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BioZ Application
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Current Modulation for BioZ Measurement
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(b) 2E
O
V)

(a) 4E

» FHAE=E=E ST
+ BUHFQI BIoZ (Zgjy, + AZgn) SEE R
« HMOEQI Bioz Bsl (AZg,,) SEE?

| 8t 4E setup
2E setup H&Jls

| o

© 2021 IEEE
28.5:A 0.6V/0.9V 26.6uW-t0-119.6uW AX-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner 12 of 57

International Solid-State Circuits Conference



2E B1oZ Measurement

AN

N X

© 2021 IEEE
International Solid-State Circuits Conference 28.5:A 0.6V/0.9V 26.6uW-t0-119.6uW AX-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner 13 of 57



2E B1oZ Measurement

AN

AN

AN

© 2021 IEEE 14 of 57

International Solid-State Circuits Conference 28.5:A 0.6V/0.9V 26.6uW-t0-119.6uW AX-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner



Conventional Approach w/ 2E Setup
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Requirements for 2E BioZ Measurement
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Outline

B Proposed BioZ Readout IC
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Proposed BioZ Readout IC (I-Phase)
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TC Stage Stability
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DEM Scheme Overview

t louT 5uA* louT
250nA

DEMZ DEM3

DEM1 for IREF DEM2 for IDAC DEMS3 for CG

1SS 232 Foll Dedicated DEMs Al2.

© 2021 IEEE
International Solid-State Circuits Conference 28.5:A 0.6V/0.9V 26.6UW-t0-119.6uW AZ-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner 29 of 57



LA
S— 1
DEM1 DEM1 DEM3 faioz e
1:1 01 1:5 1:M
1:1 1 1:1 1 : 1:N, b 1: Ng ;
(J, Irer I . y i . y i FT# i i H i
0.25 - X :
(0-25H4) DEM1 DEM1 ; DEM?2 ' DEMZ2 :
_I _l_l — E i J IDA(IZ,P,I E i l |DACl’p’Q E
P E T | IDA(;,N,I i i I IDACI,N,Q i
DEM1 DEM1 DEM1 : DEM2 i1 |_DEM2 :
1:4 ‘1 1:1 1 1:1 ‘1 1:N, ' 1:Ng :
© 2021 |IEEE OZSHA 1HA 025[1A 5.9..2.5%-!\]'.’:9-?5%.: i.g.z.?HA.-.N.Q.*.Q.%.S.HA.:

International Solid-State Circuits Conference 28.5:A 0.6V/0.9V 26.6uW-t0-119.6uW AX-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner 30 of 57



DEM1-IREF

D Q 1 D Q 0 D Q 0 D Q 0 D Q 0 D Q 0
> l—> l—> l—> l— >
foemi—*
IOUT
Pr— { ? L 4
I [ [ | | |
IOUT :ll I I I I I|:
DEM1 ) A ISR N IV SR :
I_, II_I I :ll [ L 1 1 1 I|:
I I I I I I I I
1:4 c 1

« |IREFY 1/f noiseE€ =0|J| ¥t DEM1

© 2021 IEEE
International Solid-State Circuits Conference 28.5:A 0.6V/0.9V 26.6uW-t0-119.6uW AX-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner 31 of 57



DEM1-IREF

fDEMl ¢

« |IREFY 1/f noiseE€ =0|J| ¥t DEM1

© 2021 IEEE
International Solid-State Circuits Conference 28.5:A 0.6V/0.9V 26.6UW-t0-119.6uW AZ-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner 32 of 57



DEM1-IREF

fDEMl ¢

« |IREFY 1/f noiseE€ =0|J| ¥t DEM1

© 2021 IEEE
International Solid-State Circuits Conference 28.5:A 0.6V/0.9V 26.6uW-t0-119.6uW AX-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner 33 of 57



DEM1-IREF

fDEMl ¢

« |IREFY 1/f noiseE =0|J| ¥t DEM1

© 2021 IEEE
International Solid-State Circuits Conference 28.5:A 0.6V/0.9V 26.6uW-t0-119.6uW AX-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner 34 of 57



DEM1-IREF

fDEMl ¢

« |IREFY 1/f noiseE€ =0|J| ¥t DEM1

© 2021 IEEE
International Solid-State Circuits Conference 28.5:A 0.6V/0.9V 26.6uW-t0-119.6uW AX-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner 35 of 57



DEM1-IREF

fDEMl ¢

 |IREF2| 1/f noiseE =0|J| ¥l DEM1

© 2021 IEEE
International Solid-State Circuits Conference 28.5:A 0.6V/0.9V 26.6uW-t0-119.6uW AX-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner 36 of 57



DEM1 for IREF noise mitigation
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DEM3 for CG noise reduction
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Outline

B Measurement results
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Setup
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Noise Spectrum
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Noise Measurement
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IS SO S S rms]

- vinl0omvspax20k) | [0 | 052 104 | 76.6

40 0.54 1.08 | 82.3
100|  0.62 123 | 89.2
200 068 135 | 944
600| 1.28 24 | 989
2K 201 58 | 1017
6k 9.94 19.8 | 100.6
20k |  41.8 833 | 98.6

SNR
(dB)

Noise Density (V/VHz )

=
<
(00)

Frequency (Hz)
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Noise & SNR
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O ‘

101 102 103 104 1035 [5] H. Ha, ISSCC 2019

 Max. SNR=101.9 dB
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In-vivo Measurement (2E)

943.5

2- Electrode Setup 941.5 | ' CG=60A,
943F 941.4 § feioz=32kHz -

j JIE S

A4 [ | «—»i« ple >{

J Deep breath Hold breath Deep breath

0 10 20 30 40 50

1]
>
Ol
=]
]

« JIS0l 2 8= setups S8t =
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In-vivo Measurement (4E)
4-Electrode Setup 14.2

CG=60pA, fos=32kHz

1 _ 2 3 4
Time (S)
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Benchmark Table

Parameters VLSI'7 [2] JSSC'18 [3] JSSC’19 [5] MAX30001 | ADS1292R This work
Tech. (Jm) 0.18 0.13 0.055 N/A N/A 0.04
Supply (V) 1.2/1.8 1.5/3.5 1.2 N/A N/A 0.9/0.6
Stimulation signal Square (I) Pseudo-sine (l) Square (1) Square (l) Square (V) Square (l)
Input range (kQ) 1 10 24 5.625 10
|Current magintude (MAy)  5~100 5~50 5~100 8~96 0~100
Current frequency (kHz) | 1~1024 4~100 1~1024 0.125~131 32~64
1.1 0.7 0.4
Noise Density Rn @ 1Hz| (R=20Q) (R<50Q) (R=400Q,100pA) 40° 40° (R=20Q,100p1Ax)
(mQ/sqrt(Hz)) 26 9.5 7 (R=680Q) (R=2kQ) 2.9
(R=1kQ) (R=2kQ) (R=2kQ,60uA) R=2kQ,50uA
SNRpax(dB)” (BW=4 Hz) 76.6 91.4 93.7 78.6 87.9
Power (UW) of Readout 18.7 89¢ 18.9 ~34.9 N/A N/A 8.8~16
Power (UW) of CG 54~229 56~95 31~154.7 N/A N/A 17.8 ~103.3
Power (UW) 12.71~241.7 145~184 49.9~189.6 320 335 26.6~119.3
Area (mm?) 0.88 0.96 0.74 N/A N/A ). 6
FoM (dB)° 124.5 135.6 143.5 119.6 128.6

2 Peak-to-peak value b SNRmax=max(R/Rrms) where Rrms=Rn*\BW or Rpp/\2
¢FoM= SNRmax+10*log(BW/Power) where power is the sum of max. in readout and min. in CG

54 of 57

© 2021 IEEE
28.5:A 0.6V/0.9V 26.6uW-to-119.6uW AX-Based Bio-Impedance Readout IC with 101.9 dB SNR and <0.1 Hz-1/f-Corner

International Solid-State Circuits Conference



Conclusion
B 2E & 4E setup= {Ist ATI|BtO| BioZ Et=3| 2

O ) ol& & E 981Xt noise-shaping + DLF
O 1/f noise 23 E 2| &t dedicated DEM schemes A=

Q

B state-of-the-art performance &4

O 101.9dB2| = SNR1 20kQ2| H=2 &4 &
O <0.1 Hz 1/f noise corner
O 0.6V/0.9V 820 M 8.8-16 pWw &= AL

—

U

B in-vivo test S8t A|HH
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DEMZ2-IDAC Example: 5 IDACs

O e e

'S SW CS[5:0
\ swWis( 1% SW_CS[5:0]
b S T SW_OUT[5:0]

__u
|
lY

" cycle Jl O T -~
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DEMZ2-IDAC Example: 5 IDACs

|REEN ﬂ:) Ipac NMOS
Veasn rI | rI |
|_I | ||:

S\ 11—~ SW_CSI5:0]
b SWi(_ 1" SW_OUT[5:0]

__u
¥
IY

’1

SW_CS[0:5] SW_OUT[0:5] SW[O:5]
" cycle i NEE M

i+1™ cycle
« SW_CS & SW _OUT & A& 25 I} current source®| off timing 238 @
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DEMZ2-IDAC Example: 5 IDACs

lrern Ipac NMOS
e élbﬂ :H J :ﬂ :g' C |
53 3& y . SRR T T SWl{“ﬁiwjgﬁ[ﬁ'gz]m
||j | | T uj - sw2-+_P—|
Il—l II} ||_i J ||_l |
S
SW_CS[0:5] SW_OUT[0:5] SWI0:5]
" cycle [ i 11 l_l
i+1" cycle AN

« 2% SW_OUT &laJt current source2| off timing 2 & @
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