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Abstract

The innovative field of printed sensor with a demand for high accuracy, sensitivity and durability
has enabled a wide application area in sensing, healthcare etc. A large-area printed sensor system
on a flexible foil substrate emplying p-type organic field-effect transistors (OFETs) is presented.
Thereby, the OFET is fabricated through a hybrid manufacturing process, including
photolithographically structured source- and drain-electrodes, ink-jet printed organic
semiconductor, and spin-coated dielectric. Moreover, a dedicated device model, derived from the
variable range hopping model, is developed and integrated together with process related design
rules, materials properties and geometric information into a comprehensive process design kit
(FH_OPDK). The FH_OPDK is integrated in a commercial electronic design automation tool and
is used to design and perform post-layout simulations on logic gates, such as INV, NAND?2, and
NOR?2 as well as circuitry such as ring oscillators and a 4 x 16 digital decoder. Several circuit
topologies have been tested and evaluated in a detailed model-hardware correlation analysis.
Finally we have optimized logic gates and the decoder in a PMOS only, pseudo CMOS design style.
To demonstrate the feasibility of the full sensor system in hardware a 16 x 16 active matrix
pressure sensor on a flexible substrate integrated with a 4 x 16 binary decoder was fabricated and
tested. We have integrated our flexible hybrid sensor system with a PCB board and a
microcontroller to demonstrate the hardware readout platform capable of detecting the weight of
objects and visualizing a digital map of applied forces.

1. Introduction

Printed organic electronics has been an active
research field for decades now [1-3], but still poses
many challenges concerning materials, fabrication
and circuit design to scientists worldwide [4, 5]. At
the same time many attractive opportunities in flex-
ible sensing [6], medical wearables or diagnostics [7]
and IoT-applications [8] arise but are not yet real-
ized due to multiple scientific challenges on material,
device and circuit level. Besides the constant quest
for better, high-performance materials and reliable

© 2024 The Author(s). Published by IOP Publishing Ltd

printing technologies also circuit primitives, accur-
ate models and hardware verified macrocells/circuit
blocks are highly needed for real world applications
and hybrid systems. In addition, a reliable material
stack with precise process control and modest vari-
ations during all fabrication steps (lithography and
solution processable techniques) is a pre-requisite for
further efforts such as the development of so-called
process design kits (PDKs). These software kits can
map all technology relevant information and verified
designs of circuit primitives together with a physical
layout into an electronic design system.
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Figure 1. The transition of hybrid electronics from a separated printed active-matrix sensor and delocalized bulky Si-electronics
to printed thin film electronics including a printed 4 X 16 binary decoder on flexible substrates. In future, all logic components
could be integrated with printed TFTs and a flexible thinned silicon chip in foil.

A wide range of application possibilities such as
large area sensing [9], artificial skin [10], on-body
wearables [11] are engineered due to material devel-
opments in the field of organic material engineer-
ing such as structural flexibility, ability to be prin-
ted on various substrate (plastic, paper etc), low
cost and large coverage area. Large area sensing plat-
forms based on organic field effect transistor (OFET)
sensors have shown high sensitivity and competit-
ive performance [12, 13], demonstrating the poten-
tial to be used in medical [14, 15], Al application
[16], photovoltaics [17], etc. An underlying limita-
tion observed during comprehensive literature review
is the constrain on the density of the transistor for
logic and computing circuit [18]. Even though prin-
ted sensors have carved a niche in the field of large
area sensing as can be seen in [19, 20] the periphery
circuit still needs to be developed to realise a system
on chip printed on a flexible substrate and reduce the
strain on interfacing output lines (figure 1). Huge per-
formance variations, due to the printing process also
makes it difficult to predict the circuit performance.
This issue can be resolved by modelling the beha-
viour and variation of the transistor in an appropriate
device model and further integrated in an electronic
design automation (EDA) tool to create a design flow
for designing complex printed electronic circuits.

Significant progress has been made in developing
PDKs for printed electronics [21-26]. As an example,
the organic PDK (OPDK) [21] is a design flows
based on ion gel gated organic transistor. Until now,
the available PDK, for printed electronics, have suc-
cessfully integrated various device models to allow
for circuit designs based on transistor, resistors and
capacitors. Table 1 provides an overview of the PDK
specific to organic hybrid printed transistors. Apart
from designing the circuit at schematic level and
verifying the design concept using simulation, the
design kit is equipped with display resources and layer
stack information to create the circuit layout. As the
design tool have been adopted from silicon-based

electronics, circuit designers in printed electronics
still need to do a lot of manual tasks such as dielec-
tric placement, routing, among others. Another chal-
lenge that circuits designers face is the estimation
of parasitic effects due to various fabrication tech-
niques. This issue can be mitigated by integrating
the material and parasitic information for each layer
in the PDK. Also, within printed electronics, circuits
based on only a monotype transistor is well known
[27-29]. To implement logic gates, various topologies
are available to compensate for the complementary
behaviour. The design layout and synthesis tools used
for silicon electronics needs to be adapted for design
topologies created using single monotype transistor.
To further support the designer in complex circuit
design, a reusable standard cell library based on the
most optimal topology for the technology can further
save time and efforts. The standard cell library is not
available in case of printed electronics based PDXK till
yet [21-25, 27]. Even though progress has been made
with the available PDKs, improvements such as accur-
ate mathematical model containing capacitance and
variation information, parasitic information, stand-
ard cell blocks etc. can be made to add enhanced
functionalities, which are better suited for printed
electronics. Until now, the PDKs are integrated into
silicon-technology-supported EDA tools as the basic
functionalities are similar to the ones of state-of-the-
art silicon technology. But features such as comple-
mentary mask generation, automatic routing, need to
be adapted according to the requirements in printed
electronics.

In this regard, a PDK is created based on a OFET
technology discussed in a following subsection. Based
on a solution compatible process, a p-type OFET is
fabricated and characterized. The fabricated OFET
is modelled to be used in simulations and circuit
design flows based on the OFET. Furthermore, the
model is integrated together with layout information,
design rules, and film properties into a PDK, which
is named as FH-OPDK, here. The FH-OPDK is then
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Table 1. Comparison between presented FH-OPDK and other organic PDK available in the market.

FH_OPDK of Minnesota [21]

Process design kit
OPDK, University for flexible hybrid

Fully-additive
printed
electronics [24]

OPDK, Nguyen

electronic [27] etal [25]

Pcell for v’ v
transistor, resistor,

capacitor

Schematic editing v v
support

Automatic v X
grid-snapping

tailored to the

substrate

Automatic v/ X
generation and

deletion of

di-electric and

mirrored metal

Implementation v v
of various circuit

topologies

Reusable standard v/ X
cells based on

multiple circuit

topologies for

complex circuit

design

Parasitic v v
extraction

information

Model hardware v X
correlation with
focus on variation
Post-layout
simulation

High complexity
1P acheived

v v

8 x 8 DRAM
array [22]

16 x 16 pressure
sensor matrix,
with two 4-16
binary decoder

andal6 x 1
multiplexer

v v v

v v v

X X X

v v v
D flip-flop, 4-bit DAC [24]
shift register,
amplifier [27]

6-bit organic fully
differential
SAR ADC [25]

integrated in Cadence as a part of the front-to-end
design flow. The front-to-end design flow is custom-
ized specially for the hybrid printed technology. The
assistive layout features such as automatic grid snap-
ping, connectivity-driven layout feature, and auto-
matic layer generation toolbar helps circuit design-
ers to design complex circuits and is largely miss-
ing in state-of-the-art PDKs developed for printed
electronic [21-25].

To justify applicability of the FH-OPDK, a sensor
system is designed with the help of the FH-OPDK.
Apart from the sensor matrix, electronic circuits,
such as decoders and multiplexers are printed on
the same substrate to support first-level computa-
tion. Thereby, the wiring complexity between silicon
electronic components and printed electronic com-
ponents is reduced by a factor of 4. Further progress
in this direction can enable a fully printed system,

where the sensors and the read-out electronics are
printed on the same substrate. The research presented
in the paper is a step forward toward developing an
integrated system on a flexible substrate using organic
hybrid printed technology.

2. Materials and experimental methods

The FH-OPDK is primarily based on an organic
field effect transistor. The organic thin film p-type
channel transistor is realized as a top gate bot-
tom contact architecture. The materials used for the
organic semiconductor (XPRD01B06) and dielectric
(XDRD41L01) are proprietary materials of BASFE. The
fabrication process combines different low temperat-
ure techniques such as PVD, Photolithography and
ink-jet printing to form the OFET on the employed
PEN-substrates. For the FH-OPDK a mix of printing
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Figure 2. (a) Layer diagram of the top gate bottom contact organic p-channel transistor, (b) transfer characteristic and (c) output
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and non-printing techniques was chosen to establish
a solid baseline of the envisioned technology. In par-
allel, technology variants were developed where select
processing steps were exchanged for others bearing
the potential for roll-to-roll processing (e.g. gravure
printing and inkjet instead of photolithography for
the electrodes).

First, source and drain gold contacts (~50 nm)
are evaporated and lithographically structured on
the flexible Substrate. Then, the semiconductor
material (~30 nm) and standard dielectric mater-
ial (~780 nm) are deposited from solution through
inkjet printing and spin coating, respectively. Finally,
the top gate layer is deposited using PVD and
Photolithography. The fabricated OFETs shows high
yield and stable electric performance at mobility val-
ues up to 0.3 cm? Vs~! as well as threshold voltages
(Vth) ~2V + V.

2.1. Transistor characterisation

The OFET devices exhibit stable electrical charac-
teristics, as can be observed from figures 2(b) and
(c). The Vgs—Igs characteristics (transfer curves)
show that the p-type transistor is operating in
enhancement mode as the device is completely
switched off at Vgs = 0 V. The voltage operat-
ing range is between —30 V and 5 V. The field-
effect mobility is measured to be 0.359 cm? Vs~!
and the threshold voltage is between —3 V and 1 V.
These key parameters are the mean value over 705
OFETs.

3. Modelling

In order to design applications based on the intro-
duced OFET technology, it is crucial to have a reli-
able transistor model that can mimic the electrical
characteristics of the OFETs. Moreover, it is import-
ant that the model is compatible with state-of-the-
art EDA tools. For that reason, the presented model
is implemented in Verilog-A and integrated into the
FH-OPDK that contains all the technology relev-
ant information. However, the transistor model itself
consists of a DC and a capacitance model. The capa-
citance model describes the parasitic capacitances at
the drain- and source-terminals and allows for tran-
sient simulations.

First, the DC drain-source current (I4) of the
presented OFET is modelled through a derivative of
the variable-range-hopping model presented in [28]:

Ins = fg (F(Vin = ve)™
—F(Vin — VGD)Z—PY) — Lot

Where 3 is the transconductance parameter, 7 is
the power law parameter, I is the off-current, Vy, is
the threshold voltage, Vs is the gate-source voltage,
and Vgp is the gate-drain voltage. Furthermore, the
function F is defined as:

_ log (e5+1)

F(x,S) =

i

(927 Ll IRONE
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Figure 3. H-integral function of the transfer curve at a
maximum drain-source voltage (—30 V) to extract the
power law parameter and the threshold voltage.

where x is the variable representing Vs or Vgp.
Following the approach in [27], most of the para-
meters are extracted through the H-integral function
(figure 3):

g% Ins (V)dV
H(Vgs) = OIDSW

By extrapolating the linear part of the H-
integral function and approximation of the lin-
ear part, the slope m of the approximation is
defined as:

1
m=_—-.
2+

Thereby, the power-law parameter is extracted,
through the slope(m) of the linear part. In addi-
tion, the intercept with the x-axis yields the threshold
voltage. Further details on the parameter extraction
routine with the help of the H-integral function can
be found in literature [29]. After extracting these
empirical parameters, it is recommended to optim-
ize the extracted parameters through an optimiz-
ation algorithm, such as the Levenberg—Marquardt
algorithm [30].

The presented model is semi empirical, since
physical parameters such as the channel width (W),
channel length(L), gate-capacitance (C,), and the
field-effect mobility (fi.f) are included to estimate the
transconductance parameter (3):

B = va Cfheft-

In figure 4 the measured and simulated curves for
a OFET with a W/L-ratio of 1000 ;m/100 pm are
shown. A great agreement between the measured and
simulated curves are observable.

Second, with the help of a Mayer-capacitance-
like model, the overlap capacitances of the OFETs are
described as follows:

P Gupta et al
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Figure 4. Comparison between measurement and
simulation of a OFET with a W/L ratio of 1000 xm/100 pm
at various drain-source voltage values. The doted blue
curve is the measurement while the red solid line is the
simulation.
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The details of the model can be found in [31]. By
combining the presented DC model with the capacit-
ance model, it is possible to simulate the DC and tran-
sient behaviour of circuits.
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3.1. Implementation in industrial EDA tool

The presented FH-OPDK is a design library, con-
taining the discussed OFET technology, mirror-
ing the fabrication process. The library includes
the architecture of the OFET, the design rules,
as well as the device model. Each layer is spe-
cified by its dimension and boundary conditions
so that transistor layer architecture is replicated
by a digital twin. The FH-OPDK integrated in an
EDA tool makes it possible to establish front-to-
back design flow in printed electronics. The FH-
OPDK supports circuit designers in creating circuits
and optimizing them based on the presented OFET
technology.

The design flow is tailored specifically to meet
the challenges of printed electronics. In addition
to basic EDA features, assistive layout design, grid-
snapping, global optimisation, auto-layer genera-
tion, etc. are possible within the presented design
flow. With a hierarchical schematic editor, the cir-
cuit topology is designed without considering the lay-
out. The circuit designer has the freedom to evalu-
ate various design topologies. With each view from
schematic to layout, provide multiple interactive fea-
tures, making it a state-of-art design flow for printed
technology.
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The adherence to the defined dimension within
a particular layer and the inter-layer spacing is veri-
fied with the design rule check flow. The metal layer
design for source and drain fingers as well as for rout-
ing are laid out to avoid additional parasitic effects.
The p-cell for the resistor allows to select different
shapes, namely meander and block patterns. For each
pattern the effective resistance is calculated. Material
properties like the sheet resistance (resistor-200 £/[],
metal- 4 2/[]), dielectric constant (4.3) are included
as constant parameters.

4. Circuit design and standard cell
libraries

To demonstrated the efficacy of FH-OPDK, various
circuits are designed ranging from Inv, Nand, Nor to
decoder and multiplexer. As mentioned before, one of
the limitations within the presented transistor tech-
nology, is that only p-type transistors are available to
design circuits. For that reason different topologies
are evaluated to compensate for the lacking n-type
OFET [32-34], which are referred as 2-transistor and
4-transistor topology.

The circuits are characterized and the measured
data is used to perform a model-hardware correla-
tion as well as to assess the power performance of the
present technology

Each inverter has 5 independent contact pads for
the power supply (Vpp), connected to the source
of the pull-up OFET, the input (Vy), connected
to the gate of the pull-up OFET, supply voltage
(Vsup) for the totem-pole stage, connected to the
gate of the pull-down OFET, ground (Vss) connec-
ted to the drain of the pull-down OFET, and out-
put (Vour), connection between source and drain
of the two OFETs, as shown in figures 5(a) and (d).
The pulse input signal is applied using a Voltcraft
8202 function generator to the Vy node. The sup-
ply voltage and biasing voltage (Vgyp) are provided
by a Keithley 2602 source-meter to the Vpp and Vgyp
node, respectively. A passive probe with a 10 MQ
input resistance and 10.5 pF input capacitance is used
as the output load. The transient measurement is per-
formed, the input pulse and oscillating output are
recorded over time on a Yokogawa DL6104 digital
oscilloscope [35].

The inverter input pulse has two logic levels
i.e. logic ‘0’ is equal to the level of the source sup-
ply, and logic ‘1’ which is equal to the level of the
supply voltage. An important parameter of logic gates
is the propagation delay time which determines the
speed of a circuit and describes how long it takes for
an input signal to cause a change at the output signal.
The propagation delay is calculated by averaging the
rise and fall times, the time differences between the
input and its corresponding output period crosses the
50% level [36]:

P Gupta et al

trise_delay + tfall_delay
2 .

tdelay =

4.1. 2-Transistor topology

First, inverter structures designed with 2-Transistor
topology using two p-type OFETs connected in series
are evaluated. Thereby, the pull-up OFET is bigger in
size and is turned on, once the input is at the logic
‘0’ level. Moreover, the pull-down transistor is biased
with a voltage (Vsup) at the source supply as depic-
ted in figure 5(a). The Vgyp voltage is regime. When
the input is logic ‘0’ the pull-up OFET goes into sat-
uration and the output is pulled up to logic ‘1. On
the other hand, when the input is logic ‘1’ the pull-up
OFET is in the cutoff region enabling the pull-down
network and switching the output signal to logic ‘0’
The performance of the inverter is optimized through
the presented PDK. The inverter has a good switching
characteristic as shown in figure 5(b) with a measured
propagation delay per stage of 0.03 ms.

4.2. 4-Transistor topology

The 4-Transistor topology is more commonly known
as the pseudo-CMOS topology [32]. The pseudo-
CMOS topology is based on four OFET’s arranged as
shown in figure 5(d).

The OFETs T1 and T2 are known as the totem pole
stage. T1 is connected to the input and T2 is connec-
ted in a diode load configuration through a negative
VSUP voltage. For that reason, the OFET T2 always
operates in the saturation region. The output of this
stage is the input of T4. When the input is logic ‘0, T1
is in conductive state and the input to T4 is in logic ‘1,
which switches T4 to the cut-off region. T3 is in satur-
ation and the output is pulled-up to logic ‘1. On the
other hand, when the input is logic ‘15 T1 is in cut-
off and the input of T4 is pulled-down, turning T4
into the cut-off region. In addition, T3 is in the cut-
off region and T4 is in the saturation, pulling down
the signal to logic ‘0. With the presented circuit topo-
logy, the voltage level for logic ‘1’ is closer to Vpp.

Apart from Inverters, other standard digital gates
NAND- and NOR-gates are also designed and char-
acterised using the described measurement setup.
Similarly, other standard digital logic gates, namely
NAND- and NOR-gates are designed. The NAND-
and NOR- are based on the diode load configuration
with a level shifter stage. Thereby, the negative Vsyp
voltage controls the pulldown function. The schem-
atics for NAND- and NOR-gates are shown in figures
S1 and S2, in the supplementary information.

The topologies were modified in accordance to
simulation to improve the performance of the logic
gates. The respective circuit topologies were simu-
lated and the results were evaluated to optimize the
parameters. The power supply and input voltages
were selected based on the transistor characteristic
to ensure that the respective OFETs operate in the
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Figure 5. (a) Schematic and, (b) measured transient characteristics of 2-transistor inverter, (c) model-hardware correlation of
logic gates (Inverter, Nand, Nor) designed using 2-T topology based on calculated and simulated delay, (d) schematic and, (e)
measured transient characteristics of 4-transistor inverter, (f) model-hardware correlation of logic gates (Inverter, Nand, Nor)
designed using 4-T topology based on calculated and simulated delay.

cut-off and the saturation regions. To select the most
appropriate device geometry, a parameterized sweep
was performed on the channel width (W). The delay
analysis is presented in figures 5(c) and (f).

A tradeoff between the symmetry of the out-
put characteristics, the rail-to-rail behaviour, and the
gain of the inverter needs to be made. Depending on
the requirements, 2-transistor or 4-transistor topo-
logies need to be evaluated. The 4-transistor topo-
logy improves the rail-to-rail transistor but the higher
transistor count could lead to a lower yield, due to the
process variation.

5. Result and discussion

5.1. Model hardware correlation, ring oscillator
By comparing the 2 transistor topology with the 4-
transistor topology, it can be seen that the switching
behaviour and delay show significant improvements
within the 4-transistor topology due to the level shift-
ing stage. Due to the more accurate signal propaga-
tion, the circuit can be used to explore more complex
digital and combinational circuits.

Both topologies are further explored with the
help of a 5-stage ring oscillator. The ring oscillator

is designed by connecting an odd number of invert-
ers in series as shown in figure 6(a). The output
of the last inverter is connected to the input of the
first inverter to provide the feedback loop and cre-
ate a self-oscillating output. Here we designed with
the help of the PDK a five-stage ring oscillator. The
supply voltage of the ring oscillator is connected to
the Vpp pin of the respective inverters, the biasing
voltage for the pull-down OFET of each inverter is
applied to the Vgyp pin and the ground is connec-
ted to the common ground of the measurement setup.
The output frequency of the ring oscillator quanti-
fies the propagation delay of each inverter stage as
shown:

1

ty = m——
d 2xnxf

where ¢4 refers to propagation delay per stage, n refers
to the number of stages in ring-oscillator and f refers
to the frequency.

From figures 5(c) and (f) we observe that the
mean value of the delay for 4T topology is lower as
compared to the 2T topology. The variation is in
the 4T topology higher due to a higher transistor
count. From the ring oscillator measurements shown
in figure 6(c), we observe a similar behaviour for the
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Figure 6. (a) Schematic of ring oscillator and, (b) measured transient characteristics of ring oscillator based on 2-T and 4-T
inverter topology, (c) model-hardware correlation for single stage delay of ring oscillator based on different topologies.

performance. The 4T based rings are slightly faster
(Mean frequency = 12 KHz) as compared to the 2T
Transistor (Mean frequency = 10 KHz).

By extracting the propagation delay time of the
two circuit topologies, the speed of the circuits are
characterized. This could be required to avoid tim-
ing violations when circuits are designed. Moreover,
the 4-transistor topology shows a better rail to rail
behaviour with the output voltage showing almost
full swing.

To optimising the process of circuit design, the
standard cell library was created and characterised.
These cells can be used by circuit designer to create
complex circuits. Using these standard cells, a large
area sensing platform consisting of pressure sensor
based on an active matrix combined with decoder
and a multiplex for addressing the sensor sensel is
designed and demonstrated.

5.2.4-16 binary decoder

An address decoder is a combinational circuit used
for addressing the matrix elements It determines the
address location to be reported for further processing.
Using the input line, logic circuitry, enable output
lines, output driver lines, it identifies the location
in matrix from a predefined address range where
a pressure change is experienced. Within a sens-
ing matric, intersection of each row and column
represent a sensel. It constantly scans and eval-
uated each sensel of the matrices. For each row
and column, a unique address is assigned. When a
sensel is activates, the change is electrical state is
detected and the address is generated to determine
which sensel is selected. The data is further processed
to be able to map the information on a read-out
screen.

The 4-to-16-line binary decoder is designed using
a 4-transistor topology-based logic gate. The archi-
tecture includes 16 NAND gates with 4 inputs
each and 4 inverters as shown in figure 7(a).
The decoder is designed, optimised and layout
is implemented using the FH-OPDK within the
cadence EDA tool. The decoder is used to detect
the location of the sensory change in the mat-
rix by changing the read-out bits. The decoder
is optimized to operate at a supply voltage of
40 V.

5.3. Large area sensing platform
The large area sensing platform circuit consist of a
16 x 16 pressure sensor matrix with two 4-16 bin-
ary decoder and a 16 x 1 multiplexer as shown in
figure 8. Each individual sensel in the matrix consist
of a pressure sensor combined with an OFET. The 16
rows and 16 columns of this matrix is attached to a
respective decoder. These decoders are used for com-
municating the pressure distribution over the mat-
rix. Two 4-16 decoders are a part of the demonstrator
circuit for addressing the activated Sensel row and
column. The decoder is designed using an inverter
and a 4-input NAND gate as shown in the schematic
diagram (figure 7(a)). The decoders help to reduce
the number of interface wires to the silicon peri-
phery circuit. The sensel are addressed as binary input
and the data is delivered as an analogue stream using
a 16 x 1 multiplexer consisting of 16 single tran-
sistors. With an external output device, it is pos-
sible to resolve pressure level applied to the sensor
matrix.

When one sensel is active, the logic state is 0’
for that column and row output line. The output
is transmitted to the processing circuitry which is
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Figure 8. (a) Block diagram of sensing active matrix-based demonstrator with printed periphery circuit, (b) layout of the sensor
matrix and decoder (c) demonstration of active-matrix demonstrator to sense the pressure of a coffee mug.

connected to a screen to observe the output on the
screen.

The readout platform was an in house designed
system to connect and control the printed circuitry.
Due to limitations of printed organic electronics, it is

not possible to print the whole readout system yet. For
that reason, the readout system is based on traditional
electronic components. However, the readout system
is the driver for the flexible hybrid sensor system and
enables a connection to a computer.
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6. Conclusion

An organic hybrid printed technology is used to man-
ufacture a p-type field effect transistor on a flexible
substrate. The characterized data is used to create
an accurate device model. Using the model, a PDK
is developed for the presented transistor technology.
The PDK is integrated in an EAD tool to create a full
front-to-back circuit design flow. The design flow is
adapted to the requirement of the presented techno-
logy by incorporating features such as assistive layout
design, auto-layer generation for dielectric, etc. The
design flow is used to construct a re-usable standard
based on different circuit topologies cell library for
designing complex circuitry. The standard cell based
on digital logic gates is designed to understand the
performance in terms of delay and the effect of vari-
ation due to fabrication. The delay of 0.03 ms for 2T
topology and 0.02 ms for 4T topology establish itself
as a high-performing organic hybrid technology. The
PDK design flow is further used to design a 4-16
decoder. The large area sensor platform is achieved
by integrating 2 decoders with a 16 x 16 active mat-
rix and a single transistor per column connected as an
amplifier. The demonstrator using an external output
device can represent the spatial resolve pressure level
applied to the sensor matrix.

The printed periphery circuit with matrix on one
single substrate is a milestone achieved towards a fully
integrated printed system on a chip based on a flexible
substrate.
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