checking the leakage current of the OTS). Following, 
the memory cell with state ‘0’ by using forming process 
associating with RESET operation is activated. The new state 
‘0’ will be defined by the PCM RESET state. Figure 19 
demonstrates good distributions of the Vf and Vth using OTS 
A with PCM device after soldering reflow, indicating this novel 
storage scheme is practical. 

VI. Summary 
A comprehensive scaling study on OTS-PCM cross-point 

memory toward 1Z node including 3D discussion is 
demonstrated. Additionally, a novel information storage 
scheme is presented.  
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