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(3) BCG RGEA IR X

B 13:  ECG it & B i 4 Al

14 Ultra Low Power, 18 bit Precision ECG Data Acquisition System ZHCUO75-June 2013
fiAe 2013, fFEM{XEE (TD) AF]
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3.1 EEIELRFFN Gy B

Rs1 Rs2 VinP
i AVAY A% >
o1
[ p— oL
c 1 O
Y N
J_T 8 o
=z L + | =
o i
Rs3 VinN
i AVAY A% >
Rs4

B 14:  &HXF ECG HImHIRIAIRBLA LR

fERZ0 (1 - 3), Ar#ER) RSL, RS2, RS3 1 RS4 HME, wJvHEH o AR 4 2H 3 i N AR B JE Ik 28
T ECG 736 KZIN 200Hz, MRH#EE 1, (RIBEHUESRARALT 2kHz DAEJERE S AT N ECG 55
PEAR . A, 2R 3 B RSL, RS2 A1 CD TR ZE S JEN RS D 4, FATATLLN CF1, CF2,
CF3, CF4 $57 100pF MIknE E, XZaH T UL R

1

1
f = =
¢ 2nfRyR,CrCry  2my/50KQ @ 50k o 100pF o 100pF

FTCL, 4 JLRLuE D S B LR s e o 32kHz I, ZEA#EUEAR (f) BUEREEW T
1 f.

=32kHz 27

fD = = =3.2kHz (28)
21J(Rgy +Re2JCp 10
FH G PPAELUR SR
1
Cp = =2nF (29)
2n1/iRs1 +Rgo ’_fD
ZHCUO75-June 2013 Ultra Low Power, 18 bit Precision ECG Data Acquisition System 15
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3.2 WRFEHUKXH

AT R RS . MRS DL A ThFE, OPA333 ik At INA FIEUK#ES.  7E Table 5 HF|H T/1f
FHIXAS INA FhAhSsmsh s,

#+ 5: O0PA2333 INA A% / BREICE

R 0PA2333 “Tran-Z” FCEMIRSH
[ N * e HINWME R = 200pA, I BRI LB AR RN R RS iR 2
NGV * fRF: BN LT 7 5] A A A R BN
B FE IR 75 * A%, MAFEWSEF = 50nV/ VHz, 1/f MR = 1.1uVpp
CMRR S535i% * R XFTHECKHE, {E 60Hz BN 90dB
REL 1235 25 DU it Bt B T A DT D B e 2
B R R TS * % 0.05uV/° C
HEFEE * gk RAEEPBPEARL (1/0) 1 3.3V 81T
[ E * fRfh: FASHR = EE 17eA
WANRE * R g%t BMI/ RFT BHUIREEMITRAG, 5 WiERE SBOZ004A
ol v * fR#h: HHAZESFH A TTEGE ADC Fiy N b B AT g 7S )
3.3 LRI A
BT RLD JBUR SR B A B0 22 TINA-TI™ SPICE. BT, IGMEmZE, ., DAt
A FFMas (AOL) FIRBEF (1/B8) X mi ERAE#EZE,
ANER T, B — IR ERZFRREME, DU &R ICh R
Stable = AOL; - 1 §—20£ (30)
© \BJs dec
ERFE e, MXHMER Figure 15 Al sEERAT AOL fhgk, X RLD IXzhgsmokds (1/8) MIAMERIAEG
AT b, IXEEgERLEIR fcl = 50kHz B, AOL 5 1/B HHZR7E -40dB/dec WM EAHZE. Kk, RLD
TR A8 75 B — MM TR AR AE 1/ 8 iR BRI,
16 Ultra Low Power, 18 bit Precision ECG Data Acquisition System ZHCUO75-June 2013

iAo 2013, FEMALEE (T1) A7



13 TEXAS
INSTRUMENTS

www. ti. com

47n
Rs1 50k Rs2 50k
| A L WA RG1125k
o
S a
52k o 48
A 5 &L £
47n & 8 T
= S — o
s = S
S : :
5 Tz
52 Rs3 50k © &
—A\V- a%% AN
Rs4 50k RG2 12.5k
47n 3
__i f_
4 Rs5 100k
—\VW—
52 Vref

K& 15:

<
Q
o

T VGt

Al

FBRIRR) (CEAMZ) BB

Gain (dB)

_____

H RC (Integrator) \ HEN
Feedback Contribution «=rrrr—=—t—>p"
T

to 1/p

Open Lolop Gain ofl "
RLD Amplifier

-

N
N

.....

Set New Cutoff for 1/8

: E E with Integrator Feedback EE

ROC > -20dB/decade = |
- Unstable

1 i
]

B 16:

R
1k
Frequency (Hz)

10k 100k

AOL 58 R-AFEEMN 1/Beta 2[RRI L E

V233

1/B (Feedback) of Body
Electrode Impedance,
Filtering, and INA
around RLD Amplifier

New ROC < -20dB/decade

1M

Figure 16 FHIEL S B HELE RLD ORI —NEEE R A Co 2R GEW Figure 17) .

WEFTR, N TR RGREE, A 0 Z ORI A2 B AR SO R B 45, IXFE,
#ifk f. 5 AOL HHZRRIEEES 2=/ AR5 .

B RAIHTT 5 AOL HHZAHAZ -
TSI R AL, s R AR RE

E‘]ﬁ}/ﬁ$ (fkw) yf] 8kHz,

PR 1 55 1 58 S il 2281 BT 7 RO BR AR JEE
WA 10kQ A1 2nF FIFRAE(E 1S H DL R4

ERENSTE —20dB/dec
XA R R N
R, MR

1
fRLD - = 8kHZ (31)
2nRR1Crri1
17

ZHCUO75-June 2013

Ultra Low Power, 18 bit Precision ECG Data Acquisition System
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FENTR BIR 17 SBoR 7 AME SR

U1A OPA333

C247n
o
o
18 s
R1 52k S 13
L c e
O Sy =
j— o RF1 30k
C147n s 8
p— o p— 8
’ ~ ’ o RF2 30k
[T —_ -
52k Rs3 50k AIA" s}
—A\ W A%% A'%%
3471 Rs4 50k RG2 10k
— U1B OPA333
AAA RG 10M
AN
Rs5 100k
RR110k  CR12n VoD
R2 52k Vref
VDD
L
=V233
+VG1 I

B 17:

(87N

HAREMAMER RLD AR R

)5, Figure 18 #iih RR1 1 CR1 §4mi 1/8 miZekr=E—//NT -20dB/dec

A T R — MR E S

120.00
E

Gain (dB)

40.00—

LiaL
R

2000

[N
"

New Composite 1/
' (Feedback) with Integrator

Open Loop Gain of
RLD Amplifier

y

" ROC<-20dB/

decade .

-20.00 %

10

100

1k

10k

100k

™

Frequency (Hz)

18: AOL 5ERARREMN 1/Beta Z[AIRAK LR

Ultra Low Power, 18 bit Precision ECG Data Acquisition System ZHCUO75-June 2013

iAo 2013, FEMALEE (T1) A7

18



13 TEXAS
INSTRUMENTS

www. ti. com

34 Ve A + AISIEE + ADC (BBICIIFE SAR ADC HEH)

R17 1k

NN
VREFT _L
( RB1 10K ) Rreft 4.7 f .
AN = = REF33303.3
J = I
CB1 10n| S E
_— < -
Riso1 1k IO
——\M— =
U2 OPA3S33 REFP AVD] +
DD L CN
. - AINP ACq— J1 CONV
Vin SampleX E 1 ADS8881
1T AINPsmp) =
N AINM
VRLD 1.5= I_ A|NMsmpE\7j Vin_sh
I U3 OPA333 U19 ads8881 GND
Wy l VDD
- Riso2 1k . —
V133 =
~ CB210 I
I
1
VAN -
RB2 10k
B 19: HARIREE
Table 6 Z5H THUH SLAUS14 TAOMEEL, Hrpghh 17 v N IR SN a5 Bhide 2044 0 vE4H i 72
R 6:  WARSBREEBHAMSERRER

R

M REF3330 = 3V A gsr v, Jul.
IR ER I H R A A 2= A

g5 100mV FIE IR 2SRRI OPA2333

Vi YEE i, 3V - 1000mV = 2.9V,

{EH ADS8881 RAFLRFFH A MIME, Cs = 59pF, FHA 17:
20 x 59pF = 1.2nF.

%%Eﬁ?‘éﬁ%g (CF) Cr= 20 x Ca =

NP R A A, R ME[E:  C= 4. ToF.  S3Ah—RERS MR

C & FEAIHIEMES 10nF, {HZXTT C0G, A% 2 A )il
C: KA HFE—E XTR BREH COG . XTR 1 FFT 94 Bk, XRAFNER
* BE * C EREE N B s AR AL T AE AL

YRR (Risol, Riso2)
Rio 1&

st BHPTICES, &S 1kQ HFH{H, 10kQ HFA{E<HE T CDAC 78 HIERL
F 2 PR sk AT A THD ERE, 0 100k Q@ HEFHAE 2 b FF8 e o in) A i =4
Risol = Riso2 = 1k Q.

OPA2333 HI R IR uET: 2

M5 Ra MEAEM (if L Figure 11: SAR ADC Input Driver) , HHFHZAR
#fﬁﬁ)\%%ﬂﬁﬁﬁﬂﬁﬁfgﬁﬁ Re: = Rez = 10k Q, }i‘ﬂ Cs = Cp = 10nF , U\ﬁl?
j:# R\snl! Rich

ZHCUO75-June 2013

Ultra Low Power, 18 bit Precision ECG Data Acquisition System
iAo 2013, FEMAXEE (TI) AF]
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3.6 TV HEYHF

( 7
R17 1k
VREF MWy _L
T 2 REF3330 3.3
3
Rref1 4.7 =
RB1 10k . .
A% < £
3
| | —8
CB1 10n| 2 .
- T3
Riso1 1k L J
—AAAN—
VDD
V2 OPASSS REFP AVDD .
CN
+ < AINP ACG— J1 CONV
Vin Sampi9X ¥ ADS8881
_ °T AINPsmp -
AINM
AINMsmpE\Dﬂ Vin_sh
U3 OPA333 U19 ads8881
VDD
Riso2 1k L L
V133 =
~ cB210 I
VWA =
RB2 10k
B 20: ZSERIFGBEE

Table 7 #5H THUH SLAUS1IA HHROMEEL, Hrhgh 7 A% NIRED 2 ik 44k i g 72

® T:

R HAENSEICE

R

R PR B A

M SLAUS14 HJ%5 20 Tk 5 thik$ REF3330 (REF3325 K 3.0V JR4&) #75,
HIFREHEIIFE (I, = 5HA) A1 RMS [NKRMES (MRS PP/ 6.6 = 10MVRMS) ,
KT ADSS881 ] RMS M) (35HVRMS) .  IbAL, 3V EERE T K AJEEAZ
HMCER SNR.

HEIEFE (R Ml Co)

TARF=AERIE S ADC RMS MEFSK) 1/3.
WE fo= 16Hz

jﬁﬁ Ru = 10kQ FH Cu = 1HF

RFTERE LA (Ceord)

BAAER 13, BE ADS8881 IKAEZH A 10ksps, Cen = 22KF,
SIS BN I AT M ADSS881 RS A 45

HEN ADC HeifE

HEIRE A

Mt OPA3L3 fMISSEIBURAS, LR IIFEIR, HE2RA LR (1Miz)
N Cn fH7EH, FEHEALUEHHEAEAEIE (Fik InF RRERD VR
DR EREERR T (Rien) o

RS BEHAHM Ren)

A% 14, BAUEA fue = 10ksps, Con = 22HF R Ron = 4Q.,
®E 4.70 KBEITRMEE.

20

Ultra Low Power, 18 bit Precision ECG Data Acquisition System
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3.6 JFEMR (INA) IRIEIENAE

INA 28 22 Ja WX AN TRT BE . — MG B SE I8 2% 10 32 2 FH 0 A2 K 1 75 il 2D BAH X T ADC BRB)A . H N DK B &%
52 UR ) 2% L B et 7 i 4 RS PR /KF-. R T SEILX —H I, A DLEFHRM %0 21-25, £ NI
Table 8 FZGH | —MEE .

VDD

C2 47n

2 U1A OPA33

RLP1 10k
2'A%%

Rs1 50k Rs2 50k .
MV 2

VA

4

:

RG1 10k

|
I

N

o o
8 g
% =L g RF1 30k N 8
g 9T - - AN e_INA T X e_INA_Fitered
= ] =& =l RF2 30k ) °
. = 3 T
T (uj S-) 1 g 3
Rs3 50k Rs4 50k 4
s s & B , RLP2 10k
AV
“[  UIB OPA33
RR110k ~ CR12n NS115
VDD
VDD
RG 10M S
v +
VREF + =Vv233
VG1

RD3 1M RD1 1M

B 21: JEEMRERASHE AR

50.00u—
43.75u—
37.50u—
; i e_INA RMS Noise Output
= 31.25u—
o i
0 ]
g 25.00u— Target Vout_Filtered RMS
= i Noise Output = 8uV RMS
E 18.75u { Actual e_INA_Filtered RMS
- Noise Output = 4uV RMS
12.50u— %
6.25u
0.0047—%—?7" I \\\HH‘ I \HHH‘ I \\\HH‘ I \HHH‘ I \\\HH‘
1 10 100 1k 10k 100k 1M

Frequency (Hz)

B 22: INA HIZidy8 RMS WRpS phZR &

ZHCUO75-June 2013 Ultra Low Power, 18 bit Precision ECG Data Acquisition System 21
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R 8 AEEMRIRIEERES AL ER
8 R

WsE INA RUSAOZESE RMS fH

(eINAjiltered)

A& 21 (INA MEFEFRT ADC BREh2FMEAE AT « A% 22 Fif
©1NA_filtered — ec\l)('/ 3 = 25 uVRMS / 3 = 8uVRMS

#P& RLP1 = RLP2 = 10kQ JfHATH TINA SPICE B H Co KA e rinera <
8 LVRMS (i Figure 22) Cp = 50nF FAAEEFM AR e =
4 uVRMS

i TINA SPICE S¥a#iskE
RLPI! RLP2 *u CLP

4 HPE
41 B ECC BEESHEH
BRIE— BECG 55, B BFE-TMEEE, FFHIEEEAN “oBR&rt” BE588,

ECGp - Voltage Generator PS
Label ECGp
Footprint Name JP100 [VG) 0l
Parameters [Parameters]
DC Level [V] ] Ll

[ Signal Piecewize inear =
Intemal resistance [Ohm] 0 O
10 state |nput
Fault Maone
\/ QK. | x Cancel | ? Help |

B/ 23: BB 1. AR ECC HEH
22 Ultra Low Power, 18 bit Precision ECG Data Acquisition System ZHCUO75-June 2013
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T2, ERERPOETTR ECC F5, I Hild i Bk IR B 3 S mORE HREIE E19
FHRAR B i 6

—HEH

0 0

0.008 0. 000015
0.016 0. 00004
0. 024 0. 000055
0.032 0. 00007
0. 04 0. 000075

0. 048 0. 00007
0. 056 0. 000055
0. 064 0. 00004
0.072 0. 000025
0. 08 0. 00001

0.088 0

0. 096 0

0. 104 0

0.112 0

0.120

0.128 0

0. 136 0

0. 144 0

0. 152 0

0.160

0. 17 -0. 000015

0. 18 =0. 00003

0. 19 -0. 000045

0.215 0. 00075
0.23-0.00015

0.245 0

0. 385 0

0.403 0. 000015
0.421 0. 00005
0.439 0. 00008
0. 457 0. 000095
0.475 0. 0001
0.493 0. 000095
0.511 0. 00008
0.529 0. 00005
0. 547 0. 000015
0. 565 0

0. 605 0

0.615 0. 0000075
0.625 0. 000015
0.635 0. 0000075
0. 645 0

0.725 0
HEAE

&3 Signal Editor

L\ [=pa Pv‘\ Pcr\ %v\ P[P W‘M

0

o008 .000015

-0le -00004

-0z24 -000055

.03z .00007

-04 -000075 -

2

Successfully compiled

Mlin: -150u M 725m Line: 1 Cal: 1 Test enu
\/ Qg x Cancel | ? Help |

B 24: $8B 2. A& ECG EJEIR

W DD DoOooo
coooo

il

ZHCUO75-June 2013 Ultra Low Power, 18 bit Precision ECG Data Acquisition System
iAo 2013, FEMAXEE (TI) AF]
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RB1 10k
||
11
VDD CB110n
C247n 3 U1A OPA333 )
. Riso1 1k
Rs1 50k Rs2 50k \ RLP1 10k —\\VN—
j_ . S S " VVVv—eq U2A OPA333
S =
8 S 5 = VDD
T o £ ¥~ €« A% ,—
_L_. o n_—- © RF1 30k s S
s O b ~ AN - - L
= 18 L5118 RF2 30k s T VOULINAX & ==
—_— - 4 o — d (@]
L o — Q
Rs350k | O Rs4 50k o & 4 i RLP2 10k \
1 U2B OPA333
§ 1% b
~ 3 RR1 10k CR12n U1B OPA333 Riso2 1k
&« _/\/\/\,_| VDD
||
10
L A
Rs5 100K RB2 10k
U4 OPA333 w S
o
('8
18
B 25: BES ECG BB EEE
w4, EIXEA M ECG (55 MBS
5.78m ‘ ‘
ECG Output Post Gain l
4.07m— : (Vout_INA) S -1
E 7 1 1 1
g [ ECG Differential Inputs [
8§ 23m-f - 1 (VilP-VinN)  ~ "~~~ Eoooooooe T
S | |
> ] | |
629.19u—+ ¢ "IN - HFFIN - P 1
-1.09m T o i T ‘ T i T o
0.00 250.00m 500.00m 750.00m 1.00
Time (s)
B 26: ECG Fi, prEMEEMER
24 Ultra Low Power, 18 bit Precision ECG Data Acquisition System ZHCUO75-June 2013
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4.2 BRYHEAFIE (REHTHIY) SHEFEIRF

VDD
C247n 3PN U9-A OPA333
Rs1 50k Rs2 50k . !
R1 52k _L 8VV\’ A 3 gl
* C147n , O o~ © X Vout_INA
<3 d i~ AN -
(— J—‘___§ ° J—? S RF2 30k J
52k Rs3 50k & Rs4 50k g T & 4
. A% A%
X J_,E 3
§ 5 RR1 10k CR12n
VREF
RG 10M VDD
A
VREF l" va«s
Rs5 100k =V133
RD3 1M RD1 1M I I
U4 OPA333 -
B 27: CMRR SR AERIIRR
Without RLD
0.00— CMRR = -38dB @ 60Hz
-20.00
] v e
-40.00
-6o.oof
) ]
S -80.00
£ ]
© . ]
S 100.00 ]
-120.00— With RLD
:I CMRR = -80dB @ 60Hz
-140.00—
-160.00
'180-007 \\\\‘ \\\\‘ \\\\\\‘
1 10 100

Frequency (Hz)

K 28:

CMRR Hi£eH, HABREH AR

1k

ZHCUO75-June 2013
iAo 2013, FEMALEE (T1) A7
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R9: BHULERTEBRMHCER

BHS% TR

(1155 VDD SR IBEIHLEREL, (B ADC 7E 10Kksps I HIAUETh =
Th#e (u) 55uW , P, = 550MW

FEEAHIEL (dB) (CMRR @ 60Hz) fEBhFRAR L, CMRR = -80dB

5 EIRIEEEMR (PCB) #it / fi/BAiLk
TERIHXA ECG RSG5l PCB A1 R A4 TR B e 5 /N oek i

(1) DA KPR AR5 Sk 420k, W R JEME (OPA313, U10) R4k, LA KPR /> 2 S8 A e
P R0 2 L IR

(2) K NIXsh L (0PA2333, U2) RATREH B ST A E b, LR KPR FE M /D IR B A, A
T S BB A F A SR A 2 SR 1] EMI/RF T

(3) e KPR EHbIE /NN RC IR UL B AR CGEiLE—ie) , JFHR A Reb ST s A INA (OPA2333,
UL) DABCRPRFZ /N EMI/RFT FRUKE

(4) Wk E BCG 55 (iR A ML, B EETIRB 48 A

(5) WIRATREME, & INA (OPA2333, Ul) L i~ sl B R Z R BT EOIRAS . 7RIS s B3
A2 FE R E T

B 29: PCB AfijRfisk

26 Ultra Low Power, 18 bit Precision ECG Data Acquisition System ZHCUO75-June 2013
iAo 2013, FEMAXEE (TI) AF]



13 TEXAS
INSTRUMENTS

www. ti. com

6 KUE & WEKHERE
ME ECC RAMREFEIEF MG SR MR R AR ETCREMFERENE. B WS EuE I
H Figure 30 "HE/RHIKE.

10MHz Reference
100MHz Syst
Clockfor Phase Lock SRS CG635 C|EC|ZS o
Clock €
l Generator J
_ \ National
Agilent33522 Instruments
Signal PXI-6542,
Generator 50MHz SPI
— .' A

R Ultra Low Power
N ECG System

B 30: &%t ECC RINFERZANFREENE

6.1 #IX1 RMS BRFESHIE i WM
BN S TR R A BRIRS) O SR — R B RMS Mg, Pyf Az (M0C) ARFRER
Rte, MtrHEZAH TEEFKAET B, AR5, @id5 ADC B LSB (221V) FHIERGIX Lbm iy VRMS,
Figure 31 P E/RIIERHREM Table 10 B HIMEE I 2%,

R23 1k
5
c181n
VREF U16 REF3330
RB1 10k
Short Inputs together, VWY
keep RLD connected 1
/ VDD _ CB110n| £
|
/ - ~
// N U1A OPA333 Riso1 1k I VDD I
g / % Rs150k Rs2 50k RLP1 10k ——\\V\— - T
x +
Al YWY = g VW87 U2A OPA333
-L 5] 3 5 = VDD U19 adsass1 / REFP AvDI} conv
~ c s = AN o
~ w T
S [ © RF1 30k s £ AINP acdi— 1
o 0 -t — -
Q 3 Vin Sample N
= 8 -I—?‘ = RF2 30k 5T ? X 5T ARSsssl
E D— S T © AINM INPsm|
p—
Rs350k | © Rs450k o] « AN — VDD
VW VY ANA 2 U1B OPA333 iy Vin_sh
A
P —A—
RR1 10k CR12n U1 OPA333 Riso2 1k
VDD
= CB210 L e — ;
_| |_ i
|
A |
I
RB2 10k I
Measure DC Signal at
10ksps

B 31. AFHERRE (1.59) KERERENRHER

Ultra Low Power, 18 bit Precision ECG Data Acquisition System 27

ZHCUO75-June 2013
iAo 2013, FEMALEE (T1) A7



i3 TExAs
INSTRUMENTS

www. ti. com

8000

7000
Mean Output Code:
207.67
6000 Standard Deviation:

1.77
5000
4000
3000
2000
1000 I
- | -

201 202 203 204 207 212 213 214
Codes

A 32: RLD Wi = 1.5V if (FER) , ERERERENNEESE
ADS8881 (18 fir) ff] ADC LSB it+# k.

Output

(=]

20 Vier 6V
ADC\gp = N g o8 g 22.8uV (32)
B HACS (MOC) #5450y VRMS:
Vostset =MOC ¢ ADC g5 (33)
FEAREZE #4609 VRS
€rms =0 *ADC g5 (34)
){% Voffset %Tﬁjﬁiﬁ]\%])\{ﬁ%g (VUSanut):
Vor
VOS_Input = K}Qﬁt (35)

SRS RVC RS L Table 10:
£ 10:. HRMBARELSRILE

Z2H Hhr HirE WEE i EAE
P 4R (MOC) * * 207 *
R B E v * 4. 55mV *
RMS BRFE (E) 1 VRMS 40 38.7 *
PASHRA (ERD 1 VRMS 11.5 9.68 4
28 Ultra Low Power, 18 bit Precision ECG Data Acquisition System ZHCUO75-June 2013
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6.2 100Hz RF1H9 SNR Ji
fEHAER 8, WIFFH SNR FI#% FSRiH5L 100Hz ) RMS M7 .

%% 9, A& H 100Hz BF ADC [ RMS M.

x 11:

SNR(dB) = 20logy, 3V/\/§ (36)
€abnc
3V
Ganc = 92, ) bV 37

\/5-[10 20

)

R PR A RIC B

e BAL H AR E WEAE i BAE
RMS M (100Hz) u VRMS 60 52 *
WMASE¥RA (100Hz) 1 VRMS 15 13 10
(=L A
(SNR @ 100Hz) dB 90 89.9 *

6.3 RLD ZEERIHI CMRR Jixk (60Hz)
SEILAG A 1Vpp, 60Hz JEHUIAG S 52 A MAKI A 2 (Figure 33) JEHAE 10ksps IRFE

ADS8881 Kill& CMRR.

ECG Signal Source

Inserted in RLD Feedback
Loop, set to 1Vpp @ 60Hz

Rs1 50k

Rs2 50k
A

VDD

RG1 10k

RG2 10k

|
| _L Wy
|
o o
| s 8
* """""" & £l I
4 o Q— ©
: s ©
; - S =
i - e
: s © T
| Rs3 50k O Rs4 50k e
5 AWV
+
RR110k  CR12n
,,,,,,,,,,,,,,,,,,,,,,,, RG 10M
AMA
WA,

RD3 1M

RD11M

VREF

K& 33:

R U1AOPA333 4N
-
! RLP1 10k AN —
g VW U2A OPA333
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o cowvi
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Figure 34 FHAGHRIRE R n IR 33 rp gl de i il 45 A A QRS ™ & o RMs f) “FrifEze” EHIRITE
NG B (VOS) (EHISRIHEL CMRR) FI321k.

w0 Mean = -297.74

Std Dev = 240.55

250

200

Counts

150

100

-600 550 -500 450 400 -350 -300 -250 -200 -150 -100 -50 0 50

code =

B 34: RLD IKzhiEEERT, 1Vpp, 60Hz HIRREY R

H 48 2 % 70 A O A% AR A P AR N ST (RMS) i A% HL s -
_ orus _ (240.55)e 22,8,V

AV, =1.37TmV (38)
%% ™ Gain 4
UEE AR B VA FaT AT 5 L TR % 49 VRUS :
AV, (RMS) Vingy _ Vep 3535V (39)
CM 2\/5 2\/5
BUFE, CMRR AIHit5 N :
CMRRgy, (dB) = —20logyq AVou (40)
CMRR gy, (dB) = -48.2dB (a1)
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6.4 & RLD ZEZRTHI CURR Ji (60Hz)
AT EM, CMRR W40 Figure 35 WHEIRHIFABFELE RLD Wi ik

R23 1k
AN
c181n
VREF ) U16 REF3330
' RB1 10k oot m|-4voD
ECG Signal Source A Rref1 4.7 B
Connected to shorted Il Tz s
inputs with Vbias = o . CB110n L g uloorass - = I Y
1.5V, 1Vpp @ 60Hz ® % ==
] s U1AOPA333 Risol 1k o VDD o
! * 1 = ceesecsescectWiecesccscsceascascenes,
i Rs150k Rs2 50k . RLP1 10k —\\N\—F ; ;
i =] U2A OPA333 ; )
i g S 5 = VDD U19 ads8881 REAP Al Cony
| - - e f— ['4 A CNV
1 & o~ 5 RF\q\g\Sk : d e Gl Acq—J1 |
L 8 5] T,__<g s RF\g\g\(‘;k E o Vin Sample _)( i ADS8881 ’
b L o = o © AINPsmpl|
& Red 50k - 4 VDD M p
Rs3 50k s o) RLP2 10k 3 AN Vin_sh
3 U1B OPA333 & =
.
3 1 5 AAA S B
("D VCM U1 OPA333 4 Riso2 1k t
VDD 3
T, e —  Data Captured with
........................ I sampling rate =
VAL 10ksps
L RB2 10k
B 35: JG RLD EYHy CMRR WAL
R RIR B 2 R — AN R bR#EZE, ROR CMRR #E—P R (5. Figure 36)
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@ 12000
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B 36: G RLD BY CMRR #iX (1Vpp @ 60Hz) FIMRAGH f&
CMRR gy, (dB) = —37.62dB (42)
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6.5 CURR M AT

FERXAN BT, AETFRIEAKE ZZ 0 INA oY o b Y B B B AR I SZAE B PEE N . SEBR
b H TR AR, SR S SN DB R R, A DL N TR B R 2
Testing CMRR = Vary

VCM and Measure
Change in Vout
1

VinP

RG1

:
:\/

A Change in Vout with VCM is
AVCM ——o —— VREF/2 a reflection of changing Input-

¢
A
%
-

NN Referred Offset Voltage,
RF2 reflected as CMRR
;
RG2 /,’
AN \ J
VoutN
.
VinN |

B 37: BEonEFHBRICEA Y INA L6408
R EER 37, Hodh AR BOR S AL R B R R

R
Vour = (Ach = VRrer/2 )' RH +AVqn (43)
G1
R
Voun = (Ach = VRer/2 )' Ri +AVem (44)
G2

ﬁ[l% Rt = R ﬁﬂ Rei = Rezs ﬁﬁ&é%ﬁ CMRR iﬂnﬁ%é:){%yg 2 /l\ﬁﬂlj(%%lﬁ‘]ﬁ CMRR élﬂil: o éj\*ﬁ;ﬁmj.ﬁai%?é
RO e 7 7 2l — AN TINA-TI™ SPICE HRZREFRig /. BIR xx BRHUAT CMRR BHLAIIL
HLEGs RS FLBH SR I WIIATH S2 A e 1%, BFARRSE 1000, JF H¥AA—ANmmliofh.

ECG Discrete Front End INA
VDD
. U2 OPA333
1
o 4
S
o ’_I VDD
RF1 30k +

vem _LF - X Vout_INA L
° RF2 30k - = w133
by !
3 a 1
X 4 1

¥
3
VRL1.5=
U1 OPA333
VDD
Bl 38: CMRR FEPEAEAILECYGE A
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M Figure 39 A DURBIEIA H, EXEHEES T, RIE 1% RALRHSHHERIT CMRR HITERE,
FERXME T HPMEN -29.9dB! XAADLEGR K ZH0 CMRR HRAERTRA ;s BRI, AR TR 32 E 22
ORI BE AR, AN ECG {5 S EER A CMRR 72 ELKE M .
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B 39:  4&1%F Res Rees Res Ree B 1% FEPHZSTH 2SR RIZ O

£25%F CMRR 72 B KM I — N BAE U4 Rey Reos R F Ree MUMHAZAEAN 1% Bk 3] . 01%.  WITE
Figure 40 FEBIMEM . 01% M ZAEN 28 CVRR 704, FEBhTIX A A BH N 32 MR ik, SE3l -70dB
1) CMRR HAFMEAAFE MBS,  Table 12 Y& 7 RA ARG 75 ¥ B B PH AR 32 {E ¥ CMRR.

372 p—

335
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B 40: &%t Res Rees Res Ree Y . 01% FEPHTH S21H K SREERIROHT

¥ 1% HmHBECAER “563%” ILEM MBS, 7 Figure 33 THIHEET{HH—1 1Vpp, 60Hz {553k
MR CMRR. BT/ TIRZ, N THEEL SNR, HUE A FFT (A - SNR, IXFmILiism A=
SN HISEBRI R /NTER) KB CMRR.
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50
40 SNR =-15.56dB
Power in 1Vpp, 60Hz Std dev = 1.35
30 <« —-—-—.—.— Common Mode Input
20 Signal
10
0
=10
-20
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-40
-50
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0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Bl 41: 278 1Vpp, 60Hz FLHEREESTHEEM FFT

A Figure 41 HRIbriEZE, %X 34, D& Mm% 32 AHM LSB = 22.8uV, RMS BEJE AT #1HE N

EHE 45 FIRIGH ens [H, PHEEHEXAMERNEX 36, FH SNR, M Figure 41 FHEHUSLPRIN

RMS M5 I,

erms =0 ¢ ADC, g5 =1.35022.8uV = 30.9pVRMS (46)
fEAIXAS RMS MRS, DURNEEUHE FHREEHC RS (S 5 EAE:
SNR(dB) = 20|og10[%J 47
€RrmMS
SR 47, FHSFERMA (WAL 4 Gl ) -
SNR(dB)
€Rrvs ‘[10 20 J
AVOS = =1.28uVRMS
60Hz Gain |
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A0 46 A1 48 HIZEIR, PIEW THEH CMRR:

CMRR(dB) = 20Iog10[

AVOSgo, J _

IN6oHz

=-108dB

R 12: BBREEMHEGHMENZE CMRR WELERR
e BAL H A E WEAE i BAE
CMRR (60Hz), 5E3<ULFC dB -90 -108 -80
CMRR (60Hz), .01% VLHe dB -70 -67 -69
CMRR (60Hz), 1% VLR dB * -48.2 -35
7 B
7.1 BH INA #T
] DL Ag R AN LT AR 1R O RS IR FE BRSO IS I INASSS [URTEE R — NS ER B INA. X RE SRR LE )

GRS R SRS VAR RS, FTCL, THREMAMBA RA R Al Reo
¥ Z A NG S HEBON RS S, X EWER A S ZRIMNE AR AR, MEZSRES, "UIR
e, INA333 i B—ANIEUE g 28 ok B i m A 2 rp e .

7 5 MK AN S B AR 1

C247n

Rs1 50k Rs2 50k

NN

ECGp

Y ECGn C147n

RG1 10k

RG2 10k

VCC VR

Rs5 100k

B 42:

2158 .EA INA333 [ ECG Ri%R

{FERIXA INA AR 2 2

Vout
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7.2 £, EZiBE ECC KIEFFRERG (DAS) HH

BRSO AR T RS —2H [ 5 1) R e B SR e I ThRE . SRAEAL IR ThAE .
KR RGBT BAUT IR ADS1292.

— A DA K R ECG HudfE

ADS129x RN F AR Bt — AN A AT iy n) g A2 3 23 UK A (PGA) ,
RL IRBNHRES, WEBIERThaE, SEEMZRAIA—A 24 [ EFEFE#H28. Table 13 FH T ADS129x £ 741

LA
ECG DAS #4431%

B4 SEE (B | BCG DAS BEFIE | HAEEK mﬁiﬁ?ﬁ)
ADS1291 24 8kSPS 1 0.35
ADS1292 24 8kSPS 2 0.7
ADS1294 24 32kSPS 4 3
ADS1293 24 25. 6kSPS 3 0.9
ADS1296 24 32kSPS 6 5.3
ADS1296R 24 32kSPS 6 5.3
ADS1298 24 32kSPS 8
ADS1298R 24 32kSPS 8
ADS1299 24 15kSPS 8 40
ADS1191 16 8kSPS 1 0. 335
ADS1192 16 8kSPS 2 0.67
ADS1194 16 8kSPS 4 3
ADS1196 16 8kSPS 6 3.6
ADS1198 16 8kSPS 8 4.3

XTI BCG HURIIAERFEEE RS, R4 2 i ZEERIR .

PR AR R G A A T

NI ] e I SN R/

R 14: 4% BCC RAMKIHFEKEREFRESE (LDO)

= Iq (r4) Loue (mA) Vin (V) g etk

TPS797xx 1.2 50 1.8-5.5 55C70 Egéﬁ%iv)

LP5900 25 150 2.2-5.5 ADSBGA, 6WSON Wi’;% /5%%@) ;ﬂmiﬁ%%(%omv)
TPS780/2 0.5 150 2.2-5.5 550T-23, 6SON %iﬁﬁﬁ/if ;ﬁgggﬁigﬁ%fﬁ
LP5907 12 250 2.2-5.5 | 4DSBGA, 4X2SON, 5S0T-23 mlg“ﬁg (ﬂ%ﬁiteﬁ;fgﬁ%o%vgf)gg
TPS727xx 7.9 250 2.0-5.5 6SON, 4DSBGA {t&ﬁg/(lﬁ;igﬁiﬁém@'%%Hfiiiﬁa
8 RTHEH

Matthew Hann H RTZMEMAXE (T ks BERLU™ dh i Mk A8 T N ks 2 SAR ADC [ BARR ™ il 2R 0 B
Matt BUHRMPAEFEITAGT 1998 4FM) Burr Brown, {EMEIML™ G TARENG, fheE 8 FFEmf (] B &k T miks
FEBFTOR S BERIIORE: . IR LSS I R BOR B MR R TT SR 2R 5 SRR, Matt /EA
AU i N AR, LR AT R, DRI A%, I, 4-20mA KRR, IR R AR
U EIVAER
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A2 YRNEHR

Drawing Type BILL OF MATERIALS
Drawing Title EVM,TI DESIGNS FORLOW POWER ECG SYSTEM
Drawing Number 6571549
Reuvision B
Data Class TI INTERNAL DATA
Engineer TI SAR ADC ENGR
Released By B McKay NOTE: ASTERISK(*) NEXT TO PART MANUFACTURER'S NAME DENOTES POSSIBLE LONG LEAD TIME ITEM.
Release date 05/30/2013
ITEM |QTY [MFG MFG PART# REF DES DESCRIPTION VALUE or FUNCTION
TBD by TI
(TURNKEY)
REF |TBD by Tl 6571549B - ASSEMBLY -
REF |- 65715498 - SCHEMATIC -
1 TBD by Tl 65715498 - FABRICATION -
REF |- 65715498 - ARTWORK -
1 2 Emerson Network 142-0701-201 J1, J2 Connector, TH, SMA
Power
2 1 Samtec, Inc. SSW-105-22-F-D-VS-K J7 Connector, Header, 10-Pos (10x2), Receptacle, 100x100-
mil Pitch
3 1 Samtec, Inc. SSW-110-22-F-D-VS-K J3 Connector, Receptacle, 100mil, 10x2, Gold plated, SMD
4 1 On-Shore ED555/6DS J9 Terminal Block, 6A, 3.5mm Pitch, 6-Pos, TH
Technology, Inc.
5 2 Samtec, Inc. TSW-103-07-G-S J4, J5 Header, TH, 100mil, 3x1, Gold plated, 230 mil above
insulator
6 2 Samtec, Inc. TSW-102-07-G-S J6, J8 Header, TH, 100mil, 2x1, Gold plated, 230 mil above
insulator
7 1 On-Shore ED555/2DS J10 Terminal Block, 6A, 3.5mm Pitch, 2-Pos, TH
Technology, Inc.
8 1 Kemet C0805C473J3GACTU CLP CAP, 0.047uF, 0805, COG
9 1 Kemet C0603C102J5GAC cD CAP, CERM, 1000pF, 50V, +/-5%, COG/NPO, 0603
10 2 MuRata GRM2195C1H103JA01D CB1, CB2 CAP, CERM, 0.01uF, 50V, +/-5%, COG/NPO, 0805
1 1 TDK C2012X5R0J226M Cref CAP, CERM, 22uF, 6.3V, +/-20%, X5R, 0805
12 2 Kemet C0805C106K8PACTU C19, C24 CAP, CERM, 10uF, 10V, +/-10%, X5R, 0805
13 1 TDK C2012C0G1E472J CF CAP, CERM, 4700pF, 25V, +/-5%, COG/NPO, 0805
14 1 Taiyo Yuden EMK212B7105KG-T CA CAP, CERM, 1uF, 16V, +/-10%, X7R, 0805
15 1 TDK C1608C0G1H102J c17 CAP, CERM, 1000pF, 50V, +/-5%, COG/NPO, 0603
16 1 Vishay-Dale CRCWO060310ROFKEA R24 RES, 10.0 ohm, 1%, 0.1W, 0603
17 1 Vishay-Dale CRCW0603100KFKEA Rs5 RES, 100k ohm, 1%, 0.1W, 0603
18 1 Vishay-Dale CRCWO060310MOJNEA RG RES, 10Meg ohm, 5%, 0.1W, 0603
19 |4 TDK C1608X7R1C105K C16, C25, CF5, CS CAP, CERM, 1uF, 16V, +/-10%, X7R, 0603
20 2 Vishay-Dale CRCWO06031RO0FKEA R38, Rref1 RES, 1.00 ohm, 1%, 0.1W, 0603
21 3 Vishay-Dale CRCWO06031K00FKEA R30, Riso1, Riso2 RES, 1.00k ohm, 1%, 0.1W, 0603
22 3 Vishay-Dale CRCWO06031MO0OFKEA RD1, RD2, RD3 RES, 1.00Meg ohm, 1%, 0.1W, 0603
23 |9 Vishay-Dale CRCW060310KOFKEA R33, RA1, RB1, RB2, RG1, RG2, |RES, 10.0k ohm, 1%, 0.1W, 0603
RLP1, RLP2, RR1
24 |4 Vishay-Dale CRCWO060349K9FKEA Rs1, Rs2, Rs3, Rs4 RES, 49.9% ohm, 1%, 0.1W, 0603
25 |5 Vishay-Dale CRCWO06030000Z0EA R18, R35, R40, R43, R46 RES, 0 ohm, 5%, 0.1W, 0603
26 5 Vishay-Dale CRCWO060347R0JNEA R31, R32, R34, R36, R39 RES, 47 ohm, 5%, 0.1W, 0603
27 4 AVX 06035A101JAT2A CF1, CF2, CF3, CF4 CAP, CERM, 100pF, 50V, +/-5%, COG/NPO, 0603
28 4 Panasonic ERJ-2GEOR00X R23, R25, R26, R27 RES, 0 ohm, 5%, 0.063W, 0402
29 2 Yageo America RCO0603FR-0730KL RF1, RF2 RES, 30.0k ohm, 1%, 0.1W, 0603
30 1 Texas Instruments OPA313 u10 1-MHz, Micro-Power, Low-Noise, RRIO,1.8-V CMOS OP
AMP
31 1 Texas Instruments  [ADS8588 U1 18-bit IMSPS SAR ADC
32 1 Analog Devices REF3330 u16 3.0V, 3.9uA, SC70-3, 30ppm/°C Drift VOLTAGE
REFERENCE
33 (6 Kemet C0603C104K5RACTU C1, C9, C11, C21, CC1, CC2 CAP, CERM, 0.1uF, 50V, +/-10%, X7R, 0603, CAP,
CERM, 0.1uF, 50V, +/-10%, X7R, 0603, CAP, CERM,
0.1uF, 50V, +/-10%, X7R, 0603, CAP, CERM, 0.1uF, 50V,
+/-10%, X7R, 0603, Uninstalled, Uninstalled
34 1 MuRata GRM188R71H202KA01D CR1 CAP, CERM, 2000pF, 50V, +/-10%, X7R, 0603
35 8 N/A, N/A, N/A, N/A FID1, FID2, FID3, R17, R21, R22, Fiducial mark. There is nothing to buy or mount., Fiducial
Vishay-Dale, N/A, R28, R29 mark. There is nothing to buy or mount., Fiducial mark.
N/A, N/A, N/A There is nothing to buy or mount., RES, 0 ohm, 5%, 0.1W,
0603, Uninstalled, Uninstalled, Uninstalled, Uninstalled
36 (2 Tl OPA2333IDGK U1, U2 IC, 1.8V, microPOWER Op Amp Zero-Drift Series
37 1 Tl OPA333AIDBV U4 IC, 1.8V, microPower, CMOS Op Amp, Zerg-Drift Series
38 1 Microchip 24xx256-I/ST us IC, 256K CMOS Serial EEPROM

40 Ultra Low Power, 18 bit Precision ECG Data Acquisition System
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