05V MERFH HAFMTBAT W3 FRLL s
0.5-V Low Voltage Analog Front-End IC for Biomedical

Signal Recording

GRS T

g R F g



05-V RET BV HFETRRET 02 gﬁgm L
0.5-V Low Voltage Analog Front-End IC for Biomedical

Signal Recording
oy o4 RS Student : Tze-Zheng Yang

iR PP F K4 Advisor : Chau-Chin Su

TSI AR T AT
L
A Thesis
Submitted to Institute of Electrical Control Engineering
College of Electrical Engineering and Computer Science
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master
in
Electrical Control Engineering
July 2012

Hsinchu, Taiwan, Republic of China

S OE AW -FR- & -



0.5-V ™ Z Ry
7 &

Eﬂ

FFRAFF LT

RRE ER bt 34

CMOS s v s T BB

YL R SUEL

—

FARTE

SLERTC Y

TE LT e AT

LRI 0 R UF eI o ST A

BARWT AT 52 FREE &
IR D RDF KR

HF i %%ﬁ%ﬁfé_iﬁ‘]%ﬁj{i S FARRAR L o AR A

TR - B 05V TR, T AN

B FIERIE o AP AR R S L TR TR
# #52c4 ~ chopper-stabilized & % /i v T REITTIEET RS

2~ g en input-referred noise floor

% 36 /F 12 % 3.26 1 noise-efficient factor (NEF) o ¥ ¢b » ¥ 238 it 2+ Benf R

PRCRVEE ST SLRE I
BRE) - i

0.75mm X 0.66mm (# ¢ 7

RS

PR —2 PR LR

FARLEF AL DSP L - B L A20MW (7 ¢

s LS EN

7

+ Y
R =

UMC CMOS 90 nm eil4z » 2 5% %

PAD)

RIBPR AT KTREE > RS HF %L
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National Chiao Tung University

Abstract

In this thesis, a 0.5-V low voltage programmable CMOS analog front-end IC for
biomedical signal acquisition is presented. The design deals with Electrocardiogram (ECG),
Electromyogram (EMG), and Electroencephalogram (EEG) signals, while reject DEO
(Differential Electrode Offset), common-mode disturbance and solve flicker noise by
differential circuits and chopper-stabilized technique with an AC feedback circuit. The analog
front-end circuits achieve 36 “VM input-referred noise floor and the noise-efficient factor
(NEF) of 3.26. The programmable gain amplifier (PGA) sets voltage gain with digital
interface, which could be integrated with DSP easily. The total power consumption is 4.21uW
(biasing circuits are excluded). The chip is realized in UMC 1P9M 90nm CMOS process. The

active die area is 0.75mm X 0.66mm.

Index Terms - Bio-potential amplifier, Chopper-stabilized amplifier, Low-voltage
circuits, Programmable gain amplifier.
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% 3-0 4 Fagen e
Signal BW(Hz) IRN (LVims)
EEG 0.5~100 0.36
ECG 0.5~100 0.36
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FZ2F 05V wagMIEKy (<)

£ 3Ll wET s IR A

Power(u W)
BIAS 0.68
IA 2.16
PGA 0.62
PREA 1.43
Total 4.89
Total(no bias) 4.21
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Spec. Value Unit
Supply Voltage 0.5 \Y/
Supply Current 8.42 M A
Power 4.21 MW
Gain 26~66 dB
NEF 3.26/2.77
Input-referred Noise 36.6/50.7 n\%ﬁ
Density(0.5~1kHz) (4k/2k)
THD <0.1 %
CMRR(60Hz) >110 dB
High Pass -3 dB frequency 0.5 Hz
Low Pass -3 dB frequency 1k Hz
AFE SFDR 70.2 dB
Chip size 0.96 x 0.94 mm?
Core area 0.75 x 0.66 mm?
Technology 90 nm

NEF: Noise Efficient Factor

2 Itot
-V, -4KT -BW

NEF :Vni,rms \/
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35 RFBI R

BB ATV T T R R R A T AT o BB RS 4 enT R B 8.42u A
B~ AP 330 5 0.360 Vims (100Hz) » £ 865 #£ 2 0.49mm’
%3-13 v B AT RAR Y B
Spec. Tim R.F. R.F. X.Zou L.Yan, This work
Denison, Yazicioglu, Yazicioglu, Y.Lian H.Jun Yoo
Jssco7[11] | Jssco7[o] | Jssco8[10] | JSSC 09[14] | ISSC 10[15]
Supply Voltage 1.8~3.3V 3V 3V Y, 3V 0.5V
Supply Current 1.0p A 111y A 3.6y A 337 nA 1.66p A 8.42p A
Power 1.455mwW 33.3u W 10.8y W 0.33u W 54 W 421y W
Gain 41~50.5 dB 51~67dB 72~81dB 45~60dB 58~70dB 26~66 dB
NEF 4.6 4.7 4.3 3.26 3.1 3.26/2.77
Dynamic Range 50.5 dB 67 dB 81 dB 60 dB 60 dB 66 dB
Input-referred 0.95u V 0.57u V 0.59u V 1.16p V 0.51p V 0.36p V
Noise RMS (100Hz) (100Hz) (100Hz) (100Hz) (100Hz) (100Hz)
High Pass -3 dB 0.05 Hz 0.5 Hz, 0.5 Hz, 4.5m Hz, 0.5 Hz, 0.5Hz
frequency 10 Hz
Low Pass -3 dB 180 Hz >150 Hz 675 Hz 292 Hz 625 Hz 1 kHz
frequency
Core area NA 1.95 mm’ 17.55 mm? 1 mm? 2.6mm*> | 0.49mm’
(8-channel)

Technology 08 uym | 05 um 05 um 035 um | 018 pm | 90nm
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$ueg 05VH!THEFHMITEXS (2)

141k BRKAL

TT FF FS SF SS
Ay(dB) 42.2 38.3 41.1 43.1 43.2
PM 83.1 77.6 79.8 78.5 89.2
fo(kHz) 245 208 275 185 305
mvV 10.9 9.5 17.9 6.3 20.7
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7 2 FGHE A
Signal Av (dB)
EEG 58~78
ECG ~ EMG 28~52
2 80E-007 [—— afe_with chopper]
2.60E-007 +
2.40E-007 +
ﬁ 2.20E-007 +
‘g’ 2.00E-007 +
:_Sn/ 1.80E-007
g 1.60E-007
g’ 1.40E-007
> 1.20E-007
1.00E-007 \\
8.00E-008 +
100m s '”10 , "””]iOO ' "””;I.k
fre(Hz)
B 4-10-5 4 7 o se 1L iR )
# 4-5 7 =5 T B SR
Noise Density 1T FF FS SF SS
nv
( / VHz )
4k 125.8 126.5 145.5 149.1 171.6

60




dB 5
1B R R L R R R R SRR
1337 -----------------------------------------------
1337 ----------------------
: (60Hz)
13- ----------------------
1307 - ---------------------
128 - —————————————————————
128 ------------ ----------------------
oD T i
Bl 4-11 & $3E 7 V- R
% 4-6 X i Tt R A
TT FF FS SF SS
CMRR (dB) 135 156 134 132 124
PRt SR T R AR Y UMCO0NM BAE 0 B 4-12 5 AT RO P T AR o Ra

L 147x111 mm® > FEG A 5 1.09%0.79mm® ok stenge i L 4 49 .

% 4-7 # %ﬁ ME IR A E A

Signal BW(Hz) IRN(1tVms)
EEG 0.5~100 1.25
ECG 0.5~100 1.25
EMG 10~1000 3.95
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% 4-8 7 F ) 4= 4
Power(y W)

BIAS 0.68

1A 1.31

PGA 0.74
PREA 0.60
Total 3.33
Total(no bias) 2.65
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$ueg 05VH!THEFHMITEXS (2)

4049 BT RAR AL

Spec. Value Unit
Supply Voltage 0.5 \Y/
Supply Current 5.3 M A

Power 2.65 W

Gain 28~78 dB

NEF 9.7/7.51

Input-referred Noise 125.8 n\%ﬁ

Density(0.5~1kHz)

THD <1 %
CMRR(60Hz) >110 dB
High Pass -3 dB frequency 0.5 Hz
Low Pass -3 dB frequency 1k Hz
AFE SFDR 66.4 dB
Chip size 147 x1.11 mm?
Core area 1.09 x 0.79 mm?
Technology 90 nm

NEF: Noise Efficient Factor

2 Itot
-V, -4KT -BW

NEF :Vni,rms \/
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1: Agilent 54832D Mixed-Signal Infiniium Oscilloscope

2: Agilent E3610A 30 W Power Supply, 8V, 3A or 15V, 2A
3: KEITHLEY 2400 General-Purpose Source Meter

4: Tektronix AFG 3022B

5: 33250A Function / Arbitrary Waveform Generator, 80MHz
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Rcquisition is siopped.
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@l 5-20 ECG # ! 3 5L(111) £ il B (47 % 1KHz)
2 51w AR5t i H F s BRRIA
Mode Gain Gain(dB) SFDR(dB) | SFDR(dB) Current
(Spec, dB) (Measured) (New) (nA)
Chipl 000 -6 -6.8 33.6 65.4 1.99
100 0 -0.6 36.0 67.8
101 6 5.1 35.3 67.1
110 12 10.5 28.8 60.8
111 18 14.6 27.2 59.0
Chip2 000 -6 -6.2 36.8 68.6 1.59
100 0 -0.7 38.3 70.1
101 6 4.9 34.2 66.0
110 12 10.2 334 65.2
111 18 15.5 21.8 53.6

PS. #ij » $L8.57Vpp 5 8299 mV > SFDR 3 31.8dB -
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B A 5 0.49mm’

E
A

1 @}Fﬁei{;’;\w B0 B ATLY T R LR R Ao T

8.42uA » #y » p #5230 5 0.36p\Vrms (100Hz) - T &

# 53 fpvt i TR LR A
Spec. Tim Denison, R.F. R.F. X.Zou L.Yan, This work This work
JSSC 07[11] Yazicioglu, Yazicioglu, Y.Lian H.Jun Yoo (simulation) | (measurement)

JSSC 07[9] JSSC 08[10] JSSC 09[14] JSSC 10[15] (PGA)
Supply Voltage 1.8~3.3V 3V 3V v 3V 0.5V 0.5V
Supply Current 1.0p A 11.1p A 3.6p A 337 nA 1.66p A 8.42u A 1.99u A
Power 1.455mw 33.3u W 10.8y W 0.33uy W 54 W 4.21p W 0.99p W
Gain 41~50.5 dB 51~67dB 72~81dB 45~60dB 58~70dB 26~66 dB -6.8~14.6 dB
NEF 4.6 4.7 43 3.26 31 3.26/2.77 NA
Dynamic Range 50.5 dB 67 dB 81dB 60 dB 60 dB 66 dB NA
Input-referred 0.95p V 0.57u V 0.59p V. 1.16p V 0.51p V 0.36u V NA
Noise RMS (100Hz) (100Hz) (100Hz) (100Hz) (100Hz) (100Hz)
High Pass -3 dB 0.05 Hz 0.5 Hz, 0.5 Hz, 4.5m Hz, 0.5 Hz, 0.5 Hz NA
frequency 10 Hz
Low Pass -3 dB 180 Hz >150 Hz 675 Hz 292 Hz 625 Hz 1 kHz NA
frequency
Core area NA 1.95 mm’ 17.55 mm? 1mm’ 2.6 mm? 0.49 mm’ 0.49 MM’

(8-channel)

Technology 08 pm 05 um 05 um 035 ym 0.18 y m 90 nm 90 nm
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