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640920026 : Major (ELECTRICAL AND COMPUTER ENGINEERING)
Keyword : wide range highly linear ISFET readout circuit

MISS Niramol SAYWAN : Design and development of readout circuits for ion -
sensitive field-effect transistor sensor. Thesis advisor : Assistant Professor Yutana Jewajinda,
Ph.D.

This thesis presents the design and development of a readout circuit for ISFET sensors,
aiming for a wide reference voltage range, high linearity, and low power consumption. The
ISFET sensor readout circuit consists of two main parts: the ISFET sensor circuit (pH range 4-10)
and the ISFET sensor readout circuit which includes Operational Transconductance Amplifier

(OTA) circuit and Current mirror circuit.

The design was simulated using LTspice software with 0.8ldm CMOS TMEC
technology. The ISFET sensor circuit uses NMOS transistors (Level 3), while the readout circuit
uses PMOS and NMOS transistors (Level 49) with a 500} resister, powered by £3.3 V DC
supply. From the performance test results show a wide reference voltage range of 0.6-3.1 V, high
lincarity (R’=0.9994) , sensitivity of 38.3 mV/pH for the range of 4-10 pH and power

consumption of only 34.42 AW
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9 Y Aa

{ I a S A @ £t
Taen G WUNITNNDTNNIVDINUNTLUIUMTHAALTAIAIL

:Lln Cax VVISF ET

L[SFE T
—_— (2.17)
ﬂn Cox WM 1

LMI




22

Voo 3V3

V_ Biasl

Reference 1%
Electrode D our
~. — NMOS
|l 8 V,,N.—| M,
Vrer I s [
-l-_ ISFET

51 2.20 29958 T3 AIS (Active ISFET Readout circuit)

19935 CIMP Alin1stdeunauinuinn Ulassasedsznoulddae

9
1 Y

a d a A J ll @ @ A g};
UDANIIUBTINDIBUAN (PMOS ) uazaaﬂuauﬂemaaz 1L AUNIUU Llﬁﬂ\?ﬂ\ﬁﬂ‘ﬂ 2.21 M
PMOS tag ISFET wihaniluudadunaydudi shliasesduseduy Vo 1 ianuiug

Y A

uita wazeeduenilfivhii lumsdoundy Tyaannvuasu ldivunnsrelunissase
v Y
Nuegnua pH ¥09a15aza1e Tasd s amIAINITZId [, LazUau V,,, U

A @ [ { o @ 1 a Y o {
aud ladeaunsn.18) waz(2.19) muaian wazlugrududu ladsaunisn (2.20) vag

9
S A =

(2.21) MUAIAY mawimumam CIMP Hideane Unseua 7. lunaiuaaisaay v,
DS DS

o

A A = Y v A o 1 [ Y dy ) Yo 2
PTANNIUDINNULINAU Vlslf’]ﬂW’E‘]ﬂWW‘LlﬂﬂHLi\‘iﬂu Vs T]Wiﬁ')\?%iuhlﬂhlﬂiﬂNﬁﬂi%‘ﬂﬂ%?ﬂﬂ@ﬂ

(Body effect) IN3 1AV, Y09 ISFET UAWNNY 0

[

1 @ J ll A o g
ﬂ1ﬂ‘i$l,l,ﬁmiu!LﬁZLLiﬂﬂuLﬂWﬁﬂ@]iuﬂWHﬂhﬁﬁllﬁﬂdﬂﬂﬁ

ﬂrlc()x W 2
ID(MI) = 5 I(VGS _VTH) (1+/1VDS) (2.18)
-0V, H 2.19
Vour = aVG(PMOS) = TH?EFET (p ) ( )
a
1 9 4 L] a 9 [ dy
ﬂ'lﬂ53!;Lﬁ!@ﬁullag!lﬁ\?ﬂu&@’lﬁT!@]sluﬂ']ul"]f\?lﬁullﬁﬂ\jﬂﬁu
lLlnC()XW V
ID(MI) = T(VGS Vg — %j(l + AVDS) (2.20)
—OVy_ssrer (pH ) 2.21)

aVOUT = aVG(PMOS) =

a

a 4 ! o
A ﬁ’t]WWﬂllm’E]iﬂl’é]\i“]f't]\ﬂﬂﬂi&!ﬁ



23

a ADONIIAIUITUINAIAINVDIFBNNNTLUASLA N 1Ay P

Von 3V3

-%/IOS
M
_'l 1

Reference 1
—o0 I/
Electrode our

D
|ne'_
giH—
— "
lISFET d l

22222?

ﬂﬁ 2.21 1995 mumam CIMP (Complementary ISFET MOSFET Pair with gate feedback)

F4 1 9
=} Av A

1 9 = 1 9 Y Y o Y A
mmwimumeyawumuwﬂan”lﬂﬂnmu‘lmma%u hlﬂllﬂﬁuﬁl@ﬂ‘llﬂﬂ’lﬂﬁ]i

3

] Ed
CIMP oz AIS Tagh19a501udeya CIMP J10a11150500aaRanIzNUINVOA 1A 11AZIDS

oy 2 & a 9 =2 o 9 Ya X o & '
21UUDYA AIS ﬁ'?iﬂﬁﬂlWNﬂ'ﬂﬂJlﬂuL“ﬁ\‘llﬁuﬁ'JiJﬂQ‘I/I'IGlWiJﬂ'JnJ"I,'JﬁQ‘Uu PINAUNT 995011
ﬂlay.a AIS Llﬂﬂﬂﬂuwalﬂuﬂ'ﬁ ﬂ’liﬂﬂuﬂaﬂfl]']ﬂsln!ﬂ‘ﬂ “Iﬁﬂi ﬁﬂ‘ﬁﬂ’]WﬂJ@\‘l?\ﬁ]TﬂﬂiUﬂﬁ\‘l
dal g é} [ a o =g v o @ 1 o
GUull’lﬁlfH UUHYS ﬂlu@gﬂﬂmu’]ﬂmﬂﬁﬂi’lumﬁlﬁﬂi l\/Il Lae 1\/[2 Glf\ilﬂuﬂﬂﬂﬂa'lﬂiy@’f]ﬂ’lﬁ‘i/n\ﬂusll@\i
v v A ' ° a ° P Ao
IVT @'Jﬂﬂ'ﬁclé]fﬁilﬂ'ﬁ‘ﬂ (2.17) GH'JfJﬁl,uﬂ']ii]'laﬂ\iWQ@ﬂiﬁNﬂ’liﬂ’l\ﬂu‘U@\iﬂ\iﬂiqﬂ PIWNITUHUY

ANTZUAYDI ISFET Laagaqqun1sn (2.22)

]D—ISFET = [D(Ml) + ID(MZ) (2.22)

HAZANITONIAINTEUAATUYB ISFET TugouduaziFadulddeannisn (2.23) uag

v v

(2.24) LA INA A UAIT

#nCD.XWl 2
[D(ISFET) = T(VGS(NMOS) - VTH(NMOS) ) (1 + ﬂ’nVDS )
(2.23)
#,C. W, 2
+#(VGS(PMOS) - VTH(PMOS) ) (1 + ;LpVDs )
P
lLlf’lCOXWn V
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