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Abstract: The devices based on electrically erasable programmable read-only memory (EEPROM) structure

are proposed for the detection of external electric charges. A large size charge contact window (CCW)

extended from the floating gate is employed to immobilize external charges, and a control gate with

stacked metal-insulator-metal (MIM) capacitor is adapted for a standard single polysilicon CMOS process.
When positive voltage is applied to the capacitor of CCW of an n-channel EEPROM, the drain current

increases due to the negative shift of

its threshold voltage. Also when a pre-charged external capacitor

is directly connected to the floating gate metal of CCW, the positive charges of the external capacitor

make the drain current increase for n-channel, whereas the negative charges cause it to decrease. For an

p-channel, however, the opposite behaviors are observed by the external voltage and charges. With the
attachment of external charges to the CCW of EEPROM inverter, the characteristic inverter voltage

behavior shifts from the reference curve dependent on external charge polarity.

Therefore, we have

demonstrated that the EEPROM inverter is capable of detecting external immobilized charges on the

floating gate. and these devices are applicable to sensing the pH’s or biomolecular reactions.
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Fig. 2. Schematic side-view of the device.
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Fig. 3. Transfer curves at various FG voltages: (a) NMOS:
W/L= 1.4 ym/0.13 pm, (b) PMOS: W/L= 1.4 ym/0.3 pm.
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Fig. 4. Transfer characteristics of (a) NMOS, and (b)
PMOS at various applied FG charges.
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Fig. 5. Inverter input-output curve by immobilized external
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Fo Asrk ke A9 AvEe 2 F3 A
ol +01 V AR Frhshvl el Astel A9ole
01 VI gasts A2 % 5 Ak o A <
HEE BMd Ei DNAEY W dAss A4A
ASFAA R ALt Hw @] ARE(Y 33 4)
A Hspol Astel s = AR WIE 7
Ak Ants 41 B AGoR HAY 5 9
o 71 #Ewsk o thshAth wep MM CG Y
wholl 200 HZ—J “l"7]a Zkal 0 Vel 2 V7kA] et

1o rr o
=
(1
S
3
r_E
ot T
ols

012174] =]
= PMOS
xq 01-_9. 57]_
FolxA Ao =
= %o] 160 msel

[e) =
=l =
wastda Fds 4 Al 198 ms®

iy

3.4 FGOIl ™st nd st

ow: FGol A3t& 34387
A ANAHE DA £

XlUJ A 2A9 588 FGl A

o 1 dete] % 4 WS A

Hen g8 5 g

FGol m7gstetr] 9% A=g sharh

r>J H

=

AE Tt 5 609
12
00 (-) Charge
E oo reference
© A o0 (+) Charge
o > —_— Veg
£ (B) Half_v
5 Voo
S l— e i b PR
5 i, {C)
o
=
0 !
0 250 500
Time [ms]

Fig. 6. Inverter output characteristics when an input ac
signal is engaged on the CG.

CCW+=
aA o =45 145t
cich
2
1 Normal
(Aldrich) &
Jfa® EHS
th Ao Ale ot =9 AF
SAM A 2l& 3stA &2 ARl vl 1 ®3
akA] Fath SAM A @ Fwol
98l AlE= 1 Normal =2 <
= Azt = oA A
3 P‘Riﬁur 3 A M e ofF E*
% . gEUYolr]= SAM A€

H71E WA wo %o wstrt ?El
= 71EHERMUJ SAM A& F&=7F v
E]_]_—%O] -
ujx] %] T3 A

$ahe she

of\i
=51
ra
o

bt
o
>
5
@
=
&
(o]
+
e
o
9]
el
QJ
o
o)
o]
o
=]
=8
o
o
Q.
a

of 1243k ARE B2 ¥ AL, da
!

o o 42 off

Jlm ol

E A

o ton 3

%] 3]

ol
o
s
_|_,

m Hj
L

g
oy rzi

B m =
PH 2
o led Iy il

=2
N B Y m M o oY ox O
1o ot 2 N oox ooy XN rlo @

)
=

3 ox o o rlr

R

2

o

o

|
o
B ow e

Tl
>~

>

ofo

ok

22 o o 2 ok gl P
M
lo
ox
__NI_“‘
o o
i
1o,

2
-
1,
32
)
2
e
e
L
2
B
C 2
rits}
-1
2 & (o
e 2

T S Hol At
Q77§ "ash

14 3}st= 7]

=2
=
o
Al

4. & E

EEPROM 2:7}8] -7 o] E(F
gl wstehs 917
Gl

&2
S



610 J. KIEEME, Vol. 23, No. 8, pp. 605-610, August 2010: D.-K. Lee et al.

Aok ALE 24 A4S Ed FG
qFAY QoA HitsE 1A

of Hsk& 7h s}
Wsts SA4sAY. FGel 9
=

EEPROM®|] 54

[
el
tlo

-0,

N
NS
P‘l',
&

o

. 2
X )
o,

[m
=2,
lo
ot

Iyl
o)
ro

o rE

N m[
=)
e
PL
32
u)
=
1)

CGel BEAte 7

2

2

ol
ol
rir
oY
ot
ftlo
o
8
N
o
o,
o
I
i
o
ol A
N
b
3(_5

)
R
2
o
n
=)
—

N
)
2«

ol
ol
e e
s,
o
12
4y de
e
30 2
v
jins
SR
aY)
2 1
2o o ANl jo 2

S g b P
P‘L

o B
RN
B b
o, ~
o 1o
_—
U\l '(Ff_l' H
1; ot
92
o 2
32
e
z

al
}Sich o] 24 EEPROM T%& o] 4%
FGoll A&7 435 +a

Sorff =0 (R ody < o ol Mmook omy me o B Il lo o
~
ol

M 2 2o ooy

2 ol
>
rlr

graede Agor ENT 5 Jee WG
FF wNg BAS nASEE YARG AN A
$3 5+ Aee ARG

REFERENCES

[1] M. Barbaro, A. Bonfigio, and L. Raffo, /JEEE Trans.
Elect. Dev. 53, 158 (2006).

[2] L. Abbati, P. Placidi, A. Scorzoni, and M. Lanzoni,
Znd [EEE International Workshop on Advances in
Sensors and Interfaices (IWASI 2007) (IEEE, Bari,
Ttaly, 2007) p. 1.

[3] K-Y. Na and Y. S. Kim, /EEE Electron. Device Lett.
27, 291 (2006).

[4] B. Chen, C. Tao, S. William, and S. Pandey, Proc.
IEEE Int. Conft on Electro/Information Technology
(EIT 2008) (IEEE, Ames, USA) p. 300.

[5] Y. Cui, Q. Wei, H. Park, and C.M. Lieber, Science
293, 1289 (2001).

[6] E. Stern, J. F. Klemic, D. A. Routenberg, P. N.
Wyrembak, D. B. Turner-Evans, A. D. Hamilton, D.
A. LaVan, T. M. Fahmy, and S. A. Reed, Nature
445, 519 (2007).

[7] Z. Cui, M. Choi, Y. Kim, H. Lee, K. Kim, and N.
Kim, Electron. Lett. 45, 185 (2009).



