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 Abstract—A design and manufacturing of test structures for 
characterization of logic integrated circuits in a VeSTIC process 
developed in ITE, are described. Two variants of the VeSTIC 
processs have been described. A role and sources of the process 
variability have been discussed. The VeSFET I-V characteristics, 
the logic cell static characteristics, and waveforms of the 53-stage 
ring oscillator are presented. Basic parameters of the VeSFETs 
have been determined. The role of the process variability and of 
the parasitic elements introduced by the conservative circuit 
design, e.g. wide conductive lines connecting the devices in the 
circuits, have been discussed. Based on the inverter layout and on 
the process specification, the parasitic elements of the inverter 
equivalent circuit have been extracted. The inverter propagation 
times, the ring oscillator frequency, and their dependence on the 
supply bias have been determined. 

Index Terms—VeSTIC; VeSFET; logic cell, logic integrated 
circuit; ring oscillator; parasitic elements; oscillation frequency; 
compact modeling 

I. INTRODUCTION 

 Vertical Slit Technology for Integrated Circuits 
(VeSTIC) is a method for IC manufacturing introduced in 

[1, 2]. The process enables fabrication of the circuits 
consisting of FinFET-type devices (VeSFETs, operating both 
in inversion and accumulation modes) [3,4], junction field-
effect transistors (VeSJFETs, with poly-Si gate/Si channel 
junctions) [5], and bipolar transistors (VeSBJTs, having poly-
Si emitters and collectors) [6]. In the ideal case the subsequent 
photolithography steps are based on regular grids of identical 
circular shapes. These shapes are patterned in different 
materials (silicon, polysilicon, oxide, metal). They are also 
used to define doping of different silicon and poly-Si areas. 
A comprehensive analysis of the VeSFET operation carried 
out using numerical simulations demonstrated promising 
characteristics of these devices: low OFF-state current, low 
subthreshold slope, satisfactory current efficiency in the ON-
state, high ION/IOFF ratio [7]. Additionally, if the VeSFET gates 
are independent, then the devices feature an additional 
functionality, i.e. a given gate threshold voltage control by the 
opposite gate. The independent gates may be obtained e.g. by 
a chemical mechanical planarization (CMP) step. Such an 
approach will be briefly mentioned in the next part of the 
paper. 
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The theoretical considerations on the VeSFET operation 
were partially confirmed by results of measurements of 
experimental devices fabricated in two laboratories [8, 9, 10]. 
However, it should be noted, that the architecture of these 
devices was significantly different from the original VeSFET 
concept [1, 2]. In particular, in the transistors reported in 
[9,10] only the channels were patterned as the narrow slits 
delimited by pairs of trenches of the circular shape. This 
approach was caused by the limitations of the available 
equipment for the photolithography, the parameters of which 
were insufficient (e.g. alignment accuracy > 250nm) for 
multiple patterning of dense matrix of circular shapes having 
the radius order of tens of nm, and for subsequent patterning 
of the contacts within these small areas. 

Following the promising results of the VeSFET modeling 
and device-level characterization, attempts were made to 
develop methods for design of integrated circuits (ICs) in the 
VeSTIC technology. These works were focused not only on 
the modeling/simulation aspects, but first of all on a 
realization of functions at the circuit-level and on the routing 
design. Both issues are strongly affected by the device 
architecture and by arrangement of a given IC as a regular 
array of the transistors of required electrical characteristics, 
where the circuit functions are defined at the metallization 
layers. These factors disable a freedom in the device layout 
design, which allows to achieve different current efficiencies. 
Such an approach is commonly used e.g. in the standard 
techniques of the analog IC design. In the design of the digital 
CMOS ICs, differences between the carrier mobilities in the n- 
and p-type channels must be compensated. However, it is not 
possible by using wider p-type VeSFETs, as in the planar 
CMOS processes. Therefore, the transistors must be connected 
accordingly to achieve non-standard characteristics. This 
operation is of course quantized. Such an approach, together 
with the grid-like placement of the transistors entails a 
necessity of dedicated connections between them. In [11] such 
an analysis was done and solutions for the analog and digital 
ICs were proposed. In [12] an interesting approach towards 
logic cell design based on the VeSFETs with two independent 
gates was presented. In [13] a possible application of VeSFETs 
for the SRAM memories design was discussed including 
routing between the devices and between the SRAM cells. 

A
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In the prior works on the IC design based on the VeSTIC 
process only solutions of the selected design issues were 
presented, which were not verified experimentally. Recently, a 
fabrication of the test structure containing simple logic gates 
and integrated circuit blocks based on complementary 
VeSFETs was reported [14]. The discussion presented there 
was focused on an analysis of parasitic capacitance and 
resistance effects on operation of the ring oscillator (RO).  
It was shown that the parasitic elements determined the RO 
timing. The large parasitics were due to the process limitations 
briefly mentioned above. In this paper, we present in a more 
comprehensive way results of this experiment, including the 
test structure design, process description, measurements of the 
individual test devices, logic gates, and of the ring oscillators. 
Results of the device level measurements were partially 
reported elsewhere [9, 10, 15]. 

The paper is arranged as follows. The VeSTIC process 
used for fabrication of the test circuits is briefly described in 
the Section II. A design of the devices and circuits is described 
in the Section III. Results of the their measurements are 
presented and discussed in the Section IV. A procedure for the 
extraction of the parasitic elements strongly affecting the logic 
circuit operation is described in the Section V. A procedure for 
estimation of the RO frequency is described in the Section VI, 
whereas operation of the "ideal" oscillator is characterized in 
the Section VII. The Section VIII summarizes the paper. 

II. VESTIC PROCESS 

The test structures were manufactured in two different 
processes. Individual transistors and inverters with were made 
in the full technological sequence including the CMP of 
polysilicon layers. These VeSFETs had two independent gates 
at the sidewalls of the channels. More complex structures (ring 
oscillators and logic gates) were manufactures in the modified 
process without the CMP step. Those VeSFETs had 
continuous polysilicon gates wrapping the top surface 
(covered with thick silicon oxide layer) and sidewalls of the 
channels. The polysilicon paths were also used as the first 
level of electrical connections in the RO circuit. The modified 
technological process differed from the full process sequence 
also with the thickness of the polysilicon layer and the 
polysilicon doping process. 

All types of structures were manufactured on 4-inch SOI 
wafers with 340 nm thick device layer and 400 nm thick buried 
oxide (BOX). The starting thickness of Si layer was reduced 
down to 190 nm due to multiple thermal oxidation, doping and 
wet oxide etching processes. In the first two photolithography 
steps the wafers were implanted with boron (1.51017 cm-3) and 
phosphorus (2.51017 cm-3) and annealed to obtain nearly 
uniform concentration of the dopants. We used shallow trench 
isolation (STI) to isolate transistors from each other. The 
trenches were formed by the plasma etching of 100 nm thick 
thermally grown SiO2 layer and 190 nm thick Si device layer. 
The mechanical stress resulting from the thermal expansion 
mismatch between the device layer and trench filling affects 

the carrier mobility and the transistor performance. To reduce 
this effect, a low temperature plasma enhanced chemical vapor 
deposition (PECVD) process was used to fill the shallow 
trenches with SiO2. The transistor channels were formed as 
narrow silicon passages (slits) between the source and drain 
regions. The slit and trench patterns were etched in the same 
process. The BOX layer was almost untreated during this 
process, however several nanometers might be etched in some 
regions as a result of extending the etching time to compensate 
for nonuniformity of the device layer thickness. A 12 nm thick 
sacrificial oxide was grown and removed by wet etching to 
reduce a sidewall radiation damage and a surface roughness 
induced by the dry-etching processes. The 7 nm gate oxide in 
the VeSFETs was thermally grown at 950°C. This step further 
reduced the width of the slit by 18 nm. 

After this step two process variants were used. For 
manufacturing of ring oscilators and logic gates, the 350 nm 
thick polysilicon layer was deposited in the LPCVD process. 
Then, two photolithography steps followed by boron or 
phosphorus implantation (dose 51015 cm-2) formed doping 
suitable for p- and n-type polysilicon gates. Alternatively, the 
wafers containing transistors with independent polysilicon 
gates were processed in the longer sequence. The first layer of 
500 nm thick polysilicon was deposited and after two 
photolithography steps, phosphorus and boron ions were 
implanted (dose 51015 cm-2). Next, additional 500 nm thick 
polysilicon layer was deposited and annealed. The CMP step 
carried out in Fraunhofer Institute for Silicon Technology 
(ISIT) was used to separate the polysilicon regions by 
removing the polysilicon layer above the Si slit and 100 nm 
thick SiO2 stop layer. The wafers were polished with the 
colloidal-silica-based Klebosol 1508-50 slurry to remove 
a native silicon dioxide. Then, Planerlite 6103 slurry was used 
to obtain a high polish rate of the polysilicon and high 
polysilicon/oxide selectivity. A trench over-polish dishing was 
found after CMP. It was deeper for longer polishing time, 
especially for wider trenches. We observed that the n-type 
polysilicon layer was more susceptible to dishing than the 
p-type layer.  

In both technological variants the photolithography and 
plasma etching steps formed final pattern of the polysilicon 
gates. We formed n- and p-channel VeSFET sources and 
drains using two photolithography steps followed by boron 
(51015 cm-2/30 keV) or phosphorus (51015 cm-2/40 keV) ion 
implantation. Then, a low temperature PECVD process was 
used to fill shallow trenches with 350 nm thick SiO2 layer. 
After photolithography and plasma etching of contacts, 
process was completed with a single level Al:Si metallization 
sintered at 435°C. 

III. TEST DEVICE AND CIRCUIT DESIGN 

The test structure designed for evaluation of the VeSTIC 
process comprised multiple devices and blocks: individual 
VeSFETs, logic gates, and ring oscillators. They are briefly 
presented in the following subsections. 
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A. Individuald VeSFETs 

The individual VeSFETs of different geometries were 
designed for monitoring of the process quality, for validation 
of the concept of CMP application as means of manufacturing 
of the VeSFETs with two independent gates, and for 
assessment of the slit geometry effect on the device electrical 
behavior. Schematic views and SEM images of the channel 
regions of the individual devices with the continuous and 
splitted gates are shown in Fig. 1 and Fig. 2, respectively. 

     
Fig. 1. A schematic view and SEM image of the VeSFET channel with the 
continuous poly-Si line above the slit area (after definition of the gates). 

 

   

source

drain

poly‐Si

gate 2gate 1

 
Fig. 2. A schematic view and SEM image of the VeSFET channel with two 
independent gates at the sidewalls of the slit (after CMP and definition of the 
gates). 

B. Logic gates 
Based on the complementary VeSFETs with non-splitted 

gates, simple logic cells were designed. The inverters, NOR 
and NAND gates having different architectures were included 
in the test structure for analysis of the substrate voltage effect 
on the logic cell characteristics, and for assessment of an 
effect of the p-channel device multiplication on the gate 
performances, e.g. transfer I-V characteristics, current 
consumption. SEM images of the NOR and NAND gates with 
single load p-channel VeSFETs are shown in Fig. 3, and 
Fig. 4. Analogous gates were designed in which there were 
two pVeSFETs connected in parallel, working as the loads. 
They are not illustrated in this work due to its larger 
complexity. In the images large polysilicon and metal areas 
are visible. Therefore a strong effect of the parasitic 
capacitances on the gate behavior was expected. This 
hypothesis has been confirmed both by the experiments and by 
the analysis of the gate layout presented below in a discussion 
of the ring oscillator operation. 

C. Ring oscillators 
The ring oscillators were included in the test structure for 

assessment of the overall process quality, of the switching 
characteristics, and of an effect of the parasitics on the gate 
operation. In the experiment the 53-stage ring oscillator was 
used. Each stage (inverter) consisted of three VeSFETs, one 
with n-type channel, and two with p-type channel connected in 
parallel. 

Details of the inverter architecture are better visible in 
Fig. 5 showing two RO stages marked in Fig. 6, where the 
image of the complete RO is shown. The circuit is equipped 
with the buffer for the voltage waveform measurements. 

 

 
Fig. 3. A SEM image of the NOR gate with single load pVeSFETs. 

 

 
Fig. 4. A SEM image of the NAND gate with single load pVeSFETs. 

input
output 
of inverter
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Fig. 5. SEM image of two stages of the CMOS ring oscillator. 

A difference between the actual VeSFET architecture and the 
"ideal design" [1, 2] is clearly visible. Only the slit has 
a characteristic circular shape, the radius of which is 
nominally 500 nm. The slit width is nominally 300 nm. 
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Fig. 6. SEM picture of the 53 stage CMOS ring oscillator manufactured in VeSTIC process; the circuit contains a buffer for probing; marked two stages shown 
in larger magnification in Fig. 2. 

Large areas of polysilicon (at the inverter input, and 
connecting gates of both p-type devices) and of the 
metallization are noticeable. It may be expected that they 
introduce large parasitic capacitances and resistances affecting 
the RO dynamic operation. 

IV. TEST DEVICE AND CIRCUIT MEASUREMENTS 

Electrical measurements of the devices, logic cells and ring 
oscillators were made on wafers using the Keithley 4200 
semiconductor characterization system equipped with source-
measure units (SMUs) for DC measurements and a scope unit 
Keithley 4200-SCP2 for RO waveforms acquisition. The 
characterization system was combined with the CASCADE 
MICROTECH probe station SUMMIT 12000B-AP. 

A. DC measurements of the VeSFETs 

The test circuit measurements were preceded by extensive 
DC measurements of the I-V characteristics of the individual 
VeSFETs. The measurement results proved that the process 
was developed correctly. However, a large spread of the 
VeSFET characteristics was noticeable [10]. First of all, it was 
due to the variability of the photolithography and patterning 
steps. Proper conditions of these operations imposed by 
requirements of the VeSTIC process could not be sufficiently 
provided using the available photolithography equipment. This 
 

led to a significant variability of the slit height and width. The 
slit width variability is of particular importance, because for 
the correct device opration it must be strictly correlated with 
the slit doping concentration. Additionally, the plasma etching 
of the slits iduced a large roughnes of the fin sidewall 
surfaces. Though reduced (see Section II), this effect led to a 
non-negligible defect density on the surface of the VeSFET 
channel. All the factors, mentioned above, were responsible 
for the experimentally observed spread of the device 
characteristics. 

The DC I-V characteristics of single n- and p-channel 
VeSFETs are shown in Fig. 7, and Fig. 8. They exhibit 
a correct transistor current efficiency. The threshold voltages 
 

Vth,n0.5 V, Vth,p-1.0 V, though not symmetrical, were 
acceptable. The VeSFETs demonstrated an excellent 
subthreshold slope SSn61 mV/dec, SSp75 mV/dec, and 
a high ION/IOFF ratio, namely ION/IOFF,n=5107, ION/IOFF,p=108. 
Such promising characteristics of the VeSFETs were predicted 
earlier by numerical simulations [4, 7]. 

a) 
 

b) 
 

Fig. 7. Input (a), and output (b) I-V characteristics of the  nVeSFET. 
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a)
 

b)            
 

Fig. 8. Input (a), and output (b) I-V characteristics of the pVeSFET. 

B. DC measurements of the logic gates 

The DC measurements of the inverters and logic gates in 
the VeSTIC test structure have shown their acceptable 
behavior, although some shortcomings have been also 
revealed. 

The transfer Vout(Vin) and Idd(Vin) characteristics of the 
inverter are shown in Fig. 9. In order to partially compensate 
the threshold voltage unsymmetry between the n- and  
p-channel VeSFETs, the substrate was biased at -10 V. 
However, due to a large variability of the transistors, the 
substrate bias improving characteristics of one device could 
not necessarily have a positive impact on the characteristics of 
another device. We suppose, that the device variability could 
be a reason for the fact, that  the Idd(Vin) characteristics in 
Fig. 9 demonstrated a relatively large supply current if the 
pVeSFET was switched-off. 

The DC transfer characteristics of the NOR and NAND 
gates are shown in Fig. 10. The gates correctly responded to 
the voltage waveforms at the input terminals. However, going 
into details shown in Fig. 11 and Fig. 12, relatively large 
current levels were measured not only during the switching, 
but in the steady-state as well. In the NOR gate, if two gate 
inputs were at the low level, and the output was at the high 

level, the bias source VDD provided a steady-state current IDD 
order of 30 nA. On the other side, if at least one input was at 
the high level (the output was at the low level) the steady-state 
current IDD provided by the VDD source was low. Also in this 
case the partially incorrect behavior of IDD current of the NOR 
gate can be probably attributed to the large variability of the 
device characteristics, which was very difficult to be 
compensated by the substrate bias. 

 

Fig. 9. Vout(Vin) and Idd(Vin) characteristics of the inverter in VeSTIC process. 

 
Fig. 10. Output voltage waveforms of the NOR and NAND gates. 

 

Fig. 11. Output voltage and supply current waveforms of the NOR gate. 
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Fig. 12. Output voltage and supply current waveforms of the NAND gate. 

C. Measurements of the ring oscillator 

Electrical measurements of the voltage waveforms in the 
53-stage ring oscillator finalized the test device/circuit 
characterization. 

In Fig. 13 two waveforms generated by the RO are shown. 
As expected, a strong effect of the supply bias on the 
oscillation frequency is clearly visible. However, the 
oscillation frequencies were low. Based on (1), where N=53 is 
the number of stages 

 fosc= 1/[N  (tr+tf)] (1) 

the frequency fosc of 0.8 MHz at VDD=3V corresponds to a sum 
of the inverter rise and fall times tr+tf=23.6 ns, whereas 
fosc=1.1 MHz at VDD=5V corresponds to tr+tf=17.2 ns. It was 
not a satisfactory result. Moreover it is visible, that the saw-
like waveforms did not reach in both cases the levels of 
VSS=0 V, and VDD. Based on these observation it could be 
concluded that the inverter/oscillator operation was strongly 
affected by large paracitic capacitances and/or resistances 
which together with insufficient current efficiency of the 
transistors made the time delays too large to form the 
waveforms of the correct shape. Moreover, it could be stated 
that the waveforms did not reach the VSS and VDD levels. 
 

 
Fig. 13. Waveforms of the ring oscillator measured for two supply voltages 

So, the oscillator consumed a large amount of the static power. 
The effect of the parasitics on the oscillation frequency will be 
discussed in the next sections. 

In Fig. 14 an effect of the substrate bias on the RO 
operation is illustrated. The most pronounced effect was  
a shift of the waveforms along the voltage axis. The negative 
substrate bias increased the pVeSFET channel conductance.  
In parallel it decreased the conductance of nVeSFETs. This 
led to the waveform shift shown in Fig. 14. It is also 
worthwhile to mention, that contrary to VDD voltage, the 
substrate bias had a negligible effect on the oscillation 
amplitudes. However, a small but clear effect of the substrate 
bias on the oscillation frequency was discovered. It is 
illustrated in a brief form in Fig. 15. 

 
Fig. 14. Waveforms of the ring oscillator measured for different substrate bias 

 
Fig. 15. Effect of back gate voltage on RO frequency. 

V. EXTRACTION OF PARASITIC ELEMENTS  
IN THE VESTIC CMOS INVERTER 

Parasitic elements of the inverter were determined based 
on the circuit layout, shown in Fig. 5 and illustrated in Fig. 16, 
where the parasitic elements were assigned to different regions 
of the inverter. Their characteristic values were estimated 
based on the corresponding region size and wafer/process 
data. Brief specifications of these elements along with their 
values are listed in Table I. 
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Fig. 16. A layout of the VeSFET-based CMOS inverter used in the ring 
oscillator design; parasitic passive elements are assigned to different regions 
of the inverter. 

Three groups of large parasitic capacitances are clearly 
noticeable, i.e. Cd_sub_x, Cpoly_sub_x, Cmet_sub_x between the areas 
of silicon, polysilicon and metallization and wafer substrate. 
They are of the order of 20 fF, 40 to130 fF, 120 fF 
accordingly. As compared to them, the capacitances between 
the VeSFET gates and channels Cg_chan_x, though having a thin 
gate oxide (7 nm) are at least ten times lower. The 
capacitances between the VeSFET channels and the substrate 
are negligible. 

There are two types of large parasitic resistances resulting 
from the inverter layout, namely the serial resistances of the 
VeSFET source/drain areas, and resistances of the polysilicon 
lines. The source/drain resistances Rs/d_n/p1/p2 are due to the 
source/drain contacts and to the access regions between the 
contacts and the channels. The access region thickness is  
190 nm, same as in the slits. Based on the earlier work, these 
resistances are approximately 11 k [14]. The polysilicon 
resistances, order of 2 to 3 k, are determined by the poly-Si 
sheet resistance Rs,poly=220  and the poly-Si line length-to-
width ratios, which are of the order of 10, if the line 
narrowings are taken into account. 

TABLE I.   
PASSIVE ELEMENTS ASSOCIATED WITH DIFFERENT REGIONS OF THE INVERTER 

Element Unit Specification 

area below 
7nm gate 
oxide on 

sidewalls of 
slit (m2) 

area below 
100nm gate 
oxide on top 
of slit (m2) 

area above 
400nm BOX 
(m2) or L/W 

of poly-Si 
resistors 

(Rs=220 ) 

oxide 
thickness 

(m) or 
sheet 

resistance 
() 

C (F) or 
R () 

Cpoly_sub_in F capacitance: poly-Si at inverter input / substrate   1.5210-9 4.010-7 1.3110-13 

Rpoly_n  serial resistance: input / gate of NMOS transistor   8.0 220 1.76103 

Rpoly_p1  serial resistance: input / gate of PMOS1 transistor   8.0 220 1.76103 

Rpoly_p1_p2  serial resistance: PMOS1 gate / PMOS2 gate    13.5 220 2.97103 

Cpoly_sub_p1 F capacitance: poly-Si of PMOS1 gate / substrate   4.6610-10 4.010-7 4.0210-14 

Cpoly_sub_p2 F capacitance: poly-Si of PMOS2 gate / substrate   4.6610-10 4.010-7 4.0210-14 

Rs_n  serial resistance of source of NMOS transistor     1.10104 

Rd_n  serial resistance of drain of NMOS transistor     1.10104 

Rs_p1  serial resistance of source of PMOS1 transistor     1.10104 

Rd_p1  serial resistance of drain of PMOS1 transistor     1.10104 

Rs_p2  serial resistance of source of PMOS2 transistor     1.10104 

Rd_p2  serial resistance of drain of PMOS2 transistor     1.10104 

Cg_chan_n F capacitance: NMOS gate / channel 5.9710-13 5.1510-13   3.1210-15 

Cchan_sub_n F capacitance: NMOS channel / substrate   5.1510-13 4.010-7 4.4410-17 

Cd_sub_n F capacitance: NMOS drain / substrate   2.3810-10 4.010-7 2.0510-14 

Cg_chan_p1 F capacitance: PMOS1 gate / channel 5.9710-13 5.1510-13   3.1210-15 

Cchan_sub_p1 F capacitance: PMOS1 channel / substrate   5.1510-13 4.010-7 4.4410-17 

Cd_sub_p1 F capacitance: PMOS1 drain / substrate   2.3810-10 4.010-7 2.0510-14 

Cg_chan_p2 F capacitance: PMOS2 gate / channel 5.9710-13 5.1510-13   3.1210-15 

Cchan_sub_p2 F capacitance: PMOS2 channel / substrate   5.1510-13 4.010-7 4.4410-17 

Cd_sub_p2 F capacitance: PMOS2 drain / substrate   2.3810-10 4.010-7 2.0510-14 

Cmet_sub_out F capacitance: metal at the output / substrate   2.6410-9 7.810-7 1.1710-13 
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VI. ESTIMATION OF PROPAGATION TIMES AND 

OSCILLATION FREQUENCY OF THE RING OSCILLATOR 

The inverter propagation times can be estimated based on 
an equivalent circuit representing the inverter, and taking 
account its dominant parasitic elements. This circuit, drawn  
based on the diagram in Fig. 16, is shown in Fig. 17. 

The rise and fall propagation times may be determined 
using the Elmore method presented in [16]. The rise time 
corresponds to the state where the p-type transistors are open 

and the capacitances at the inverter output are charged by the 
voltage source VDD. It is illustrated by the equivalent circuit in 
Fig. 18. Analogously, the fall time corresponds to the state 
where the n-type transistor is open and the capacitances at the 
inverter output are discharged. It is illustrated by the 
equivalent circuit in Fig. 19. Rchan_n/p1/p2 denote the resistances 
of the n-, pVeSFET open channels. Cload is the total 
capacitance originating from the next stage input. These 
parameters are defined by (2), (3). 

 
Fig. 17. An equivalent circuit of a single VeSTIC inverter including the parasitic passive devices; the gate-channel capacitances in the transistors are not directly marked. 

 
Fig. 18. An equivalent circuit of a single VeSTIC inverter for estimation of 
rise time tr. 

The formula (2) results from a very simple model of the 
MOSFET I-V characteristics in the saturation range. The n- 
and pVeSFET transconductance factors n, p were 
determined based on the I-V measurements: n 410-5 A/V2, 
p 310-5 A/V2. 

Rchan_n/p1/p2  VDD/ID_n/p1/p21/(n/p/2VDD) (2) 

Cload = Cpoly_sub_in + Cpoly_sub_p1 +Cpoly_sub_p2 + 

 + Cg_chan_p1 +Cg_chan_p2 + Cg_chan_n  (3) 

 
Fig. 19. An equivalent circuit of a single VeSTIC inverter for estimation of 
fall time tf. 

With these parameters, and following [15] the tr, tf times may 
be calculated as RC-constants of networks in Figs. 18, 19 
accordingly. The estimated inverter propagation times and 
calculated and measured oscillation frequencies are listed in 
Table II. 

TABLE II.   
RING OSCILLATOR PARAMETERS 

Parameter Unit VDD=3 V  VDD=5 V 

Rchanp1  2.222104 1.333104 

Rchanp2  2.222104 1.333104 

tr s 8.82310-9 7.05010-9 

Rchann  1.667104 1.000E104 

tf s 1.54310-8 1.27710-8 

fosc Hz 7.780105 9.520105 

fosc meas (Fig.5) Hz 8.000105 1.100106 
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It may be stated, that the the estimated oscillation frequencies 
remain in a relatively close agreement with the measured 
values. However, the VDD voltage effect on these parameters is 
in theory weaker than as measured. However, it should be 
noted that the calculations shown above are based on a very 
simple model. We have not taken into account the parasitic 
elements associated with the buffer block. Also the method of 
the VeSFET channel resistance calculation is very simple as 
compared e.g. with [4]. 

VII. CHARACTERISTICS OF THE RING OSCILLATOR  
IN "IDEAL" VESTIC PROCESS 

In this section the RO oscillation frequency will be 
estimated for a hypothetical process, which allows for 
manufacturing of the VeSFETs shown in Fig. 2 in the work 
[4]. It will be assumed, that the characteristic radius of the 
process is 500 nm (same as in Fig. 1). The Si film and gate 
oxide thicknesses, Si doping, poly-Si sheet resistance are also 
the same as in the real process. The poly-Si and metallization 
lines do not overlap. A layout of the inverters used for 
estimation of the parasitic elements is shown in Fig. 20.  

 
Fig. 20. A layout of the RO stages approximating the quasi-ideal design. 

The updated parasitic elements, which affect the tr, tf, fosc 
parameters according to Figs. 18, 19, are listed in Table III. 
The calculated RO parameters are listed in Table IV. It is 
clearly visible, that thanks to radical decrease of the size of the 
RO elements and the connecting lines, the oscillation 
frequency has been improved by a factor of 60. 

VIII. SUMMARY 

A study on a characterization of the logic integrated 
circuits designed and fabricated in ITE using the CMOS 
VeSTIC process has been presented. This technology, which 
has been described in detail, is more challenging than any 
other ones developed in ITE. It allows for manufacturing 
integrated circuits witt the lowest critical dimension. The 
VeSFETs, operating correctly, with the channel widths even 
below 50 nm have been manufactured. However the 
measurement results have revealed several shortcomings of 
this technology in its current state. Firstly, due to the non-ideal 
 

TABLE III.   
RING OSCILLATOR PARAMETERS IN THE QUASI-IDEAL CASE 

Element 

area above 
400nm 

BOX (m2) 
or L/W of 

poly-Si 
resistors 

(Rs=220 )

C (F) or
R () 

Cpoly_sub_in 5.010-12 4.3110-16

Cpoly_sub_p1 3.010-12 2.5910-16

Cpoly_sub_p2 3.010-12 2.5910-16

Rs_n, Rd_n, Rs_p1, Rd_p1, Rs_p2, Rd_p2 1.75103

Cg_chan_n 3.1210-15

Cchan_sub_n 5.1510-13 4.4410-17

Cd_sub_n 1.010-12 8.6310-17

Cg_chan_p1 3.1210-15

Cchan_sub_p1 5.1510-13 4.4410-17

Cd_sub_p1 1.010-12 8.6310-17

Cg_chan_p2 3.1210-15

Cchan_sub_p2 5.1510-13 4.4410-17

Cd_sub_p2 1.010-12 8.6310-17

Cmet_sub_out 1.510-11 6.6410-16

TABLE IV.   
RING OSCILLATOR PARAMETERS IN THE QUASI-IDEAL CASE 

Parameter Unit VDD=3 V  VDD=5 V 

tr s 1.44610-10 9.46210-11 

tf s 2.26710-10 1.51810-10 

fosc Hz 5.082107 7.658107 

 

VeSFET channel control, the logic gates exhibit a significant 
DC power consumption, which is demonstrated by the not full 
transition of the gate outputs between the low and high levels. 
Secondly, the process suffers from significant variability of 
the device characteristics. This variability is mainly due to the 
inacurracies in the photolithography and patterning steps, 
resulting from the limitations of the process equipment (e.g. 
too poor resolution of the photoresist development). This has 
led to the too large variability of the channel size in the 
VeSFETs. While the slit width must be strictly correlated with 
the slit doping for the proper operation of the VeSFETs, the 
variability is of particular importance for the VeSTIC circuits 
design and yield. Finally, due to the large parasitic 
capacitances and resistances introduced implicitly by the logic 
cell design, the circuits under consideration exhibit a slow 
transient operation. Therefore the oscillation frequency of the 
RO is very low. These large parasitic capacitances have been 
introduced by the conservative design methodology, which 
has been used in order to ensure a reliable DC operation of the 
circuits. 

In order analyze the ring oscillator measurement 
characteristics, a simple model of the inverter fabricated in 
ITE has been proposed. The model takes into account the 
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parasitic capacitances and resistances induced by the device 
topography. A satisfactory agreement between the 
experimental and calculated data has been obtained. The 
analysis has shown, that wide polysilicon and metallization 
lines are responsible for the inverter/ring oscillator behaviour 
in the time domain.  
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