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SUPPLEMENTARY FIGURE

Figure S1. CAD Layout and SEM Images of uyHall chip. (a) Layout of uHall element and transistor
switch. (b) Layout of PHEMPT (pseudomorphic high electron mobility transistor) amplifier with single
finger. (¢) SEM Image of uHall element and transistor switch. (d) SEM Image of PHEMPT amplifier with
single finger.
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Figure S2. Multichannel measurement of MNPs. Magnetic susceptibility curves of various types of

MNPs were measured in different channels of the microHall array: ZnosFe2.604 (a), Spherotech
SVM-025-5H (b), Dynabead MyOne 65602 (c), Dynabead M-280 11205D (d), CoFe204 (e).
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Figure S3. Inmunofluorescence microscopy of OVCA420. (a) OVCA420 cells were labeled with
fluorescent antibodies and imaged. Fluorescent intensity from EGFR immunostaining (left) was higher
than that from EpCAM staining. (b) Quantification of molecular expression levels in OVCA420. Mean
fluorescence intensity (MFI) was calculated for EGFR and EpCAM expressions. The profiling results
from imaging agreed well the /HM data.



SUPPLEMENTARY NOTE
Symbols used in the text

Description Description
Ve Hall voltage (Hall element) T Temperature
Virroee Hall voltage (from lock-in amplifier) o frequency of time varying magnetic field
B total magnetic induction n number density
H  magnetic field strength V volume
M magnetization of material G magneto-geometrical factor
Hpc  external magnetic field (static) Ry Hall coefficient
Hyc  external magnetic field (time varying) t thickness of device
Up ~ magnetic moment 1 DC bias current
Xv magnetic susceptibility 1o vacuum permeability
Xy magnetic susceptibility at H=0 ka Boltzmann constant

1. Hall output is proportional to magnetic susceptibility at the given DC polarization field.

Hall voltage, Vg, is given by!?

GR,

(1 Vi =—

IB

If external magnetic fields, Hpc and Huc, are applied perpendicular to Hall sensor plane, then magnetic

field induction, B, is sum of external magnetic field strength and induced magnetic field from magnetic

materials.

(2) B= Uy |:HDC + HAcejWOZ + M(H) H=Hpc+H yce™ :|
where

3) B=u,(H+M(H))

4) H=H,.+H,e"



Using Eq. (2), Vuis expressed as

— M GR,

©) V=5

Ie [ H,.+H, " + M(H,.+H,.e" )]

The first order of Taylor approximation of Eq. (5) leads to

GR . dM y
(6) V, = “0%1 -(HDC HH ™ MOH )+, o Hocl! )

Frequency modulated Hall voltage is down-converted to DC signal by lock-in amplifier. Then Eq. (6)

can be written as a function of magnetic susceptibility.

_ MGR,

aM
Vit Lock = p I.(HAC +E‘ H=Hpe * HAC)

Uu,GR am
(7 = %IHAC '(1+E‘ H=Hpe

— ALLOGRH

IH,. '[1+%V(HDC)]

2. Normalized magnetic susceptibility

Magnetization of superparamagnetic nanoparticles is given as>#

— . IUO'upH _ kBT
(8) M(H)=M, l:coth( r ] (uou,,HH

where

(9) M=

<|3



(10) M, =nu,

From Eq. (8), we can obtain magnetic susceptibility by differentiating magnetization with respect to

magnetic field strength.

-2
— MO . ALLOJLLp 2. —CSChZ ALLO‘LLPH + MO‘LLPH
(11) 3k, T k,T k,T

Therefore, normalized magnetic susceptibility becomes
-2
H H
(12) X _ 3| _csen? Folly + Holty
%O kBT kBT

3. Effect of Hall sensor geometry

Geometry of Hall element affects Hall voltage output as described in Eq. (1). We could further evaluate

the effect of Hall sensor geometry by analyzing signal to thermal noise ratio. The magnetic field

resolution (7' /+/Hz) is given as®

_NAkTR _NakTR _ N4kTM
"y /B ST vuenG(w 1D\ wil

(13)

As shown in Eq. (13), the minimum magnetic field that the Hall sensor could detect is a function of
width (w), length (/), and thickness (¢) of the Hall sensor cross.

4. Hall voltage and sample position



The magnetic induction at the position r from the Hall sensor surface is given as*

(14) E(;):‘uoﬁf"&' 3(r-MV)r5—(r-r)MV
4w r
where
(15) H,=H,.+H,.e""
dM jwot
(16) M(H)zM(HDC)+d—H vty * Hac€”™

After plugging Eq.(14) into Eq.(1), Vu is a function of the sample position r. And Vy is inversely

proportional to 73 if the directions of induced magnetization and position vector are in parallel.

5. Size of sample chamber

Effective sensing volume of the Hall sensor determines the size of microfluidic chamber. Based on our
sensitivity measurement, the minimum magnetic field (Bwuin) that the Hall element can detect is Bin =
0.15 uT, which is equivalent to 0.1 pV in the Hall voltage output (¥ .z0ck) from lock-in measurement
with 2 sec integration time. We assume that a magnetic particle (diameter d = 1 um, saturation
magnetization M = 336 kA/m)’ is positioned above the Hall sensor. The field from the bead can be
approximated as

(17) B:&.g. 4l£M .
Aar P\ 3 8

Setting B > Bmin, we get » < 6 um. The maximum distance within which the particle can still be detected
is ~ 6 um. Therefore the effective sensing volume of the Hall sensor (/=7 um, w =7 um) will be 19 um
(/) x 19 pm (w) x 6 um (). If the size of the chamber is larger than the effective sensing volume, the
Hall sensor output could not detect the signal from the area beyond the effective sensing volume. We
chose the size of the microfluidic chamber based on the effective sensing volume and the size of single

cancer cell.
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