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Abstract: A fully integrated CMOS bio-chip is designed in a SMIC 0. 18.m CMOS mixed signal process and successfully in-

tegrated with a novel bio-nano-system. The proposed circuit integrates an array of 4 X4 (16 pixels) of 19um X 19um elec-

trodes,a counter electrode,a current mode preamplifier circuit (CMPA) ,a digital decoding circuit,and control logics on a

single chip. It provides a — 1. 6~1.6V range of assembly voltage,8bit potential resolution,and a current gain of 39. 8dB

with supply voltage of 1. 8V. The offset and noise are smaller than 5. 9nA and 25. 3pArms, respectively. Experimental re-

sults from on-chip selective assembly of 30nm poly (ethylene glycol) (PEG) coated magnetic nano-particles (MNPs) tar-

geted at biosensor applications are included and discussed to verify the feasibility of the proposed circuits.

Key words: CMOS bio-chip; CMOS integrated microarray; fully integration; current mode preamplifier; selective as-

sembly; magnetic nano-particles
EEACC. 1205; 1280; 3120

CLC number; TN432 Document code: A

1 Introduction

Biomedical technology has emerged as one of the
most promising developments in the 21st century to-
gether with nanoelectronics industries. Recently, DNA
molecule based biosensors have been extensively re-
ported in the literature” ~* . However, limited by the
sensor material and fabrication process, biosensors
currently being used are mostly implemented in a dis-
crete way. But in real applications (e. g., examining
DNA and proteins in a blood sample) , hundreds of in-
dependent biosensors in the micrometer scale with
drivers and readout circuits are required, which is pro-
hibitive to realize if implemented in discretely. Natu-
rally, the CMOS integrated bio-system (IBS) which
monolithically integrates the biomedical electrode ar-
rays and ASICs in a single chip is avidly expected.
Some CMOS integrated microarray (IMA) circuits
have been implemented in standard CMOS processes.
Xu et al. incorporated the sliver-enhanced optical
protocol and measured the optical current in each ac-
tivated site by CMOS readout circuits'*' . However,
without signal pre-amplificaiton stage,it relies on ac-
curate low current measurement to ensure the sensi-
tivity, thus requiring large device area and expensive
instruments. Han, Augustyniak, and Thewes used in-
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pixel double-integrator circuits, amplifiers, or AD
converters to achieve the expected resolutions®~" .
But this introduced the complexities of pixel circuits
and prevents the further down scaling of site area in
the future. Furthermore, these works rely on a con-
ventional gold—sulphur (Au—S) bond to self-assem-
ble a DNA monolayer on the electrode surface and
detect the complementary DNA molecules in the elec-
trolyte. However. the non-specific Au—S bond can
not selectively assemble the DNA monolayer on the
targeted electrode,limiting the specificity and diversi-
ty of the following sensing procedure. Although ef-
forts have been made for the patterning of DNA as-
sembly by introducing an electric releasing scheme, this
scheme is complicated for electric controlling and process-
ing,and is also time consuming (typically over 10 hours).

In this paper,an IMA circuit with a pixel decod-
er, driver, shared current mode preamplifier (CM-
PA) ,and control logics,is integrated with a bio-nano-
system. We use a novel electromagnetically assisted
assembly scheme for the first time,and it is designed
in a SMIC 0. 18.m CMOS mixed signal process. In this
circuit,the electrode array integrates the 16 pixels of
19pm X 19,m working electrodes and a 140pm X 19um
counter eclectrode on a single chip. Compared to the
conventional discrete biosensors and the reported
works, the proposed IMA has many advantages as
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Fig.1 System schematics of proposed CMOS IMA circuit

follows. (1) It integrates a bio-medical electrode ar-
ray with main-stream CMOS technology, which sub-
stantially reduces the cost and complexity of fabrica-
tion and electric interconnection, and saves chip area
as well; (2) It introduces the two stage decoding
scheme (pre-decoding and pixel decoding) to selec-
tively activate one of the pixels, which makes the cir-
cuit regular in architecture and easy to lay out; (3) It
eliminates the complex in-pixel double-integrator,am-
plifiers,or AD converters, but uses an out-pixel CM-
PA shared by all pixels to amplify the current from
the activated pixel before it goes to the following pro-
cessing stages, e. g. » AD, integrator, DSP, etc, which
simplifies the pixel circuitry and thus further shrinks
the pixel area; (4) It uses the novel electromagnetical-
ly assisted assembly scheme, based on charged mag-
netic nano-particles (MNPs) . to simplify the assembly
process and enhance the specificity and efficiency
(the assembly time is only 60s) as well; (5) It uses a-
luminium (Al) as the electrode material, which is
completely compatible with CMOS technology and
straightforward to fabricate. The proposed circuit is
further verified by experiments from the on-chip se-
lective assembly of the prototype of 30nm negatively
charged poly (ethylene glycol) (PEG) coated MNPs
in the aqueous buffer onto an address-activated work-
ing electrode by applying a positive assembly voltage
with respect to the counter electrode. Moreover,since
the PEG coated MNPs are capable of conjugating
with multiple types of DNA molecules, proteins, and
antibodies"**', it provides a novel platform for bio-
sensing applications and is believed to be a promising
candidate for improving the bio-sensing efficiency,

specificity,and diversity of IBS.
2 Circuit design and analysis

The system topology of the proposed CMOS IMA
circuit is illustrated in Fig. 1.1t is designed with an ar-
ray of 16 pixels and a 140pm X 19pm counter elec-
trode. Each of the pixels is a 19pm X 19um electrode.
A two-stage address decoding approach (predecoding
and pixel decoding) is introduced to selectively acti-
vate the working electrodes of the IMA. An on-chip
CMPA circuit is implemented to control the working
electrode potential. It also receives and amplifies the
pixel current using the negative feedback mechanism
and the input regulated current mirror.

2.1 Electrode decoding logic

On the rising edge of the clock CLK,logic states
of Arows P/ N,and Acoum are locked into the data reg-
ister and propagated to the decoding stage. The deco-
ding mechanism is realized by the two-stage decoding
logic composed of row-column pre-decoder and pixel
decoder. The standard transformation from input bi-
nary code to 1/N code is performed by the pre-decod-
er circuit, with the output of logic signals R; and C;
for an arbitrary pixel i, where i = 1, 2, ---, 16, as
shown in Fig. 1.

In the pixel decoder,if and only if both R; and
C, are activated (logic “11”), S0, M4, and M5 are
switched on by logic signals SP; and SN,;, the ith
working electrode is connected to a positive voltage of
Vw — V¢ (or a negative voltage of — | Vy — V¢ [) by
the pixel logic gates, pMOS transistors M0,M2, and
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Table 1 Truth table of the pixel decoding logic
R C; P/N P; N; SP; SN
0 X X 1 0 1 0
X 0 X 1 0 1 0
1 1 0 1 1 0 1
1 1 1 0 0 0 1

M4 (or nMOS transistors M1, M3, and M5) ., depen-
ding on the logic “1” or “0” of the state signal P/N,
where P; and N, are pixel logic signals controlling
transistors M2 and M3. Meanwhile,all the other com-
binations of R; and C; (logic “00”,“01”,and “10”)
will close SO and transistors M2~ M5, and thus float
the working electrode to the high resistance state with
only ~10pA of leakage current to the electrolyte. The
truth table of the proposed pixel decoding architec-
ture is illustrated in Table 1.

2.2 Current mode preamplifier (CMPA)

Quantitative analysis of a bio-nano-system re-
quires the measurement of currents within the electro-
lyte. But since these currents are mostly on the order
of nano or sub-nano amperes, direct measurement is
sensitive to off-chip fluctuations and noises. There-
fore, pre-amplification of the current in the on-chip
low noise environment is preferable.

The CMPA circuit to stabilize the working elec-
trode potential and amplify the bio-assembly cur-
rent'”'" is the major part of the proposed IMA since
it confines the potential resolution and noise current.
Preliminary experiments of the eclectromagnetically
assisted assembly of MNPs in the aqueous buffer have
been made on the customized working electrode
(without integration with the CMOS circuit) ,and the
specifications are summarized in Table 2.

To meet the specifications in Table 2,in the CM-
PA., the current amplification based on the compli-
mentary architecture of input-regulated current-mir-
ror is introduced in the design to provide the capabili-
ty of bidirectional assembly and nano-ampere current
amplification (based on our previous works in Refs.
[10] and [11]),where the N and P branches of the
CMPA in Fig. 1 are illustrated in Fig. 2(a) and Fig. 2
(b) for an activated pixel i.In this pixel,either M2 or
M3 is opened and provides current to the input regu-
lated current mirror composed of opamp A, MO, and
M6, in Fig.2(b), or opamp A, M1, and M7, in Fig. 2

Table 2 Specifications from the preliminary experimentations

Typical assembly voltage 1.5 ~2.5V
Min. assembly voltage 1v
Optimized voltage duration 60s
Max. potential variation <10mV
Assembly current range ~10nA to ~10pA
Max. signal bandwidth < 10kHz

I To working
: electrode
|

To working
elctrode

Fig.2 Transistor level implementation of the proposed CMPA
(a) N branch of proposed CMPA; (b) P branch of the proposed
CMPA

(a), during the assembly process, which implies the
positive or negative assembly voltage of Vy — V¢ or
— | Vw— V¢! on the activated working electrode with
respect to the counter electrode, depending on the
logic states of signals P; and N; in Table 1. The elec-
trode potential is stabilized from the feedback mecha-
nism introduced by opamp A. The DC gain of the
CMPA (or equivalently (W/L)s/(W/L), and (W/
L);/(W/L),) is designed to be 40dB (or 100dB).
Moreover,the parts inside the dashed boxes are pixel
circuits which are duplicative, while the parts outside,
including opamp A,M6,and M7,are shared for all 16
pixels. For a specific address, only one copy of the
pixel circuit is connected to the shared CMPA, which
is controlled by logic signals P;, N,;,SP;,and SN, af-
ter decoding,and switches SO,M4,and M5. This archi-
tecture simplifies the pixel circuitry, thus further
shrinking the pixel area and reducing the hardware
expenses and power consumption for the CMPA.

An opamp A with rail-to-rail input common-
mode range and Class-AB output stage is also incorpo-
rated to serve for the feedback mechanism in the CM-
PA, which is depicted in Fig. 3. The opamp uses the
complimentary folded-cascode input stage composed
of transistors MO to M13 to achieve the rail-to-rail in-
put common-mode range, enable the required assem-
bly voltage,and reduce the input-referred noise to sta-
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Fig.3 Transistor level implementation of the proposed opamp with rail-to-rail input common-mode

range and Class-AB output stage

bilize the potential. We incorporate the Class-AB out-
put stage composed of transistors M29 to M32 to ac-
commodate the dynamic range requirement in Table
2. Transistors M14 to M21 function as the common-
mode feedback circuit and provide biasing voltage for
the folded-cascode input stage. M25 to M28 form two
source followers to match the DC voltage between
stages, while the other biases are served by M22 to
M24 from a current Iy = 1pA.

2.3 Potential variation and noise current

The potential variation on the working electrode
is due to: (1) finite gain of the opamp, (2) input re-
ferred noise,and (3) the input referred offset of the
opamp. If G is the DC gain of the opamp, the po-
tential variation, V ,due to (1) can be expressed as
e (D

An opamp with large G (over 70dB in the de-
sign) is preferred to reduce the potential variation.

Transistors MO, M1, M3~ M8, and M10~M13 in
the first stage contribute to the overall noise. The

noise current power spectral density, S;, in a MOS
[12,13]

Vi =

transistor is given by
K I3r

ffrCo WL

where y is the thermal noise parameter, g, is the

S, = 4ykTg. + (2)

transconductance, [ 4 is the drain-source current, C,, »
W,and L are the gate capacitance per unit area,tran-
sistor width,and length, respectively,and k, T,and f
are the Boltzman constant, temperature,and frequen-
cy,respectively. K¢, Ag,and Er are the flicker noise

parameters with the typical values of 2X107%°,2,and
1,respectively. The corner frequency f.,where ther-
mal noise and flicker noise exhibit the same power
density,is calculated as 5. 4Hz using parameters pro-
vided by the foundry, which is much smaller than the
unit gain bandwidth. Therefore, flicker noise is negli-
gible in the proposed opamp, and the input referred
noise voltage V, can be characterized by

Vizm — 87kT(gmo + gm3+gms+g@3+gm1()+gmlz) (3)

(mo + gur)”
where g,, is the transconductance of transistor Mj ,j
= 0,1,
the biasing currents and aspect ratios of the input dif-
ferential pairs, but trades off with the power con-
sumption and the physical area.

A Monte-Carlo simulation was performed to
characterize the input referred offset using the mis-
match parameters provided by the foundry. In the
worst case of Ve =0V, the overall potential variation
due to the above three issues is 5. 88mV, which im-
plies an 8bit of potential resolution and satisfies the
condition in Table 2.

,32. V., can be diminished by increasing

Table 3 Summary of performances of proposed CMPA

CMPA N branch P branch
DC gain/dB 40 40
Min. 3dB bandwidth/MHz 4.4 3.7
Assembly voltage range/V -1.6~1.6 -1.6~1.6
Max. potential variation/mV 5.88 5.87
Potential resolution/bit 8 8
Max. noise current/pArms 135 118
Max. offset current/nA 7.1 7.1
Power supply/V 1.8 1.8




5010 3 Zhang Lei et al. .

A CMOS Microarray with On-Chip Decoder/Amplifier and Its Integration with -+ 1951

_—T ° 009 ©
: 0 o ° o ®
Electrolyte © © © 00
" (28999070 |gogagoaagen a2
-> -
Subgtrate
| | Y Ve
Working Working Counter Magnetic field |
electrode electrode electrode (b) (c)

(@)

s~ 8=

€, «
e, \

S
- dr!g

i o 3*': -
i Magnetic
P nano-particle

!
da"i a8 [_ﬂ_}

\

&° Magnetic field
PEG HHHHTH

Electrode surtace

®

Fig. 4

© (d

(a)~(e) Flowchart of electromagnetically assisted assembly of MNPs based on the proposed

IMA; (f) Force diagram of MNP within the electrolyte

The noise current of the CMPA is induced by: (1)
input referred noise of opamp A, and (2) intrinsic
noise from the current mirror transistors. According
to Eq. (2),the second part decreases with the assem-
bly current; while the reduction of the first part has
been discussed above following Eq. (3). Simulation
shows that issue (1) dominates the noise current over
the specified current range of ~10nA to ~10pA in
Table 2,especially for the small current cases. The cir-
cuit performances of the proposed CMPA are summa-
rized in Table 3 and meet the specifications in
Table 2.

3 Principles of MNP assembly

30nm PEG coated MNPs in an aqueous buffer
with the concentration of 0.1% are used as a proto-
type to demonstrate the selective bio-assembly in the
experiment. The PEG coated MNPs are synthesized
through the thermal decomposition reaction of iron
(IIT) acetlyacetonate (Fe(acac)3) and the organic
solvents of 2-pyrrolidinone together with «, w-
dicarboxyl-terminated PEG ( HOOC-PEG-COOH ).
whose chemical structures are presented in Fig. 4. The
detailed synthesis method and chemical properties are
discussed in Refs.[8,9].

According to Refs. [14,15], nanometer scale ion
oxide particles exhibit superparamagnetism, namely,
they can be magnetized in a magnetic field and the

magnetic susceptibility, X ,is much larger than 1. How-
ever,there is no magnetic memory. Once the external
field is removed, the particles redisperse and behave
like a non-magnetic material. The force on the super-
paramagnetic particle inside the magnetic field de-
pends on the volume of the particle, V,the difference
of magnetic susceptibilities between the magnetic par-

ticle and its surrounding buffer medium, AX, and the

strength and gradient of the applied magnetic field, B
and VB,

VAX

Mo

Frw = (BV)B (4)

where # is the magnetic permeability in vacuum''®’.

Figure 4 shows the principles of the assembly of
PEG coated MNPs. The force diagram of MNP within
the electrolyte is shown in Fig. 4 (f). In this system,
five types of major forces are being applied on a
MNP, magnetic force, F,,,, electrostatic force, Fy
Van der Waals force, Fyqw » random Brown fluctuation
force due to the collision between MNP and water
molecules, Fg , and the hydrodynamic drag force,
F g » Which is caused by the friction within the fluid,
and is smaller than the previous four forces in magni-
tude around the eclectrode surface. The other non-
dominant forces,such as the buoyancy force etc. ,are
omitted. Because of the random nature of Brown Mo-
tion, Fy, is not shown in Fig. 4(f).

First,a magnetic field is applied from the back-
side of the IMA chip to pre-concentrate the MNPs in
the electrolyte onto the electrode area (Fig.4(b)).
But since the gradient of magnetic field, V B,around
the electrode surface is relatively small compared to
that within the electrolyte,according to Eq. (4), F
is small. Therefore, there are no close contacts be-
tween the MNPs and the electrode surface,and Fyqw 1S
smaller than Fy, ,s0 no assembly occurs. As a positive
voltage V' is applied on the working electrode with
respect to the counter electrode,since these PEG coa-
ted MNPs are negatively charged within the electro-

891 they are further attracted by F, onto the ac-

lytet
tivated working electrode. Due to the close contact
between the MNPs and surface of the activated elec-
trode induced by F., Fyew is much larger than Fy,.

These MNPs are eventually immobilized on the elec-



1952 e

%29 &

;,‘_
]l

.-

''mm
IL'; .
[ I

:

Fig. 5
electrode (0001) and the contrast experiment on electrode
(0000) of the CMOS IMA

Microscope picture of the 30nm MNPs assembly on

trode surface specifically due to the Van der Waals at-
traction (Fig.4 (c)). Subsequently, an opposite mag-
netic field is applied to remove the residual MNPs on
the inactivated working electrode (Fig. 4(d)),and the
whole chip is rinsed by DI water (Fig. 4(e)). The cur-
rent induced by the assembly process is read out by
the buried pixel CMOS circuit underneath the work-
ing electrode and further amplified by the shared cur-
rent mode preamplifier (CMPA).

4 Experiment and discussion

The proposed IMA is designed in a SMIC 0. 18um
standard CMOS mixed-signal process with a 1.8V
power supply. In this process,the IMA bio-chip is fab-
ricated on the p type Si wafer with a resistivity of
0.01Q * cm, and the electrode topology is shown in
the die micrograph illustrated in Fig. 5. The selective
assembly of 30nm negatively charged MNPs is valida-
ted by experiments in terms of atomic force microsco-
py (AFM) and scanning electron microscopy (SEM),
which in turn verifies the correctness and feasibility
of the proposed IMA.

4.1 Electrode fabrication

The Al electrodes on the IMA bio-chip can be
fabricated from the post CMOS process after fabrica-
tion, which is intrinsically compatible with SMIC
0.18pum standard CMOS technology: (1) A mask with
electrode patterns is aligned to the fabricated bio-
chip; (2) A step of lithography/etching process is ap-
plied on the SiO,/Si;N, passivation layer to expose
the Al electrodes of the chip;and (3) Before the ex-
periments, the chip is further rinsed by the diluted
acid to remove the thin oxide layer on the electrode.
The fabricated 16 pixels of the 19m X 19m electrode

array and the 140pm X 19u,m counter electrode are il-
lustrated in Fig. 5.

4.2 Preparation experiments and discussion

Before integration with the IMA chip, we also
prepared experiments on the 150p,m X 150, m separate
electrodes to find suitable conditions for effective
MNP assembly and the integration with our proposed
IMA chip. According to the experiment, the assembly
voltage V, should be larger than a threshold of 1.2V
to achieve effective assembly, while the thresholds of
magnetic field B and time t appear around 0. 5T and
10s,respectively. On the other hand,excessively large
values of V., B,and ¢ will substantially increase the
clustering of MNPs on the electrode, which may limit
the down-scaling of the electrode dimensions and de-
grade the resolution. The “sweet conditions” are opti-
mized as Vo =1.6V,B=1.2T,and t = 60s.

According to the experimental result, MNPs are
effectively assembled on the Al electrode surface for
1.2V<<V,<<2.0V,while larger values of V, will re-
sult in bubbles on the electrode surface due to the
electrochemical oxidization of Al,thus destroying the
assembly of MNP. Although Au or Pt electrodes can
avoid the bubbling issues for V,> 2. 0V, MNP cluste-
ring issues may still come into the system since V, is
substantially larger than its optimized value of 1.6V
in this case. Moreover, the post fabrication process for
Au and Pt clectrodes is much more complicated and
less compatible with the standard CMOS process com-
pared to Al electrodes'” . Meanwhile, V, should be
nominally within O ~ 1. 8V due to the power rail lim-
itation, and within this range Au or Pt shows no sig-
nificant superiority over the Al electrode in the ex-
periment.

Contrast experiments in Fig. 6 are also made on
the separate electrodes to validate the assembly
scheme illustrated in Fig. 4. Due to the absence of as-
sembly voltage, MNPs can not be assembled on the
electrode surface in Fig. 6(a) . In this case,since F,, is
small close to the surface,there is no close contact be-
tween the MNPs and the electrode surface. Fygw 1S
smaller than Fy, ,s0 no assembly occurs. In Fig. 6(b),
the assembly voltage immobilizes some MNPs on the
electrode surface, however, due to the absence of a
magnetic field, MNP concentration is relatively small
around the surface and the efficiency of assembly is
low. By following Fig. 4,the MNPs efficiently assem-
bly on the electrode surface,as is shown in Fig. 6(c),
which in turn validates the electromagnetic MNP as-
sembly scheme in Fig. 4.

4.3 Integration experiments and discussions

In the integration experiment,a + 1.6V of opti-
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Fig.6 Contrast experiments on the separate electrode to vali-
date the principles of the electromagnetic assembly of MNPs
(a) Result for Vo, =0V,B=1.2T,and t = 60s; (b) Result for
Va=1.6V,B=0T,and t =60s; (¢) Result for V,=1.6V,B=
1.2T,and t =60s

mized assembly voltage of the activated working elec-
trode is applied with respect to the counter electrode.
According to the decoding scheme, the 16 electrodes
in Fig.5 are addressed as (0000, <0001),---,<1111)
from the bottom-left to top-left vertically, and from
the left column to the right column horizontally.
First, the (0000) electrode is activated for 60s
without MNPs in the aqueous buffer. As is expected
and shown in Fig. 5, no evidence is observed in the
microscopy. Then electrode <(0001) is activated for 60s
in the aqueous buffer with PEG coated MNPs. After
the rinsing process, the electrode surface becomes
dark in Fig. 5. Consequently, we conclude from the
contrast experiment above that the PEG coated MNPs
are evidently assembled on electrode (0001) by the
IMA. The AFM images of the contrast experiment
above in Figs. 7(a) and 7(b) show the surface mor-
phology of electrode <0001) and <(0000), which gives
direct evidence of the assembled 30nm MNPs. Fur-
thermore,the closer view provided by the SEM image
shown in Fig. 7(c¢) indicates that some of the assem-
bled MNPs are gathered into clusters of a few parti-
cles and become larger in dimension, which limits the
down-scaling of the electrode dimensions and makes
the fabrication of a sub-100nm biosensor and integra-
tion with the CMOS process challenging in the future.
The above experiment was successfully repeated on

'ﬁM‘-: 34.406 nm

I RMS =6.105 nm

Fig.7 (a) AFM picture of (0001) electrode surface after the
assembly of 30nm MNPs The area shown in this picture is 5pxm
X5um;(b) AFM picture of (0000) electrode surface without
assembly of 30nm MNPs
X 5pm. The intrinsic surface roughness on the working electrode

The area shown in this picture is 5pm

is about 6. 1nm; (¢) SEM picture of (0001) electrode surface af-
ter the assembly of 30nm MNPs

different electrodes and multiple chips,which verified
the repeatability and robustness of the integration ex-
periment.

In the experiment, the measured potential varia-
tions due to the input referred offset and noise are
3.5mV and 15;Vrms, respectively, and the current
noise is around 25. 3pArms. The other parameters are
summarized in Table 4 and satisfy the specifications
in Table 2. Meanwhile, the measured parameters are
consistent with the post simulation result in Table 3,
but better than the worst case estimations made in the
simulation.

Moreover, the bio-assembly current on working
electrode (0001) during the above process is measured
and amplified by the P branch of CMPA in the pro-

Table 4 Summary of measured parameters from the proposed
IMA

DC gain 39. 8dB

Overall potential variation 3.52mV
Potential resolution 8bit
Bio-assembly voltage 1.6V
Max. bio-assembly current 2.7TpA
Saturated bio-assembly current 63nA

Max. noise current 25.3pArms

Max. offset current 5.9nA

Power supply 1.8V




1954 k5 ko W %29 &
10

—a—1.6V,19umx19um

Current/pA

0.1

0 10 20 30 40 50 60
Time/s

Fig.8 MNP assembly current as a function of the duration of

assembly voltage The solid squares represent the measured as-

sembly currents

posed IMA, and the results are shown in Fig. 8. The
assembly current decreases monotonously from 2. 7 to
0.1pA within 15s from the start point, and gradually
saturates to ~ 70nA at the end of the assembly
process. This is because after the assembly voltage is
applied on the activated working electrode with re-
spect to the counter electrode,the MNPs in the aque-
ous buffer experience a large electric field, move to-
ward the electrode,and are eventually immobilized on
the clectrode surface. However, as time eclapses, the
previously assembled MNPs, which are negatively
charged, shield the applied electric field,and in turn
reduce the effective electric field being applied on the
following MNPs in the buffer. Thus,the assembly cur-
rent decreases. Moreover, due to the reduction of as-
sembly current, the decreasing speed of the effective
electric field on MNPs becomes smaller as a function
of time,which accounts for the saturation of the bio-
assembly current in Fig. 8. The measured current
again shows that the MNP assembly is mainly due to
the existence of an electric field or assembly voltage
on the selected working electrode, while the magnetic
field pre-concentrates the MNPs around the electrode
surface and enhances the efficiency of the following
assembly process.

5 Conclusion

In this paper,a CMOS IMA targeting an electro-
magnetic selective assembly of charged MNPs is pro-
posed and designed in a SMIC 0. 18:m CMOS mixed
signal process. The circuit integrates the 16 pixels of a
19pm X 19pm electrode array,a 140pm X 19m count-
er electrode, a CMPA, adigital decoding circuit, and
control logics on a single chip. It is capable of provi-
ding a —1.6~1.6V assembly voltage, a potential
resolution of 8bit, and a current gain up to 39. 8dB,

biased at a current of 1pA, while the offset and noise
are smaller than 5. 9nA and 25. 3pArms, respectively.
Experimental results show that the proposed IMA sat-
isfies the prerequisite specifications and that it is fea-
sible to selectively assemble the prototype of 30nm
PEG coated MNPs on the activated working electrode
by the applied voltage. In fact, the PEG coated MNP
can be further conjugated with multiple bio-species
(DNA molecules, proteins, or antibodies) on the sur-
face and selectively assembled on the activated work-
ing electrode from the proposed approach,which may
significantly improve bio-sensing efficiency, specifici-
ty,and diversity of IBS.
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