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Abstract In this work, we propose a method to configure an ultrahigh resistance of 1G{2 or more on a chip,
which is used for I-V conversion circuit, in order to detect ultra-weak currents of several pA ~nA. In our method,
a desired resistance value is realized by connecting MOSFETs in the cutoff region in series-parallel. The influence
of I-V conversion characteristic, temperature characteristic, area due to the difference in the number of stages of
series-parallel connection is confirmed by simulation. Hence, an appropriate configuration method is derived. We

also compare with the existing Poly resistance and discuss the practicality of proposed MOSFET resistance.
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(a) Tri-electrode cell (b) Measurement circuit

1 Potentiostat method
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2 Channel length + width and Resistance
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4 Resistance value with Patterns
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5 How to configure a huge resistance
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6 I-V conversion characteristics for each pattern
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7 Temperature characteristics for each pattern
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3% 1 Constitution of Each Resistance Value

Resistance Composition Transistors
1GQ (Series:1TQ*5)/ (Parallel:5000) 50000
10GQ (Series:1TQ*5)/ (Parallel:500) 5000

100GQ2 (Series:1TQ*5)/ (Parallel:50) 500
1TQ (Series:1TQ*5)/ (Parallel:5) 50
10T (Series:1TQ*10) 20

100TQ2 (Series:1TQ2*100) 200

3.4 RAMLATObYIalL—vaY

AHITIE, 100GQIZH LT, BiEY Ial—>av KA
VAT b 3ab—vavairl, RERFIOMRED iR
fFolz, AFIZYIalb—ya vokERE2RT,
M8ix1+ty hd MOSFET & 100GQ DL A 7Y MXTH
%, HEZHIT L2012, L1YDOY 1 X3 7o Aick-
TIRTRNY A X2FHLUZ, ZOLAT Y MIRLT, B
17 Poly #H1¥ MOSFET OFRA ML AT M Ialb—v 3
VDL % 1T o 72,



# 2 I-V conversion charactristics and output range:

comparison between Poly resistance and suggested resistance

Poly 1GQ 10GQ 100GQ 1TQ 10TQ 100TQ
Resistance
Output voltage -999.732mV | -999.707mV | -999.707mV | -999.707mV -999.707mV -999.726mV -999.731mV
(-1[VD
Error(-1[V]) 0% 0.0025 % 0.0025 % 0.0025 % 0.0025 % 0.0003 % 0.0001 %
Offset Voltage(0[V]) -38.161uV -38.161uV -38.161uV -38.161uV -38.161uV -38.161uV -38.161uV
Output Range:V 2.460[V] 2.460[V] 2.460[V] 2.460[V] 2.460[V] 2.460[V]
(Error within 1%) — ~ ~ ~ ~ ~ ~
-2.250[V] -2.250[V] -2.250[V] -2.250[V] -2.250[V] -2.250[V]
Output Range:I -2.516[nA] -251.168[pA] | -25.130[pA] -2.513[pA] -251.301[fA] -25.130[fA]
(Error within 1%) — ~ ~ ~ ~ ~ ~
2.280[nA] 228.000[pA] 22.800[pA] 2.280[pA] 228.000[fA] 22.800[fA]

8 Post layout figure
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X9 Post layout simulation

F72, 3.3HIDK 6 D A—K YV (f) DFERLEDET, UTD
"o NB, 22T, X DHALIL [pA]. offset DHALIX
V], Y OHA7IE [mV]. offset DFEEIXHI-38.161[uV] TH 5,

(1) HR-Poly #Hi: :
Y = —0.09995 * X + of fset (6)

(2) HgEY I a2l —v a3 voiEfk:

Y = —0.09990 * X + of fset (7
(3) RAMLATIMYIal—Ya vk :
Y = —0.10045 * X + of fset (8)

ZOFEE, MOSFET ODRARLAT I Y Ialb—Yvay
e I 2L —Ya v, Poly fizliRT 5 & Th TN
0.5%. 0.5% DFRZEMIEARTE /2,

4. REHEHE Poly D ILE

# 3 Result of Area Comparison

Poly Resistance[mm?] | MOSFET Resistance[mm?]
1G 1.279 8.525
10G 7.001 0.826
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10T 7081.723 0.002
100T 70817.923 0.022
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