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Microplastics (MPs) Ingestion (5g/1week) Infant Feces Blood

MPs pose a threat to human health by causing damage.

Research on MP detection system is essential and necessary.
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Traditional MP Detection Method❖
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●

Proposed MP Detection SoC (System-on Chip)❖

High POUT & Tx efficiency è LC VCO.

High DR in Rx è Env. Detector.

●

-20

-6

8

1.211.19 1.23

S
2

1

Frequency

(GHz)

(dB)

C

B A

High
DR

PTX Shift

-20

-10

0

1.211.19 1.23

S
2

1

Frequency

(GHz)

(dB)

-7 Low
Linearity 

Error

VCM

R1

R2

R4

R3

10-bit
SAR
ADC

VFA.P

VFA.N
Data
bit

OUT

VDRi

10-bit
RDAC

SENSOR

InletReservoir

Data
bit
IN

Incident Signal
(Constant PTX)

S21

Narrow Bandwidth
High Linearity

High
Accuracy

1.19 GHz – 1.22 GHz
0.1 GHz – 3 GHz

Microplastic Detection SoC

LC VCO

Tx

Rx
VGA

Programmable 
Voltage Gain

VDR

Conv.

Expansion

Env.
Det

VIN

System link budget & DR

PRX = PTX - ILPARA - f(|S21|).

DR = PRX.MAX - PRX.MIN (same PTX applied).

●

RF 
MEMS
Sensor

 

MN1

MP1

C1 C2

L1

MN2

MP2

10-bit
RDAC

Data
bit
IN

L2

VOUT

Proposed Env. Detector❖

Proposed RF Readout IC (Rx)❖

RF 
MEMS
Sensor

VCM

R1

R2

R4

R3

10-bit
SAR
ADC

VFA.P

VFA.N
Data
bit

OUT

VDRi

High
Accuracy

0.1 GHz – 3 GHz

VGA

Programmable 
Voltage Gain

VDR

Env.
Det

VIN

G=1~12

RF-to-DC
Detector

 VREC

R2R1 Voltage
Amplifier

Comparator
ΦCK

  VA

  VR

Sync.
Up Counter

EN

  VIN

  VC

Ramp
Generator

Frequency
Divider

Closed-
Loop Gain 
G=1+R2/R1

Shift 
Registers

DQ9~DQ0

ΦR

State
Machine

Sample/Hold

C1

S10

R3

ΦS

VDR

VS

CS-DAC

S4

I4

DQ4

S3

I3

DQ3

S2

I2

DQ2

S0

I0

DQ0

S9

I9

DQ9

S1

I1

DQ1

S5

I5

DQ5

S6

I6

DQ6

S8

I8

DQ8

S7

I7

DQ7

Comparator
Turn-on 
Time (ton)

RF-to-DC detector

è VIN converts VREC.

●

Ramp generator

è Constant VR slope to 

ensure linearity & accuracy.

●

Current-steering(CS) DAC

è Linear changes in VDR.

●

Sample/Hold (S/H)

è Sample for operating cond.

●

To achieve high accuracy in near notch

pointè Proposed Env. Detector.

●

2.7mm

1
.9

5
m

m Amp
10-bit

SAR ADC

Buf-
fer

LC VCO

MP SoC

Env. Detector

Env. Detector

Env. Detector

Power Supply

PC

RF MEMS 
Sensor

MP Detection 
Prototype

Board

PE 
Dispersion 

Solution

Inlet

Outlet

Tx Rx

Reser-
voir

Cartridge

Reservoir

  Inlet Outlet

MP Trapping
Process MP

Trapped MPs in reservoir 

(C3)

❖

Characteristic sensor 

impedance varies with 

Tx driving freq.

❖

MP detection SoC can quantitatively 

distinguish MPs ☺

●

A fully integrated MP detection SoC can distinguish the narrow-band notch 

point of the RF MEMS sensor crafted as the narrow-band notch filter in 1.19–
1.22 GHz range ☺

●

Conclusion❖

❖ Chip Die

The proposed MP detection SoC can improve the output performance metrics

related to the driving and sensing capabilities with a smaller chip area ☺

●

The proposed MP detection SoC can be a viable portable solution to detect 

MPs while significantly reducing the analysis time and cost ☺
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