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Abstract 
 

In this paper is presented an investigation on a  
new low cost and voltage consumption single 
poly-silicon memory cell for passive RFID (Radio 
Frequency IDentification)applications.  This structure 
is low cost due to its single poly-silicon design. This 
memory cell has two particularities : the first one is that 
no deported capacitor is necessary to program this cell 
which allows to reduce the structure size to 1.1µm². 
The second one is the way the cell is erased. A Zener 
diode is used to generate carriers in order to be injected 
into the floating gate. This Zener diode is one of the 
key points for the functionality that has to be validated 
with some electrical trials. These trials permit to 
integrate and use the Zener diodes measured in 
simulations of the complete memory cell. This is done 
to validate the best candidate between the Zener diodes 
used for the cell and highlight the efficiency in 
consumption and rapidity to erase the cell. Besides, the 
writing and the reading cases are simulated in order to 
show the low consumption required by the cell during 
these phases.  

 
Keyword : Single poly-silicon memory, low cost, low 
consumption, Zener effect. 

 
1. Introduction 

 
Most of the Non-Volatile Memories (NVM) found in 

low cost and consumption applications, such as RFID 
tags, are single poly silicon memories [1-7]. They are 
usually made in Logic NVM (single poly silicon NVM 
without mask added) [6-7] to reduce the cost. 
Nevertheless, these NVM have several disadvantages 
such as: high potentials or a combination of positive 
and negative polarizations and important die size. In 
this paper, a new low cost and voltage consumption 
single poly-silicon memory cell is presented. The cell 
does not necessitate a deported capacitor compared to 
the existing single poly used for the RFID memories 
[5-7] that reduce the size of one structure.  

This memory is programmed (Writing/Erasing) using 

low and strictly positive polarizations. This point is 
important because the architecture does not require a 
charge pumping to generate the negative polarisation. 
This allows to reduce the consumption of the chip 
because charge pumping used 90% of the energy 
necessary by the chip during the programming 
operations [17].  The structure cost is reduced as it is 
made in CMOS (Complementary Metal Oxide Silicon) 
standard logic process [6]. 

 
2. Presentation of the device structure 

 
A schematic, layout and a cross section of a new 

single poly-silicon EEPROM are shown in fig.1. 
 

 

Fig. 1: (a) Layout, (b) schematic and (c) cross section 
of a TCAD process simulation of the new single-poly 

cell double implant 
 

The memory and select transistors have a uniform 
7nm oxide giving way to a simplified production 
process. Two main differences between this memory 
cell and a classical single poly-silicon memory cell are 
observed. The first disparity is a P+ implant which is 
performed into the N+ drain implant of the memory cell 
to form a Zener diode. The aim of this diode is to 
generate carriers in order to erase the structure with a 
low voltage consumption. The second disparity is that a 
deported capacitor is unnecessary to program the cell, 
thus reducing the structure size under 1.1µm² for a 
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0.13µm technology node. Nevertheless, suppressing the 
deported capacitor means that the structure has to be 
well designed to obtain the right coupling ratio to write 
and erase the cell. 

  The most interesting LNVM have a size which 
range from 5µm² to 65µm² [10-16]. The second is a P+ 
implant which is performed into the N+ drain implant of 
the memory cell [10-11]. The size gain, compared to all 
these memories, is at least 5 times better for the 
technology node.  

 
3. Process flow of the structure 

 
The fabrication of the structure is summarized in fig. 

2. 
 

 
Fig. 2 : Process flow of the new single-poly cell double 

implant 
 
First of all, an implantation of Phosphorus is used 

with a mask of photoresist employed to hide the zone 
not implanted. The dose employed for this implantation 
is 0.5x cm-2 (x is the reference dose) and an energy at 
3y KeV (y is the reference energy). This step is 
followed by an uniform oxide growth of 7nm for the 
select and the memory transistor and a deposition of the 
gate. Furthermore, an oxide spacer is done and the 
photoresist is deposited to implant the P+ zone to form 
the Zener diode. This operation is achieved with the 
same step than PMOS transistor implantation to avoid a 
specific layer in order to reduce the fabrication cost. 
The P+ zone is implanted with Boron at a dose of 3x 
cm-2 for an energy at 1y KeV. After this step, the 
process fabrication continues its flow towards the back 
end process. 

 
4. Programming and reading concepts 

 
To program this memory cell, two methods are used : 

the Zener effect [7], [11] to erase and the 
Fowler-Nordheim mechanism [8], [9] to write. 

The Zener or tunnel effect is employed to generate 
electrons by the P+/N+ junction (fig.3). This 
phenomenom occurred for a sufficient polarization (Vj) 
applied on the diode. When Vj is sufficient, the band 
bending becomes such that some electrons can tunnel 
from the valence band (Ev) to the conduction band (Ec). 
Under the electric field (ξ) applied on the space charge, 
the electrons are accelerated and can generate 
electron-hole pairs under a sufficient electric field by 
impact ionization or avalanche effect.  

 

Fig. 3 : Tunnel and avalanche effect on a diode 
 
These carriers generated under the gate to drain 

overlap can be, if they are sufficiently energetic, 
injected into the floating gate (Erasing fig.4).  

The necessary voltages applied for the erasing 
operation are 5V on VDN and VS contacts at the same 
time, while VDP contact is grounded. These voltages 
allow to increase the polarizations on the floating gate, 
by coupling. This gives a sufficient field for the carriers 
generated by the Zener diode, on the oxide region, to be 
injected into the floating gate. 
 
 

Fig. 4 : Erasing of the new single-poly cell double 
implant by a Zener effect  

 
The well-known Fowler-Nordheim phenomenon is 

employed to remove these electrons on the source side 
(writing fig.5) by applying a voltage of 9V on the 
source while the other contacts are floating.  

 
 

Fig. 5 : Writing of the new single-poly cell double 
implant by the Fowler Nordheim effect 
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The memory cell can be read when both drain 

contacts are grounded and a positive polarization must 
be applied on the source. The polarizations applied on 
the structure are summarized in Table I. 

 
 Write Erase Read 

VDN (V) Float 5 0 
VDP (V) Float 0 0 
VS  (V) 9 5 0.2 
VGC (V) 0 5 2 

 

Table I: Programming potentials of the new 
single-poly cell double implant 

 
5. Array memory of the cell 

 
The memory array for this structure is designed with 

an EEPROM NOR architecture. The choice of this 
array is to facilitate the access of one memory cell by 
using a select transistor. An example of a four cells 
array with the new single-poly cell double implant can 
be seen in fig.3. 

 
 

 
 

 

Fig.6 : Array of 4 new single-poly cells double implant 
 
This array is easily achieved because the contact VDP 

is always grounded no matter which operation is done 
on the memory. The VS contacts of the structures are 
common that allow writing by byte. And for the erasing 
case, each cell could be erased bit by bit. 
 

6. Investigations on the Zener diode 
 
To achieve this structure, an investigation was done 

to find the optimum Zener diode. The requirements 
targeted are that there is no voltage variation in 
temperature with the Zener breakdown and no addition 
of mask. The three diodes choices are represented with 
the following split : 

 
Diode 1 2 3 

P doping Boron Boron Boron 
Dose 1x 2x 3x 

Energy 1y KeV 1y KeV 1y KeV 
 
 For the three diodes tested, the N+ implant is the 

same. The specie used is Phosphorus at a dose of 0.5x 
cm-2 for an energy of 3y KeV.  

On these diodes, the measures are made on two 

different temperatures (25°C and 125°C) and the results 
obtained are shown in fig.6. 

 

 
Fig. 7 : (a) Electrical characterizations of Zener diodes 
and zoom on breakdown temperature shift at 1µA (b) 

Zoom on the current curves around the Zener to 
Avalanche effect transition 

 
As represented in fig.7, the variation of the diodes 

voltage breakdown ranges from 0 to 0.1V for a 
temperature variation ranging from 25 to 125°C at 1µA 
(fig.7).  

The leakage current obtained for the three diodes, for 
a low voltage, is stronger at 125°C. This is due to the 
reduction of the diodes band gap with temperature. 
Furthermore, it is visible in this figure that the current 
for the three diodes is a contribution of two 
phenomenons: the Zener effect and the avalanche effect. 
For the three diodes, ranging from 0 to -4.9V, the Zener 
current is the predominant one. The currents at ambient 
temperature are lower than those measured at a higher 
temperature. As the Zener current increases with the 
temperature, this explains why under 5.3V for diode 1, 
5.1 V for diode 2 and 4.9V for diode 3, this current is 
induced by the Zener effect.  

Moreover beyond these voltages the current is 
attributed, for the three diodes, to an avalanche effect 
which delays the increase of the current. Nevertheless, 
the shift obtained for the three diodes do not exceed 
0.1V. This is possible thanks to the two effects 
combined together where a consequent shift on the 
breakdown voltage is avoided, with a fixed current of 
1µA.  

According to these results, some process trials are 
made on the memory structure by inserting these Zener 
diodes in the fabrication flow. In parallel to these trials, 
a process comparison is made between the results 
obtained by the Sentaurus TCAD simulator with a 
STMicroelectronics standard process and the process 
trials (fig.8). The diode 3 is used for this comparison. 
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Fig. 8 : (a) AFM SCM cut and (b) zoom on the poly-silicon 

overlap of the P+ implant (c) TCAD process simulation of the 
double implant 

 
The process trials are analyzed with an Atomic 

Force Microscopy Scanning Capacitance Microscopes 
(AFM SCM) analysis. These results, obtained from the 
AFM SCM, allow to monitor the P+ implant. This 
insures that the implantations profile results in the 
process flow correspond to the simulations results. In 
accordance with the results in fig.8, the AFM SCM cut 
gives a positive match to the simulation results. The 
diffusion of the P+ implant in the process simulation is 
the one obtained in the process flow. 

 
7. The new single-poly cell double implant TCAD 

simulations 
 
In accordance with these process simulations, the 

programming of the memory is simulated by using 
TCAD Sentaurus simulator. The simulations for the 
Zener effect are done for the different diodes giving 
way to various diffusion lengths Lr (fig.1.b) under the 
gate. The results, which represents the charge into 
floating gate (QFG) and the gate current (IG) versus 
programming time for the erasing case, are shown in 
fig.6.  
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Fig. 9 : Cell erasing Qfg(time) and Ig(time) for the 

different diodes implantations 

Table II underlines the impact on the variation of the 
charge injected into the floating gate (∆QFG) in 
agreement to the process diode used.  
 

Diode 1 2 3 
Lr (nm) 40 70 90 

Time (µs) 20 30 40 
∆QFG (fC) 0.82 0.75 0.68 

 

Table II: Results of ∆QFG for the different diodes 
 
As seen in Table II, to improve the charges injection 

efficiency, the diffusion of the P+ implant (Lr) must be 
as small as possible. This is explained by two factors. 
The first one is that the doping gradient is reduced 
when the P+ diffusion length increases for the identical 
N+ implant. The second factor is that the coupling ratio 
induced by the capacity between the overlap of the 
drain N and the gate is reduced when the P+ implant 
diffusion becomes more important under the gate. The 
field is diminished and it becomes less favourable for 
the carriers to be injected. The optimum Zener diode 
for this memory is an overlap of Lr = 0.04µm which 
corresponds to a ∆QFG = 0.82fC. In addition, the cell 
pulse must run for 20µs.  

No matter which diode is used to write the cell, the 
pulse must last 1ms for a charge quantity injected of 
0.8fC (fig.10). 
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Fig. 10: Cell writing QFG(time) and IG(time) for diode 1 

 
 These results induce a good overlap which is taken 

between the source implant and the gate. When this 
overlap is increased, the coupling ratio diminishes 
leading to an unfavourable electric field applied on the 
oxide to inject carriers. 

When the cell programming is achieved, two states 
of charge are obtained. The results obtained from 
simulations are the following (fig.11).  
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Fig. 11: Cell reading IS(VS) with |QFG|=0.4fC 
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The polarization summarized in table I is applied on 

the structure. To differentiate the erase from the write 
state, for a read current fixed at 1µA, a source 
polarization of 0.2V is sufficient  

Table III summaries all the results obtained for the 
programming operation of the structure. 

 
 Pulse Voltage Current consumption

Write 1 ms 9V 5 nA 
Erase 20 µs 5V 1 µA 

 

Table III: Programming results for diode 1 

 
The current necessary to write the cell is very low 
where a few nano-amps are sufficient for 9V. For the 
erasing, only 5V are applied on the structure for a 
current of only 1 µA during 20µs. In order to 
distinguish the two states, only 0.2V are required for a 
reading done at 1 µA. In comparison, to the CMOS 
logic process memories (LNVM) [10-16], the 
polarizations required range from 5 to 19V for a few 
milliseconds. 
 

8. Conclusions 
 
The structure presented in this paper is entirely 

simulated on TCAD simulators ranging from the 
process to the electrical results. The Zener effect, 
governed by the diffusion and dose of P+ implant into 
the drain N+, is controlled and optimized by electrical 
characterizations on different diodes. This 
characterization put forth the weak variation in 
temperature of the diode breakdown voltage. The diode 
choices have been integrated to achieve the process 
flow of the memory cell in order to be compared with 
AFMs SCM analysis. The electrical results simulated 
are promising, a 5V polarization is sufficient to erase 
the cell for a short erasing time of only 20µs. The size 
of this structure is under 1µm² for a 0.13µm technology 
node which is really small for a memory using a Logic 
process.  Only low and strictly positive polarizations 
are necessary to program the cell, which is not the case 
for all logic memories that require positive and 
negative voltage [12-16]. This allows to reduce the 
consumption and the surface occupied by the charge 
pumping. 

All the results obtained for this new single 
poly-silicon memory are encouraging and they meet the 
requirements to be integrated in RFID applications. 
 

9. References 
 
[1] Min-Hwa , “ A new single poly flash memory for 
low voltage and low power operations for embedded 
applications,” Proc Dev Res Conf Digest, 55th pp. 126, 
1998 
[2] Carman E et al, “Single poly EEPROM for smart 
power IC’s,” Proc The 12th ISPSO, pp. 177, 2000 
[3] Kee-Yeol, et al., “ Novel single polysilicon 
EEPROM cell with a dual work function for the 

floating gate,” IEEE el dev let, 28, N 11, pp. 1047, 
2007 
[4] F. Masuoka, et al., “A new Flash EEPROM cell 
using triple polysilicon technology,” IEDM, 1984 
[5] Y. Roizin et al., “C-Flash : An ultra low Power 
single poly logic Non volatile memory cell,” ICMTD, 
pp 90-92, 2008. [6] Bin Wang, et Yajun M, Proc 
NVSMW/ICMTD, pp. 22, 2008 
[7] Liyang Pan; et al., “ Novel self-convergent 
programming method using source-induced 
band-to-band hot electron injection,” IEEE el dev let, 
23, N 11, pp. 652, 2002 
[8] Jae Sung Sim et al, “ BAVI-cell: a novel high-speed 
50 nm SONOS memory with band-to-band tunneling 
initiated avalanche injection mechanism,” Proc Int 
Sym on VLSI Tech, pp. 122, 2005 
[9] R. H. Fowler, “Electron Emission in Intense 
Electric Fields,”  Proc Soc London, A 119, pp. 173 , 
1928 
[10] M-H  Chi, “ CMOS inverter using gate induced 
drain leakage current,” US patent 6,144,075 , 2000. 
[11] M-H Chi, “Single poly EEPROM cell structure 
operations and array architecture,” US patent 
6,025,625, 2000. 
 [12] K. Kwong, et al., “Electrically-alterable non 
volatile memory,” US patent 7,095,076, 2006. 
[13] K-Y Na et al., “A Novel Single Polysilicon 
EEPROM Cell with a polyfinger capacitor,” IEEE 
Electron Device Letters, vol. 28, no. 11, Nov. 2007. 
[14] Y. Roizin et al., “A single polysilicon based on a 
CMOS inverter with a common floating gate,” proc 
ICMTD, pp 103-106, 2007. 
[15] Y. Roizin et al., “Complementary Non volatile 
memory cell,” US Patent 6,788,576, 2004.  
[16] Z. Chen, et al., “Fabrication and characterization 
of 1.5fF/µm2 high-performance low-cost 
metal-insulator-metal capacitor in 0.13µm and below 
Cu BEOL technologies,” Solid-State and Integrated 
Circuits Technology, Proceedings. 7th International 
Conference on, vol. 1, issue 18-21, pp 202-205, Oct. 
2004.  
[17] C. Papaix, J. M. Daga, “High voltage Generation 
for low Power large VDD Range Non Volatile 
Memories,” PATMOS, 2001  [on line].  Available 
on :   
http://patmos2001.eivd.ch/program/Repro%5CArt_7_2
.pdf 

16 SYSTEMICS, CYBERNETICS AND INFORMATICS        VOLUME 8 - NUMBER 5 - YEAR 2010 ISSN: 1690-4524


	XF929CJ

