
Supplementary Material for

Organic and Amorphous-Metal-Oxide
Flexible Analogue Electronics

by

Vincenzo Pecunia
Soochow University, China

Marco Fattori
Eindhoven University of Technology

Sahel Abdinia
Eindhoven University of Technology

Henning Sirringhaus
University of Cambridge

Eugenio Cantatore
Eindhoven University of Technology

Part of

Elements of Flexible and Large-Area Electronics
edited by
Ravinder Dahiya
University of Glasgow
Luigi Occhipinti
University of Cambridge

ISBNs: 9781108458191 (PB) 9781108559034 (OC)

Information on this title: www.cambridge.org/9781108458191

DOI: 10.1017/9781108559034



SI 1 Impact of contact resistance on transconductance

Here we present the derivation of Equations (2.12–2.13), which
provide a basic model for the impact of contact resistance on
transconductance in a TFT.
The starting point is Equation (2.6), which we report here for the

reader’s convenience:

IDS;sat ffi 1
2þ γ

μCI
W
L

VGS � IDS;sat ∙ Rc � VT
� �2þγ

1þ λVDSð Þ:

It is useful to define here the parameter

K ∶¼ μCI
W
L

1þ λVDSð Þ;

which allows us to rewrite the drain current in saturation as

IDS;sat ¼ 1
2þ γ

∙ K ∙ VGS � IDS;sat ∙ Rc � VT
� �2þγ

: (SI1)

Differentiating Equation (SI1) and arranging the terms in
∂IDS;sat=∂VGS on the left-hand side leads to:

∂IDS;sat
∂VGS

∙ 1þ K ∙ VGS � IDS;sat ∙ Rc � VT
� �1þγ

∙ Rc

� �
¼ K ∙ VGS � IDS;sat ∙ Rc � VT

� �1þγ
:

From Equation (SI1) also follows that:

K ∙ VGS � IDS;sat ∙ Rc � VT
� �1þγ

¼ 2þ γð Þ ∙ IDS;sat
VGS � IDS;sat ∙ Rc � VT
� � :

Therefore, we have:
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∂IDS;sat
∂VGS

∙ 1þ 2þ γð Þ ∙ IDS;sat
VGS � IDS;sat ∙ Rc � VT
� � ∙ Rc

 !

¼ 2þ γð Þ ∙ IDS;sat
VGS � IDS;sat ∙ Rc � VT
� � :

By rearranging the equation above, we obtain:

∂IDS;sat
∂VGS

∙ VGS � IDS;sat ∙ Rc � VT
� �þ 2þ γð Þ ∙ IDS;sat ∙ Rc

� �
¼ 2þ γð Þ ∙ IDS;sat (SI2)

∂IDS;sat
∂VGS

∙ VGS � VTð Þ þ 1þ γð Þ ∙ IDS;sat ∙ Rc

� �
¼ 2þ γð Þ ∙ IDS;sat:

Directly from the definition of transconductance, this leads to
Equation (2.12)

gm ¼ 2þ γð Þ ∙ IDS;sat
VGS � VT þ 1þ γð Þ ∙ IDS;sat ∙ Rc

:

As for Equation (2.13), it can be directly derived from Equation
(2.6) (Equation (SI1)) and Equation (2.12) (Equation (SI2)). From
Equation (SI1) follows that:

1
K

� � 1
2þγ

2þ γð Þ ∙ IDS;sat
� � 1

2þγ ¼ VGS � IDS;sat ∙ Rc � VT
� �

: (SI3)

Plugging in Equation (SI3) into Equation (SI2), we obtain:

gm ∙
1
K

� � 1
2þγ

2þ γð Þ ∙ IDS;sat
� � 1

2þγ þ 2þ γð Þ ∙ IDS;sat ∙ Rc

 !

¼ 2þ γð Þ ∙ IDS;sat:

We can rewrite this equation as
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gm ∙
1
K

� � 1
2þγ

∙ 2þ γð Þ ∙ IDS;sat
� � 1

2þγ
∙

1þ 2þ γð Þ ∙ IDS;sat ∙ Rc

1
K

� � 1
2þγ ∙ 2þ γð Þ ∙ IDS;sat

� � 1
2þγ

0
B@

1
CA ¼ 2þ γð Þ ∙ IDS;sat;

from which

gm ∙ 1þ 2þ γð Þ ∙ IDS;sat ∙ Rc

1
K

� � 1
2þγ ∙ 2þ γð Þ ∙ IDS;sat

� � 1
2þγ

0
B@

1
CA

¼ 2þ γð Þ ∙ IDS;sat
1
K

� � 1
2þγ ∙ 2þ γð Þ ∙ IDS;sat

� � 1
2þγ

or

gm ∙ 1þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K ∙½ 2þ γð Þ ∙ IDS;sat�1þγð2þ γÞ

q
∙ Rc

� �

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K ∙ ½ 2þ γð Þ ∙ IDS;sat�1þγð2þ γÞ

q
: (SI4)

We now return to Equation (2.11), which gives the transconduc-
tance with zero contact resistance, gm0, for a given current IDS;sat .
Under the hypothesis of negligible channel-length modulation,
Equation (2.11) can be conveniently rewritten as:

gm0 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
W

L ∙ μ ∙ CI ∙ ½ 2þ γð Þ ∙ IDS;sat�1þγð2þ γÞ
q

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K ∙ ½ 2þ γð Þ ∙ IDS;sat�1þγð2þ γÞ

q
: (SI5)

Comparing Equations (SI4) and (SI5), we obtain

gm ∙ 1þ gm0 ∙ Rcð Þ ¼ gm0;

which is equivalent to Equation (2.13).
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