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Setup for BioZ Measurement

R

RBODY

(10~200Q)

BioZ = Rgopy + ARgopy = Vioz/ lcc

= Small Variation ARgz,py, + Baseline Impedance Rgqpy

= Inject AC Current (lo5) & Measure Voltage(Vgi,z)
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Challenge I: Input Impedance

= Low-impedance contact (need gel) s High-impedance contact (only metal)
= Large size (>10cm?) = Small size (<lcm?)

i deme e e Qi N S g i e o e D et i deme s e Qe N S g et g [ DS et

. Gel-ETI ! . Dry-ETI !

: 10nF~50nF | : 0.2nF~10nF |

. 500~200Q! For the long-term recording . 5OQ~ZOOQ:

: : and user comfort : |

| 10kQ~100kQ : | 1IMQ~20MQ ;
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Challenge I: Input Impedance

[Y.Shu, ISSCC 2020]

; :: ETI;

i
[
Zer= 6~30kQ @50kHz :
[
[

(<1cm? dry-electrode) (>10pF)

L

= Voltage Division =——— Signal Attenuation and Settling Error

m) \/ery High Input Impedance Required (at 50kHz) !
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Challenge II: Noise

Conventional BioZ Interface

Noise Contribution

O Current Generator (CG)
» Flicker noise (removed by DEM)
= Thermal noise
O Instrumentation Amplifier (1A)
m Flicker noise (removed by Chopping)
= Thermal noise

= |Input-signal dependent noise
[H. Ha, SSC-L 2018]

mp Multiple Noise Sources to Mitigate
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Challenge lll: Current Mismatch

Conventional BioZ Interface

Limited Voltage Headroom

T

s Suffer from Current Mismatch.

= Require an Extra Electrode

Body Bias

m) Needs Output Balanced Current Generator
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Outline

B Proposed Architecture of BioZ Interface
B Bias Control Loop (BCL) & Mismatch Cancellation
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Overall Block Diagram

] :
Current ‘l: ! Bias Control Loop (BCL)

|
Generator | | - }— Vrer & Mismatch Cancellation : OO0 Bias Control LOOp (BCL)
: MJ‘ EA; Ve CM extraction : . :
L ' T ____ , ¥ Current mismatch cancellation
iet-Ch ing 1A 1 .
e fi(:ppmg | v' Bias electrode removal
+ Vor | At -
XE ' O Quiet-Chopping IA
— |
VON: v' High input impedance of IA

v Input-dependent noise cancellation

|

|

|

' O Full Pre-Charge (FPC)
Full Pre-Charge (FPC)!

R, Boosting 1 ¥ Inputimpedance boosting
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Current Generator: This Work

1uA S5uA 5-100uA 1pA  Bias Control Loop

1:5 5 ) | iy, ] O Bias Control Loop (BCL)

g M. EA
+ iCM extractionl = Current Mismatch Cancellation
EEII- [l | - > = Bias Electrode Removal
vy m.l 55:, S I'm-I O Dynamic Element Matching
4 4
o [DEM2] o, 1. (DEM)
REF H 5-100pA s CG 1/f Current Noise Reduction
1:N

\/ \/ \/ @ Half Power and Area @ Well Matched Currents

© Remove High-Pass Filter (HPF) © No Bias Electrode
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Outline

B Proposed Architecture of BioZ Interface

B Quiet Chopping IA with DEO Filter
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Noise Analysis

rmmm e e e -
170 Vor | V., Phasef
=0 Von : + .|..\_ % o 5t

[ Vin Gt Gm3

I - -+ |-+

| |~ / Vin1,2=Vii=Vi2

|

: Vo2 lou==Gm(AVin+Vin1,2)

| Vee=ViN—-AVy Gm ———— et ———-

- f— +

: _— AV +Vii,2

|

[, o s, sy s o i e g o, o) e e, i, o g, i,

Phase2

Input chopper Output chopper

|
|
|
|

T T T T T T T T T e » EEEEE Vit I~ F==1

' Difference in Input Voltage _Vour _ VYN _ 1t NN/t -

| AV|N — — ~0 ] ! ! Gm3

i between G, ; and G, Ao 1+BA, 1 | N\ |-

L " I.--l/ Via1,2=Va1-Viz
: Iout=_Gm(Ale_Vn1,2)

s Preserve the function of chopping technique. : ‘;V“ + '\;;

| IN =Vhn1,2
|
|



Current Balance (CB) Input Stage

Further Improvement: Current Balance (CB) Input Stage

¢ = A more linear input range

v = Less input parasitic capacitance
]\ESN IINPl :"o::_sql: TIINN VCﬂIE
Cm= JW' M_":: I T Cw Vs
o\ﬂol «q R Hlomo \éNP ha NR_ Cpia = Cgyu
i s A% DVDZ I Reduce ~80% !!
T 4) <1I>——"||: Co | —

[Yazicioglu, JSSC 2008]
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Input-dependent Noise Cancellation

/

<
o+
+32

T
1| *

|

/ \

>
I o+
+2 1

+ -

Gm3

-+

Ry
AAA
\A4

>
\uf

feu R4 ::
R,

Normal Chopping CFIA

(o}  — .|.\_ o -
V \ Gm1 Gms
o ; ? -+
\J ff
+ ¥ =
Veg=Vin-AV / G2
_ -+ R,
* |~ MA
fCH R1 ::
R;
AAA

\A A4

Quiet Chopping CFIA

= Both input signals seen by G,,, , are nearly the same and static.

O Vop
O Von

O Vop
O Von

For each input G,
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DEO Filter in CB Input Stage

\'/ HPF
Ri/2=6kQ Ri/2=6kQ ? / T
f f
= Vbeo TV P DC fBIOZ} f
(=2 (1k~1MHz)
(Za—
/ Veo To G, s Cut-Off Frequency <1kHz (C.,=10nF)
VDEO VBIOZ_mod
(DC) (faioz)

= Embedded Passive HPF === No Input Impedance Degradation
[J.Xu, ASSCC 2020]
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Outline

B Proposed Architecture of BioZ Interface

B Full Pre-Charge (FPC)
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Input Impedance of BioZ Interface

Equivalent Impedance

Input Impedance

Input Impedance of QC CFIA
(Rin_IA)

(At baseband)

Equivalent Impedance of C,

'.B.e.qf.% Qp.k.?.'

of Cp at fBIOZ of IA at DC
(Req) (Rin_lA)
VB|oZ eq %
c N
[ g 5P L,
[ S m N /
Y _L -
/ T
SN
+ -
M
VB#OZ—md VBI0z_demod 'T' _—~
(feioz) (DC) fou

)
O
I

(Reg)
+\-' +O Vop
Gm3
-+ =0 Von
E Input Impedance
R, : of BioZ Interface
R,

= Zin = Equivalent Impedance of C; (on and off chip)
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Impedance Boosting: Full Pre-Charge

E iCp
s g—=—t
a;—“* T
Tt

A T
#cppc# vm< Full Pre-Charge (FPC)
Wt =

Rin» Boosting
4 Vepc=G*Vy

fBI oz

= Compensate the Required Charge of C;
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Full Pre-Charge: Implementation

From G2
i Ceect VTCONZj OVTcopz
Co V 250nA 250nA
TIOP
Vi + Vtconz Vicor:2
—V.N“J-LH; Ceec G;V'N Ti=a--___ 0'4 Tlrpc
VBIOZ # VT'ON ~~~~~~
% I orumes e ve gp
=R,/R;=
/4 TN
‘_/ fBIOZ fBIOZ \\_ VTIOP R3/2 R3/2 VTION

[ i e . o o s it i, [ N o ] . i . S S o . i, o—t—\N—r—vW—0—0

i Implementation Phase1 Phase2!

I s : j Vesn E
|
|
|
|
|
|

R

Vepc=G-Vin
-

s G=6, Cp=10fFx29=5.12pF
» Compensate C, up to 25pF with a resolution of 50fF.
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Outline

B Measurement Results
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Input Impedance Measurement Result

10
9 ——Rin(with FPC) 7
10 ——Rin(w/o FPC) %’_ 4
8
10"
p—— | g
G 10" ! 0 3
c 6 | I "6
x 10 : = 2|
5
| o
10 133kQ ! e
10" | s 1
3 50kHz Z
10 3 2 G 6 0 - - - - - - - -
10 10 10 10 60M 8O0M 100M 120M 140M 160M 180M 200M
Frequency (Hz) Input Impedance at 50kHz (Q)

= 57dB improvement at various fg,5, (1kHz-1MHZ)
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Noise Reduction by Quiet Chopping

Noise Density (V/VHz)

= Input-signal dependent noise cancellation

.....................................................

..........................

.....................

Normal Chopping(Vin=2mV) |
1= ="Normal Chopping(Vin=10mV) |
. |=="Normal Chopping(Vin=20mV) |
{===Quiet Chopping(Vin=2mV) |
— Quiet Chopping(Vin=10mV)

..................................

Frequency (Hz)
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System Noise Measurement

Noise Density (V/VHz)

-6

10

—Vin=2mV(20Qx100uA)

—Vin=20mV(400Qx50uA)
—Vin=20mV(2kQx10uA)

—Vin=20mV(200Qx100nA)

Frequency (Hz)

» 0.5mQ/VHz at 1Hz (R,,=200Q)

Q) 1AL (manHz) (dB)
20 | 100 0.49 86.1
40 | 100 0.49 92.1
100 | 100 0.49 100.1
200 | 100 0.50 106
500 | 40 1.27 105.8
800 | 25 2.14 105.4
ok | 10 5.95 104.5
4k | 5 12.2 104.3

SNR=(R/R,,,.) where R .=Rn*YBW
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BioZ Measurement

BioZ (Q)

Shallow Deep

14.6 1 breathing Hold breathing breathing’
< > | < <
14.4 -
Zop_m N

14.2
14.0
13.8;

CG=60pMA
13.6 fgioz=20kHz

5 10 15 20 25 30
Time (s)

s Dry-Electrode Thoracic BioZ Measurement

Measure Transmit
Voltage o

Dry Electrodes (0.45cm?)

23 of 56



Test with Worst-Case ETI

ETI (0.2nF||10MQ)
' T . e 200 - - - .
| :Cp_off-l—sz_on Vop c Disable | FPC Enable l Disable
L1 0.2nF] + ~ _ |
M1 0 onE! _A oz 180 Measured Resistor (R,;)=200Q
Tt Vo 60 L CO=20HA. for=200KH:
oRAES S L

-------

Time (s)

= Once the FPC is disabled, R,, drops from 200Q to 186Q.
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Comparison Table

Parameters ISSCC'21[1] ISSCC'20[3] JSSC'19[2] MAX30001 This work
Tech. (nm) 40 55 55 N/A 180
Supply (V) 0.9/0.6 1.8 1.2 N/A 1.2
Stimulation signal Square(l) Pseudo-sine(l) Square(l) Square(l) Square(l)
Current magnitude (pApk) 5-100 N/A 5100 8-96 5-100
Current frequency (kHz) 1-1024 1-128 1-1024 0.125-131 1-1024
Input;dat;;::eel:;::tnnmse Yess No Yese No Yes
Rn Noise Density 0.68 N/A 0.9 40 0.50
@1Hz (mQ/NHz) (R=2000, 100pAw) (R=2000,100pAx) (R=680Q) (R=200Q,100pA k)
SNR(dB)®
(R=200 Q,(BW)= 4Hz) 103 N/A 100 88.6 106
Current (uA) of Readout 9.8-17.8 N/A 15.8-29.1 N/A 13.2
Current (pA) of CG 19.8-114.8 N/A 25.8-128.9 N/A 12-107
Current (pA) 29.6-132.6 950 41.6-158 180 15.2-121.2
Area (mm?) 0.6 0.715 0.74 N/A 0.4
Bias electrode removal No No No No Yes
Dry electrodes Yes Yes
(gin@SOKHz) o (50MQ) il e (100MQ)

a Digital-assisted cancellation b SNR=(R/R,,s) Where R, ,=Rn*YBW ¢ High-pass filter results in low input impedance
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Conclusion
B A BioZ Interface IC with Bias Control Loop (BCL)

O Current mismatch cancellation
O Bias electrode removal

B Quiet-Chopping IA with DEO Filter and Full Pre-Charge (FPC)

O Boosted input impedance of 100MQ at 50kHz
O Input-dependent noise cancellation
O DC electrode offset (DEO) removal

B Successfully Demonstrated with On-Subject Test
O 0.45cm?dry-electrode test w/o bias electrode
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