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2.16.1.9 Filter Thinssmiadaanaisuniu Tase1nes 1918 wieluldnld
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2.16.2 Electrocardiography (ECG)
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2.16.4 Lead ttuua1eqlumsia ECG
© 2.16.4.1 Bipolar limb leads Sanuaeding Ifhsevdnegevesauan

Lead 1 Sannuanedng Idfhvesuvudne-uvuan

Lead 2 Jannuandng lifhassndro-uvuen

Lead 3 Jannuatedng Iifhvssndhe-uvudhe
2.16.4.2 Unipolar limb leads 3 voltageUDILiuu/1 YUY central terminal
& Ao
Gafidnd Iiuitugud

Lead aVR 3 voltage VDIUWYHYN (afiDelectrical augmentation 50% )

Lead aVL 3@ voltage 499148

Lead aVF 39 voltage 39391410
2.16.4.3 Chest leads '5'ﬂvoltage1mlu’ahorizontal plane:unipolar leads

Lead V1-V6 in voltageN9aa 191 MIV1-V6 oY central terminal

(indifferent electrode)
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gﬂ‘rdl 2.16 Bipolar Leads:Lead 1
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gﬂﬁ 2.17 Bipolar Leads:Lead 2
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319 2.18 Bipolar Leads:Lead 3
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g‘ﬂﬁ 2.19 Augmented Leads:aVR

31 2.20 Augmented Leads:aVL
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Normal ECG Wavetorm
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Ventricular Tachycardia Waveform
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Ventricular Fibrillation Waveform
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3.3 29030509ANUDM Y (Low Pass Filter)
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o d' v .
NATBUM INMIUIAVINTINNUNOUUDBOIUN (Notch Filter)

4 2 i
4.2 21999NTVINNUDUVUNDAUDVA1MD (Notch Filter)
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WAN1INABDII995 Noich Filter NA30A199 1ilietlou Vin= 1 Vpp fnotch = 50 Hz ;

AWA F (H2) usIRLINNACY,) Vv, A ,(dB)
20 0.95 0.95 -0.44
25 0.91 091 -0.81
30 0.90 0.90 -0.91
35 0.84 0.84 -1.15
40 0.72 0.72 -1.85
45 0.60 0.60 -4.43
50 0.28 0.28 -11.05
55 0.64 0.64 -3.87
60 0.76 0.76 238
65 0.86 0.86 -131
70 0.90 0.90 -0.91
75 0.94 0.94 -0.53
80 0.94 0.94 -0.53
85 0.96 0.96 -0.35
90 0.96 0.96 -0.35
95 0.96 0.96 -0.35
100 0.96 0.96 -0.35
105 0.96 0.96 -0.35
110 0.96 0.96 -0.35




59

115 0.96 0.96 -0.35
120 0.96 0.96 -0.35
130 0.96 0.96 -0.35
140 0.96 0.96 -0.35
150 0.96 0.96 -0.35
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29950529 NNBMVUMIAUEUANUA(Notch Filter)
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29250599ANDENHIY (Low Pass Filter)

-Cit Coupling
. & Impedance
Chi Pk-Pk

v266m‘»’ DC

AC "o

M 200ms ‘A Chl & 790mV;

51/ 4.6 Fygnanilen1nees Low Pass Filter lnadaanaunivesadalaalny

Y

< @ 4 g LY 1
somu lahdganasunuasasneunvuslefeuiuiionsn995

o <2

0 o 1 v L] o -5 [
Notch filter 111¥IH D99 P,QR,S,T ladntu uadseds Isnau nimedidea o

P A y
IUNIUNTA T L‘Haﬂﬂg

v



) A L Q'l 1
mannsannsanaumsvesndu i luwwuia i 14us P-WAVE,QRS-WAVE, uag

T-WAVE 910194013

- 2
P =apexp[-£-%}=¢p(’ -7,

5 2
. t—r
R(ORS) = (ag” + a( d + a(l)______d }cxp[— —-—-———( R) } = ¢R -7

fa T df 2b,
T=gq, exp{* ——-—————(t_z_Z;T ) } = ¢T -7

4.5 M3 Simulation 91011510353 MATLAB

o
a
T
L

2
o
T
1

o
-
¥
1

o
N
T
i

AMPLITUDE (v)

&
%]

_0'4 1 1 1 L i
05 0 05 1 15 2 25

TIME (s)

31 4.7 yaasiganamdwivihalenldenlilsunsu MATLAB



65

119¥1M3 Simulate WdgygnunduIifinvialsuvuuiladuds imsfloudgenm
sununswdudygaadu i leez ladggraaiu v lailidyanusuniu

samegAensgl

18¢ .

—
F=1
T
ES= S
-

AMPLITUDE (v)

]
0.5 0 0.5 1 15 2 25
TIME (s)

711 4.3 waasdygnanauiivihledidyanasuniuey

{ g v o 4 Y o’: o °
17U 4.8 sz dygnaniu i luiulidgenasuniuinn svahms

nansuNoIIdYaIUTUNIUBEN 1ABVINT Simulate A1143995 Low Pass Filter



66

1-2 1 1 1 T ¥

o
{8 1]
T

o
o™
T

L

o
=
H

1

AMPLITUDE {v)

95 ) 05 1 15 2 25
TIME (s)

pos
'

1 4.9 uansdeyanamaullihiialof Simulate #133995 Low Pass Filter

3 v g o 4 ar v e
winuhdggnanau il 18T dyapasunivaanslndifossudaga
s 14
aau i lsuuuinas g saasi lunsenntuy 1995 Low Pass Filter vufitlse@nsam
- -}

WoAWAIS WS INTaRadYgNATUN U IANIN ervezdlidygrasuniuvisagiios

d 9 " 3
mnUsemIUY



UNni 5

ayduazinsainamsnanes

1 H
L. A g o Aa

3 : ¥
iwFesiadgygunduddialelulasseuil Faiddgiigadenisesnuuy

o U <

wnvsveenifilsz@ninmlums1daulan Aevunavesdyanudesfinnuusanedio 14

on ¥ o PN v & oA A )
ﬂi%iﬂﬁf‘u"lﬂ UASTYYIUITUNIUITABDIAIAIY AJUUINADNINVIVYIOUUY instrument

T
=t @ &

& H -3 3 e 5 ey { Y i
amplifier ¥adidm1lszneundrgfe differential amplifier Tgauuaviianannsoaadyg i

s

o S o o da 3 Y o A
ANHUSLAYINUUUNAD ﬁﬂgig'lﬂﬁ‘ﬂﬂ'luiﬁﬁﬂ'ﬁ\?”lﬂ uaz%zmmammﬂﬂfgfgmﬂnmm

k4
a o w

T et &' o ] 9 o aa T a 1
uenaaldlvinaussuu deeziuldvinwanisnaass lunisdfiaesaiulaifioeudms

? o @

o
ponuuuNvsAeeldnulaf nseenuuusEnuNasMssRRUUBAI NI ATd TRy lums

g Ay

andygnusuny sawdinisFamedyanadedimamnilefmnudag ludetidroms e
[V <&

L4 = 3 1 1 y o
dyanasunduiaiiy lAedave udludiuvedlnssnuiiszfidunmiiudgyanasuniu

Yztludundudygnaiileeg

() ¥

ludauyeans Simulate daygnunau liiiale TasldTalsunsu MATLAB iU wa

Sy A o Q@ Y 1 a8y Yo 9y o
minanesi idleihmstloudygnasunauudirmiursesi ladnisesnuun’l fyana
adu Wi lan 1deenuindifosdudaanandu il lsuuuuiasgu waasdnis

=t a a Y1 @ Ao -~ U g A g 9

aenuuLNIsHY sz AnEnmweauads uihddidyanasunumiesy uafifisudniies

] g A &' o -4 d' -1 - =y ﬂ' a L4
Wi FudieiimsiwanisnaassiiinisiainausssTaonieeda ldd 1w lean

aSsuneunums Simulate #a1)5105 3191 Error Neomniivssana +10%



VIINYNIY

1. Giovanni Bianchi and Roberto Sorrentino, Eiectromic filter Simulation & Design,

Mc Graw Hill, 2007

2. Wai —kai chen, Passire and active filter, John Wiley & Sons, 1986



AN IN



x=-0.5:0.001:2.5;
N = length(x);

ts = 0.001;
fs = 1/ts;
df = fs/(N-1);

f = (-(N-1)/2:(N-1)/2)*df;

default=input('Press 1 if u want default ecg signal else press 2:\n');
i1f(default==1)
1i=30/72;

a_pwav=0.45e-3;
d pwav=0.16;
t_pwav=-1;

a_qgqwav=0.025;
d _qwav=0.066;
t_qwav=0.1;

a_grswav=0.9;
d_grswav=0.11;

a_swav=0.25;
d swav=0.066;
t_swav=0.09;

a_twav=0.15;
d_twav=0.142;
t twav=0.2;

a_uwav=0.035;
d_uwav=0.0476;
t_uwav=0.63;
else
rate=input ('\n\nenter the heart beat rate :1');
1i=30/rate;

p wave specifications
fprintf ("\n\np wave specifications\n'):;
d=input ('Enter 1 for default specification else press 2: \n');
if (d==1)
a_pwav=0.45e-3;
d pwav=0.16;

t_pwav=-1;
else
a_pwav=input ('amplitude = ');
d pwav=input ('duration = ');
t pwav=input ('p-r interval = ");
d=0;

end

q wave specifications
fprintf ('\n\ng wave spec
d=input('Enter 1 for def

ifications\n');
ault specification else press 2: \n');



if(d==1)
a_qwav=0.025;
d_qgwav=0.066;

t_agwav=0.1;
else
a_gwav=input (*amplitude = ');
d _gwav=input ('duration = ");
t_gwav=0.166;
a=0;
end

grs wave specifications
fprintf ("\n\ngrs wave specifications\n');
d=input (*Enter 1 for default specification else press 2: \n');
if (d==1)
a_grswav=0, 9;
d_grswav=0.11;

else
a_grswav=input (‘amplitude = "};
d_grswav=input ('duration = ');
d=0;

end

s wave specifications
fprintf ('\n\ns wave specifications\n');
d=input ("Enter 1 for default specification eise press 2: \n'):
if{d==1)
a_swav=0.25;
d _swav=0.066;
t_swav=0.09;

else
a_swav=input ('amplitude = ");
d swav=input ('duration = ');
t_swav=0.09;
d=0;

end

t wave specifications
fprintf ("\n\nt wave specifications\n’):
d=input ('Enter 1 for default specification else press 2: \n'):
if (d==1)
a_twav=0.15;
d_twav=0.142;
t_twav=0.2;
else
a_twav=input ('amplitude = ");
d_twav=input ('duration = ');
t_twav=input ('s-t interval =
d=0;
end

1)'.



u wave specifications .
fprintf ('\n\nu wave specifications\n'):;
d=input ('Enter 1 for default specification else press 2: \n'):
if (d==1)
a_uwav=0,035;
d _uwav=0.0476;
t_uwav=0.433;

else
a_uwav=input ('amplitude = ');
d_uwav=input ('duration = ');
t_uwav=0.63;
d=0;
end
end

pwav=p_wav(x,a_pwav,d pwav,t pwav,1li);

gwav output
gwav=q_wav(x%,a_qwav,d gwav,t gwav,1i):

grswav output
grswav=qrs_wav (x,a_qrswav,d qgrswav,1i);

swav cutput
swav=s_wav(x,a_swav,d_swav,t _swav,1i);

twav cutput
twav=t_wav(x,a_twav,d twav,t_ twav,li);

‘uwav output
uwav=u_wav(x,a_uwav,d_uwav,t uwav,1i);

ecg output
ecg=pwav+grswav+twav+swavtgwavtuwav;
eo=pwav+grswav+twav+swav+gwav+uwav+rand (1, 3001) ;



for i=1l:length(x)

if x(i)<-0.3
ecg(i) = 0;
elseif x(i)<= 2
ecg(i) = ecg(i)-0.175;
else
ecg(i) = 0;
end
end

for i=1:length(x)
if (x(1)<0.45) | (x(1i)>1.32)
ecg(i) = 0;
end
end

figure(l)
plot(x,ecqg); xlabel ('TIME {(s)'); ylabel ('AMPLITUDRE (v)'):

ECG = fftshift (fft(ifftshift(eo)))*ts;

figure (2)

plot (f,20*10gl0 (abs(ECG)))

xlabel (TFREQUENCY (Hz)'); ylabel ('MAGNITUDE (dB/Hz)')
axis([0 200 -140 -20}1)

Cl = 0.le-6;
C2 = 0.1le-6;
Rl = 5.3e3;
R2 = 5.3e3;

S = 19*2%pi*f;
H =
1./ (C1*C2*R1*R2*(S.72+(C1* (R1+R2)/ (C1*C2*R1*R2))*S+1/ (C1*C2*R1*R2)));

figure (3)

plot (£,20*10gl0 (abs(H))
xXlabel ('FREQUENCY (Hz)'
axis{[0 200 -180 0])

)
); ylabel ("MAGNITUDE (dB)')

Eo = ECG.*H;
eo = real (fftshift(ifft(ifftshift(Eo0)))):
el=pwav+qrswav+twav+swav+gwav+uwav+0.025*randn (1, 3001) ;

figure(4)
plot{x,eo0); xlabel ('TIME (s)'); ylabel ('AMPLITUDE {(v)');

figure (5)
plot(x,el); xlabel ('TIME (s)'):; ylabel ('AMPLITUDE (v)');

ECGl = fftshift (fft(ifftshift(ECG)))*ts;



= de-14;
1.6e-11;
64e6;
2e~13;
8.8e~11;

[

i

BoOQw®
i

i

0]
i

1§*2%pi*f;
H = (8.73+4A%*s."2+B*s+C)/ (s."3+D*s . 2+E*s+C) ;

El = ECGLl.*H;
el = real (fftshift(ifft(ifftshift(E1l))))*fs;
figure (5)

plot (x,el)
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INA126
INA2126

MicroPOWER INSTRUMENTATION AMPLIFIER
Single and Dual Versions

FEATURES

® LOW QUIESCENT CURRENT: 175pAl/chan.

@ WIDE SUPPLY RANGE: #1.35V to +18V
@ LOW OFFSET VOLTAGE: 2504V max

® LOW OFFSET DRIFT: 3uV/°C max

® LOW NOISE: 35nVWHz

©® LOW INPUT BIAS CURRENT: 25nA max

@ 8-PINDIP, SO-8, MSOP-8 SURFACE-MOUNT
DUAL: 16-Pin DIP, SO-16, SSOP-16

APPLICATIONS

® INDUSTRIAL SENSOR AMPLIFIER:
Bridge, RTD, Thermocouple

@ PHYSIOLOGICAL AMPLIFIER:
ECG, EEG, EMG

® MULTI-CHANNEL DATA ACQUISITION

® PORTABLE, BATTERY OPERATED SYSTEMS
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International Airport Industrial Park « Mailing Address: PO Box 11400, Tucson, AZ 85734 = Street Address: 6730 S. Tucson Blvd., Tucson, AZ 85706 » Te!: {520} 745-111% + Twx: 910-852-1111

DESCRIPTION

The INA126 and INA2126 are precision- instrumentation
amplifiers for accurate, low noise differential signal acquisi-
tion. Their two-op-amp design provides excellent perfor-
mance with very low quiescent current (175pA/chan.). This,
combined with wide operating voltage range of £1.35V to
118V, makes thern ideal for portable instrumentation and data
acquisition systems.

Gain can be set from 5V/V to 10000V/V with a single
external resistor. Laser trimmed input circuitry provides
Jow offset voltage (250pV max), Jow offset voltage drift
(31V/°C max) and excellent common-mode rejection.
Single version package options include 8-pin plastic DIP,
SO-8 surface mount, and fine-pitch MSOP-8 surface-mount.
Dual version is available in the space-saving SSOP-16 fine-
pitch surface mount, SO-16, and 16-pin DIP. All are speci-
fied for the ~40°C to +85°C industrial temperature range.
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SPECIFICATIONS

AL T, = +25°C, Vg= 215V, R = 25kQ2, unless otherwise noted.

INA126P, U, E INAT26PA, UA, EA
iINA2126P, U, E INA2126PA, UA, EA

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNTS

INPUT :

Offset Voltage, RTI +100 +250 4150 +500 uv
vs Temperature 05 - 13 * 5 pvrC
vs Power Supply {(PSRR) Vg = 1.35V to 318V 5 15 * 50 RVNV

Input Impedance 0% 4 * Q| pF

Safe Input Voltage Rg=0 {V-10.5 (V+)+0.5 * ¥* v

Rg = 1kQ (V-)-10 (V+)+10 * * v

Common-Mode Voltage Range Vo =0V +11.25 $11.5 * * v

Channel Separalion (dual) G=5,dc 130 dB

Common-Mode Rejection Rs = 0. Vg = 311.25V 83 94 74 .90 dB
INA2126U (dual SO-16) . 80 94 dB

INPUT BIAS CURRENT -10 -25 * -50 nA
vs Temperature +30 * pAPC

Oftset Current +0.5 2 * 35 nA
vs Temperature +1i0 * ) ' pArC

GAIN G = 51010k * VN

Gain Equation G =5 + BOkOYRg * Vv

Gain Emor Vo=3214V,G =5 *0.02 0.1 * +0.18 %
vs Temperature G=5 2 +10 * * ppm/°C*

Gain Emor Vo = 212V, G = 100 02 0.5 * +1 % .
vs Temperature G =100 125 100 * * ppm/°C

Nonlinearity G =100, Vg = +14V =0.002 +0.012 * * %

NOISE

Voltage Naise, { = 1kHz 35 * nvHZ

f = 100Hz 35 * aviiHZ
= 10Hz 45 * nVAHZ
fp = 0.1Hz to 10Hz 0.7 * pVp-p

Current Noise, { = 1kHz 60 * {ANHZ

fs = 0.1Hz to 10H2z 2 * PApP-p

OUTPUT

Voltage, Positive R, = 25kQ (V+)-0.9 | (V+)-075 * * v

Negative R, = 25kQ (V=-)+0.95] (V-)+0.8 * * v

Short-Circuit Current Short-Circuit to Ground +10/-5 * mA

Capacitive Load Drive 1000 * pF

FREQUENCY RESPONSE

Bandwidth, ~3dB G=5 200 * kHz

G =100 9 * kHz

G =500 1.8 * kHz

Slew Rate Vo =110V, G =5 04 * Vips
Settling Tame, 0.01% 10V Step, G =5 30 * us
10V Step, G = 100 160 * ps
10V Step, G = 500 1500 * us

Overload Recovery 50% Input Overload 4 * ps

POWER SUPPLY

Voltage Range +1.35 ESES 18 * * * \Y

Current {per channel) lo=0 *175 +200 * * pA

TEMPERATURE RANGE

Specification Range —40 +85 * * °C

Operation Range ~55 +125 * * °C

Storage Range -55 +125 * * °C

Thermal Resistance, 85, .
8-Pin DIP 100 * ‘cw
SO-8 Surface-Mount 150 * °Cw
MSOP-8 Surface-Mount 200 ¥* °Cw
16-Pin DIP (dual) 80 * W
80-16 (dual) 100 ¥* °CW
SSOP-16 (dual) 100 ¥ °Cw

¥* Specification same as INA126P, INA126U, INA126E; INA2126P, INA2126U, INA2126E.

The information providec hereinis believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk, Prices and specifications are subject to change
without notice. No palent rights or licenses to any of the circuits described herein are implied or granted to any third parly. BURR-BROWN does not authorize or warrant
any BURR-BROWN procuct for use in life support devices and/or systems.

BURR- BROWNE

INA126, INA2126 2



PIN CONFIGURATION (Single)

ABSOLUTE MAXIMUM RATINGS()

Top View

8-Pin DIP, SO-8, MSOP-8

PIN CONFIGURATION (Dual)

Power Supply Voltage, V+ 1o V~ 36V
input Signal Voltage® (V-}-0.7 1o (V+}+0.7V
Input Signal Currenti?) 10mA
Output Short Circuit Continuous

Operating Termperature
Storage Temperature
Lead Temperature (soldering, 10s)

-55°C 1o +125°C
-55°C to +125°C
+300°C

NOTES: (1) Stresses above these ratings may cause permanent damage.
(2) Input signat voltage is limited by intemal diodes connecled to power
supplies. See text.

ELECTROSTATIC
DISCHARGE SENSITIVITY

Top View 16-Pin DS SO, SaaRas This integrated circuit can be damaged by ESD. Burr-Brown
- . recommends that all integrated circuits be handled with ap-
Viu | 4 . 16 | Vo propriate precautions, Failure to observe proper handling and
| installation procedures can cause damage.
Vi | 2 15| Vi P E _
Ren T 14| R, ESD damage can range from subtle performance degradation
= 2 to complete device failure. Precision integrated circuits may
Raa| 4 | 13 I Roa be more susceptible to damage because very small parametric
Ref, [ 5 | 12| Ref, changes could cause the device not to meet its published
72 specifications.
Voul 6 11| Ve
Sense, { 7 10 l Senseg
v-| 8 9 _l,w
PACKAGE INFORMATION
PACKAGE DRAWING TRANSPORT
PRODUCT PACKAGE NUMBER() PACKAGE MARKING | ORDERING NUMBER MEDIA
Single
INA126PA 8-Pin DIP 006 INA126PA INA126PA Rails
INA126P 8-Pin DIP 006 INA126P INA126P Rails
INAT26UA S0-8 182 INA126UA INAT26UA Ralls of Reel
INA126U S0-8 182 INA126U INA126U Rails or Reel
INAT26EAR) MSOP-8 337 A268) INA126EA-250 Reel Only
- . . 3 INA126EA-2500 - -
INA12BER) MSOP-8 337 A26) _ INA126E-250 Reel Only
- ; - - INA126E-2500 .
Dual
INA2126PA 16-Pin DIP 180 INA2126PA INAZ126PA Rails
INA2126P 16-Pin DIP 180 INA2126P INA2126P Ralls
INA2126UA $0-16 265 INA2126UA INA2126UA Rails
INA2126U $0-16 265 INA2126U INAZ126U Rails
INA2126EAR) SSOP-16 322 INA2126EA INA2126EA-250 Reel Only
- - - - INA2126EA-2500 .
INA2126E@ SSOP-16 322 INA2126E INA2126E-250 Reel Only
. . . - INAZ2126E-2500 -

NOTES: (1) For detailed drawing and dimension table, see end of data sheet, or Appendix C of Burr-Brown IC Data Book. (2) MSOP-8 and SSOP-16 packages are
available only on 250 or 2500 piece reels. (3) Grade designation is marked on reel.

INA126, INA2126
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TYPICAL PERFORMANCE CURVES

At Ty = 425°C and Vg = 215V, unless otherwise noted.

GAIN vs FREQUENCY COMMON-MODE REJECTION vs FREQUENCY
70 T 11T 110
60 G= 000~_ = 100 .\\
™~ z % N
50 Sy S 80 5
= N =
SR Ml [ ks 5 70 S o= 100
& I - N |
2 30 G=20 ™ . I I I
= o
20 G=E Eé 40 m
© N
£ 30 G =5
10 i N E 20 \\
0 h. [5 .
10
-10 - . 0 - :
100 1k 10k 100k ™ 10 100 1k 10k 100k “WhAT
Frequency (Hz) = Frequency (Hz)
POSITIVE POWER SUPPLY REJECTION NEGATIVE POWER SUPPLY REJECTION
- vs FREQUENCY vs FREQUENCY
\-\ G = 1000
1]
& 100 i P g 100
5 - ™~ ’\ N > \_\"N\
£ 80 \\ & S g ! G = 1000
@ o N
K \‘m\ \\~ Fk\ < N \\\
< o0 7 T 60
g 7\,\ » s at G =10
™~ =
@ 40 G=5 W 40 3
S ™ 73 N N
% M % G=F5 NN
a 20 a 20 I~
’\,\~
0 0
10 100 1k 10k 100k ™ 10 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
INPUT COMMON-MODE RANGE g INPUT COMMON-MODE VOLTAGE RANGE
vs OUTPUT VOLTAGE, Vg = 115V vs OUTPUT VOLTAGE, Vg = 5V
15 - 5
T T AN 7 S
- output swing—see L A xt
— 10 Limited by A oulp: s 4 Uiied by Ay OUtpULSWing—see te
BN & 3T i —
S = Vg = 25V ]
g s s 2 5 o= ViV _1-
=3 o 4 L DY LS dnlel
= 3 Vier = 2.5V
T 0 =0
b §
& g -
g -5 E 5
£ 38
S 10 3 -3 . =
-1 — o. ] i see text
— i ee text £ 4 Limited by A, OUtpUL SWING—
N e B T s B o I i |
-15 -10 -5 0 5 10 15 -5 -4 -3 -2 -1 0 1 2 3 4 5
Output Voltage (V) Output Voltage (V)
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TYPICAL PERFORMANCE CURVES (conT)

At T, = 425°C and Vg = £15V, unless otherwise noted.

INPUT-REFERRED NOISE vs FREQUENCY SETTUING TIME vs GAIN
100 = 1% 1000 —
1 1 Ay
| I A
—_ —_ 0.01%
™~ » - 7z
g £ 5
s +H— —_
£ Voltage Noise. *3-. e 3 //
g 2 @ /’;L/ 0:1%
°© (<] E v
Z 10 100 2 = 100 ~
=3 ~ 5 2 y
£ : E 2
———
(&) -
z Cunent Noisg bt - = A
=1
a a )
£ £ S
1 - 10 10 -
1 10 100 1k 10k 1 10 100 ) 1k
Frequency {Hz) Gain {VIV)
QUIESCENT CURRENT AND SLEW RATE
INPUT-REFERRED OFFSET VOLTAGE WARM-UP vs TEMPERATURE
10
\ 300 T — 0.6
8 E
S 6 250 : —] 05
2 =z — LT - S
s 4 J > L _—
£ \ 1 200 = /_____’/ 04
5 2 £ D s B Gt B e
g 0 (Noise) S 450 = } t 0.3
g, ==k = ~— g L Vg = £1.35V
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@ =
= % [}
© 50 0.1
. {
-10 0 0
0 1 2 3 4 5 6 7 8 9 10 -75 -50 25 0 25 50 75 100 125
Time After Tum-On (ms) Temperature (*C)
i
TOTAL HARMONIC DISTORTION+NOISE % OUTPUT VOLTAGE SWING
vs FREQUENCY vs OUTPUT CURRENT
1 n V+
/ V-1 —
Sourcing Cument
Lo 4 g T
E, R, = 10k r = (V+)}-2
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TYPICAL PERFORMANCE CURVES (con)

AL T, = +25°C and Vg = $15V, unless otherwise noted.

SMALL-SIGNAL RESPONSE, G= § SMALL-SIGNAL RESPONSE, G =100

= =2
2 2
> >
E £
(=3 o
o~ o~
50p:s/div
LARGE-SIGNAL RESPONSE, G= 5§ VOLTAGE NOISE, 0.1Hz to 10Hz
=
2 2
= ]
2 8
o

500ms/div

CHANNEL SEPARATION vs FREQUENCY, RTi
{Dual Version)

160
L - A HR- - F T HIE- - TTTi
150 (T G = 1000
140 ml = — Sa
— 130 f=—d==Eh—] H i
o (™1 G=100 { [TH
2 120 St
é 110 T =
g 0 uG =5 \\“\ i
o 100
= 25kQ
» 90 Rt t—rtret " T
- - - - Measurement fimited
80 - by amplifier or
70 measurement noise.
60 LOLbm 1 g
100 Tk 10k 100k ™M

Frequency (Hz)
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INPUT BIAS CURRENT RETURN

The input impedance of the INA126/2126 is extremely
high—approximately 109Q. However, a path must be pro-
vided for the input bias current of both inputs. This input
bias current is typically —10nA (current flows out of the
input terminals). High input impedance means that this input
bias current changes very litile with varying input voltage.

Input circuitry must provide a path for this input bias current
for proper operation. Figure 3 shows various provisions for
an input bias current path. Without a bias current path, the
inputs will float to a potential which exceeds the common-
mode range and the input amplifiers will saturate.

If the differential source resistance is low, the bias current
return path can be connected to one input (see the thermo-
couple exampie in Figure 3). With higher source impedance,
using two equal resistors provides a balanced input with
silvantages of lower input offset voltage due to bias current
and better high-frequency common-mode rejection.

Microphone,
Hydrophone
elc.

47%02

Thermmocouple

Cenler-tap provides
bias curmrent retumn.

FIGURE 3. Providing an Input Common-Mode Current Path.

INPUT COMMON-MODE RANGE

The input common-mode range of the INA126/2126 is
shown in typical performance curves. The common-mode
range is limited on the negative side by the output vohage
swing of A,, an internal circuit node that cannot be measured
on an external pin. The output voltage of A, can be ex-
pressed as:

Voo = 1.25 Vig — (Vi — Vi) (10kQ/R) )

(Voltages referred to Ref tenminal, pin 5)

BURR- BROWNG®

INA126, INA2126

The internal op amp A, is identical to A, and its output
swing is limited to typically 0.7V from the supply rails.
When the input common-mode range is exceeded (A,’s
output is saturated), A, can still be in linear operation and
respond to changes in the non-inverting input voltage. The
output voltage, however, will be invalid.

LOW VOLTAGE OPERATION

The INA126/2126 can be operated on power supplies as low
as £].35V. Performance remains excellent with power sup-

'plies ranging from £1.35V to £18V. Most parameters vary

only slightly throughout this supply voltage range—see
typical performance curves. Operation at very low supply
voltage requires careful attention to ensure that the common-
mode vollage remaine within its linear range. See “Input
Common-Mode Voltage Range.”

The INA126/2126 can be operated from a single power .
supply with careful attention to input common-mode range,
output voltage swing of both op amps and the voltage
applied to the Ref terminal. Figure 4 shows a bridge ampli-
fier circuit operated from a single +5V power supply. The
bridge provides an input cornmon-mode voltage near 2.5V,
with a relatively small differential voltage.

INPUT PROTECTION

The inputs are protected with internal diodes connected 16
the power supply rails. These diodes will clamp the applied
signal to prevent it from exceeding the power supplies by
more than approximately 0.7V. If the signal source voltage
can exceed the power supplies, the source current should be
limited to less than 10mA. This can generally be done with
a series resistor. Some signal sources are inherently current-
limited and do not require limiting resistors.

CHANNEL CROSSTALK—DUAL VERSION

The two channels of the INA2126 are completely indepen-
dent, including all bias circuitry. At DC and low frequency
there is virtually no signal coupling between channels.
Crosstalk increases with frequency and is dependent on
circuit gain, source impedance and signal characteristics.-

As source impedance increases, careful circuit layout will
help achieve lowest channel crosstalk. Most crosstalk is
produced by capacitive coupling of signals from one channel
to the input section of the other channel. To minimize
coupling, separate the input traces as far as practical from
any signals associated with the opposite channel. A grounded
guard trace surrounding the inputs helps reduce stray cou-
pling between channels. Carefully balance the stray capaci-
tance of each input to ground, and run the differential inputs
of each channel parallel to each other, or directly adjacent on
top and bottom side of a circuit board. Stray coupling then
tends to produce a common-mode signal that is rejected by
the IA’s input.



The ADS7817's Vpep input curmrent is proportional 1o conversion rate. A
conversion rate 10kS/s or slower assures enough current to tum on the
reference diode. Converter input range is £1.2V. Output swing limitation of

*(SPV INA126 limits the A/D converter 1o somewhat greater than 11 bits of range.
7 R;, Cy. Ry
INA126 340Hz LP INA126 and ADS7817
2.5V + AV 3 are available in fine-pitch
T + 6 MSOP-8 package
A‘| 2 4
8 _ . . 8
4 , 1
2 6 Serial
10k} N . L © Dala
g, Re \/\A!A 4 G :
—T" 0.47pF
10kQ O ADS7817 s )
AN 128 G ——o CMP
AD Select A
R,
K 1kQ
2.5V - AV 1 7
7 2 Veer Ck [——0 Clock
5 12v ——‘ 33pA

4 6(8 __l_4

™

] A | REF1004C-1.2

A similar instrumentation amplifier, INA125, provides 4 ¥ Dual version has extemal
‘ an intemal reference vollage for sensor exitation = .sense connection. Pin numbers
and/or A/D converter reference. shown are for single version,

FIGURE 4. Bridge Signal Acquisition—Single 5V Supply.

b %\ &

p mmzs/f-: "
0————-/ Ref lp e Vn G
—— o R,
lo
Ag Ig Error Load 4
OPA1T7 +1.5nA

OPA130 | 420pA
OPAB02 | 1pA
OPA129 | +100iA

* Dual version has external sense connection.

FIGURE 5. Differential Voltage-to-Current Converter.
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General Description

The LM 158 series consists of two independent, high gain,
intemally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of volteges. Operation from
split power supplies is also possible and the low power sup-
ply current drain Is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and afl the conventional op amp circuits which now
can be more easily implementecin single power supply sys-
tems. For example, the LM158 series can be directly operat-
ed off of the standard + 5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional $15V
power supplies.

Unique Characteristics

® In the linear mode the inpul common-mode voltage
range includes ground and the output vollage cen also
swing to ground, even though operated from only a sin-
gle power supply voltage.

® The unity gain cross frequency is temperalure
compensated. e

m The input bias current is also temperature
compensated.

&National Semiconductor

LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

December 1994

Advantages

® Two intemally compensated op amps in a single
package

=® Eliminates need for dual supplies

= Allows directly sensing near GND and Voyt 8lso goes
to GND

m Compatible with all forms of logic

= Power drain suitable for hattery operation

m Pin-out same as LM1558/1M1458 dual operational
amplilier

Features
= Intemally frequency compensated for unity gain

m Large dc voltage gain 100 dB
B Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
m Wide power supply range:
Single supply 3V to 32V

or dual supplies +1.5V to t16V
® Very low supply current drain (500 pA)—essentially in-
dependent of supply voltage
& Low inpul offset voltage 2mv
® Input comimon-mode voltage rangs includes ground
m Differential input voltage range equal to the power sup-
ply voltage

m { arge oulput voltage swing OVtoV+ — 1.5V

Connection Diagrams (rop Views)

Metal Can Package
v
ouTPUT A QUTPUT 8
INVERTING INVERTING
INPUT & UL S

NON-INVERTING
INPUT A

NON-AINVERTING
INPUT B

END

TUHTTBT-1
Order Number LM158AH, LM158AH/883°,
LM158H, LM158H/883°, LM258H or LM358H
See NS Package Number HOBC

*1M158 is available per SMD # 5062-8771001
LM158A is available per SMD ¢5962-8771002

DIP/S0O Package

OUTPUT A e v

2 7
IKVERTING INPUT A =——d fn QUTPUT B

NOWNVERTING _ 3

INVUT A INVERTING INPUT 8

5 NONANVERTING
INPUT B

GND

TUH/TIBT-2
Order Number LM158J, 1 M158J/883",
LM158AJ or LM158AJ4/883"
See NS Package Number JOBA
Order Number LM358M, LM358AM or LM2904M
See NS Package Number MOBA
Order Number LM358AN, 1 M358N or LM2904N
See NS Package Number NOSE

©1995 Navtons? Samiconductor Coporstion  TL/H/T767

RRD-B30M$15/Printedin U.S. A
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Electrical Characteristics {Continued) V+ = 45,0V, Note 4, unless otherwise stated

LM158A LM358A LM158/1.M258 LM3s8 LM2904
Parameter Condltions Units
Min Typ Max | Min Typ Max|Min Typ Max|Mn Typ Max|Min Typ Max
Large Signal Voltage V¥ = 15V, Ty = 26°C,
Gain AL 2 2kA, (ForVg = 1V 50 100 25 100 50 100 25 100 25 100 vimV
to 11V)
Common-Mode Ta = 25°C,
Rejsction Ratlo Ve = OVtoV+ 1.5V LY 8§ £ 45 " 85 65 85 50 70 d8
Power Supply V+ = BV 1o 30V
Relection Ratio (LM2004, V¥ = 5V 85 {00 85 100 65 100 65 100 50 100 . dB
to 26V), Tp = 25°C
Amplifier-to-Amplifier { = 1kHzto 20 kHz, Tp = 25°C F b
Coupling (Input Referred), (Note 8) £ R 1204 120 120 dB
Output Current | Source | Vint = 1V,
: Vi = oV, 20 40 20 40 20 40 20 40 20 40 mA
Vi = 45V,
Vo = 2V, Ty = 25°C
Sink | VINT = 1V, iyt = oV
V+ = {5V, Ty = 25C, 10 20 10 20 10 20 10 20 10 20 mA
Vo = 2V
VINT =1V,
Vit = oV
Ta = 25C, Vg = 200 mV, 12 50 12 50 12 50 12 50 12 50 BA
V+ = 15V
Shont Circult to Ground Ta = 25°C, (Note 2), 40 60 40 50 40 60 40 50 40 60 mA
V+ = {5V
Input Offset Voltage (Note 5) 4 5 7 9 10 mV
In;?ul Offset Voltage Rs = 00 7 15 7 20 4 7 7 pVIC
Drift .
Input Offset Current Iy = hing—) 30 75 100 150 45 200 | nA
Input Offset Current Rs =00 10 200 10 300 10 10 10 PA/"C
Drift
Input Bias Current Ng+) OF lin(=) 40 100 40 200 40 300 40 500 40 500 | nA




Typical Performance Characteristics

Input Voltage Range Input Current Supply Current
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Typical Performance Characteristics (continued) (1M2902 only)
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Application Hints

The LM158 series are op amps which operate with only a
: single power supply voltage, have true-differential inputs,

and remain in the linear mode with an input common-mode
voltage of 0 Vpe. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down 1o a minimum supply voltage of 2.3 Vpc.
Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the resuit-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.
Large differential input voltages can be easily accomodated
and, as input differential vottage protection diodes are not
needed, no large input curents result from large differential
input voltages. The differential input voltage may be larger
than V+ wilhout damaging the device. Protection should be
provided to prevent the input voltages from going negative
more than —0.3 Vpg (at 25°C). An input clamp diode with a
resistor to the IC input terminal can be used.
To reduce the power supply current drain, the amplifiers
have & class A output stage for small signal levels which
converts 1o class B in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP exiemal current boost tran-
sistors can be used to extend the power capabllity of the
basic amplifiers. The output voltage needs to raise approxi-
mately 1 diode drop above ground to bias the on-chip verti-
cal PNP transistor for output current sinking applications.
For ac applications, where the load is capacitively coupled
to the output of the ampilifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion. Where the
load is directly coupled, as in dc applications, there is no
crossover distortion.

Voltage Gain
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Capacitive loads which are applied directly to the output of
the ampiifier reduce the loop stability riargin. Vaiues of 50
pF can be accomodated using the worst-case non-inverting
unity gain connaetlion. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the amplifier. Y
The bias network of the LM158 establishes a drain current
which is independent of the magnitude of the power supply
vollage over the range of 3 Vpc to 30 Vpg.

Output short cireuits either to ground or to the positive pow-
er supply should be of short time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive function temperatures. Putling direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, If not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
oulput source current which is available at 25°C provides &
larger output curent capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The dircuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
i complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V+/2) will
aliow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range whech includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.




Typical Single-Supply Applications v+ = 5.0 vy

+Vin

p—O +Vgo

fat “R not needed dus to
T8k temperature indepandsent h
= TUHITT87-6
DC Summing Amplifier
(Vins 2 0 Vpcand Vg 2 0 Vpc)
R :
100%

TL/H/T767-8

Where: Vo = Vy + Vp + V3 + V,

Non-lnverting DC Gain (OV Input = 0V Output)
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Power Amplifier
L]
S0k
ALY
R2
180 v
_L—Wv
R3

Av =10

© TLHITIST-8

(V1 + Vz) 2 (V3 + Va) to keep Vg > 0 Vpe
“BI-QUAD"” RC Active Bandpass Filter
R1
100k
cl
330 pF
12Lm158
A2 RS
180k 470k
Vi \r o«
R4
1M
M 1/2 LS8
A3 $ c2
100k > 338 pf +
l l RE
470k
= AN -0 Vo
172 LM158
R?
1o = 1 kHz _ 100k .
o=5 g AAA—O V
- +
Ay = 100 (40 dB) a8 -l
100k 10.F T
- - TL/H/T767-10

Vo = 0VpcforVin = 0Vpe § g

Vo




Typical Single-Supply Applications v+ = 5.0 vpe) (Continued)

Fixed Current Sources

12 LM158 ——
TmA

¥,
- ,z_(ﬂ

Ju
2 TLHITTET-11

LED Driver

TULH/TI87-13

173 BMSAXX

TUL/H/TI87-15

Voltage Foltower

—O Vo

Vo = Viy

*Viw O

TUH/ITT87-17

Lamp Driver

Curmrent Monitor

TLIH/TIBT-12

Vo

we)
Vo=

*(increase A1 for i small)
VL £ v+ —2v

Puise Generator

A
Rl

A2
180k

iNg14

TL/H/7787-14

TL/HIT787-16




Typical Single-Supply Applications v+ = 5.0vpe) (Continved)

Squarewave Oscillator Pulse Generator
R1. Rl
100k I INg18
¢ MW

TUH/TIBT-18 TUHIT787-19
Low Drift Peak Detector
J 1uF
—’1« (POLYCARBOMATE O
N POLYETHYLENE) = 2ne20° "{ ‘I
i BAT 100 nA v
U
HIGH 2
LOW Zoyy l Y ;n‘
2e - m
: 1/2 LM358
AUX AMP
e a
R L INPUT CURRENT
" COMPENSATION
= TLIHI7T87-20
High Compliance Current Sink Comparator with Hysteresis
: W O Fa
Vi O lo
172 LM358 p—0 Vo

Rl

10K
+Vaee O— VWA + "2
1M

MV TUHI787-22

g = 1 amp/voit Vi :k
(increase Rg tor Ip small)

TLrH/7787-21




Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)
Voltage Controlied Oscillator (VCO)

0.05.F

) _l |___
A \ | | l l
*ve* 112 LM358 -
Sk .
/ 172 LM358 p——O 0uTPUT 1
V2 St
3

51
m— AN\
1 4

\

-0 DUTPUT 2

= TL/H/7787-23
*WIDE CONTROL VOLTAGE RANGE: 0 Vpg S Vg < 2 (V¥ ~1.5V pg)

AC Coupled Inverting Amplifier

8
100k
AV

TL/R/TTB7-24

Ground Referencing a Differential Input Signal

R1
m
" p—O Vo
Va
R4
(L]
*Vem
Vo = VR

TL/H/77687-25




Typical Single-Supply Applications v+ = 5.0vyc) (Continued)

AC Coupled Non-Inverting Amplifier

Rl R2
100k W

TLIHIT787-26
(]
081uF
n
16k
m O——AAN—4
€2
Vo
p @.ﬂquI.
Vo
(NI
° ®©
] TL/H/7787-27
Bandpass Active Filter
R1 RE
390% 1208
Vin O—AAA—¢ AN~
= 1/2 11358 0 Vo
R3
6204 + fo = 1kHz
<
Q=25

TL/H/7787-28
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Typical Single-Supply Applications v+ = 5.0 vpg) (Continued)

High Input Z, DC Differential Ampfifier

R2
190k
e AAA s )
Ri Re
100k 100k
v
I R3
- . 180k
12 LM3s8 A -
+V; O /2 Lm3ss Vo
;O +

For 1. P4 (CMRR depends onthis TUHITI87-29

R2 R3 resistor ratio match)
R4
Vo=1 * R V2— Vi)
As Showre Vo = 2 (V2 ~ V)
Photo Voltalc-Cell Amplifier Bridge Current Amplifier
B X Weee
m
Ry
A A
L
leee l -
(CELL RAS OV ]L 1/2 LM358 p—O Vo
ACR@SS 1T}
+
- For§ << tandRy >>H

= = TUH/7767-30 R 5\ Ry

vo = veer )

TL/H/7787-33

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

f1
100k

R} R4
100k 100k
Vv,
GAIN ADJUST
—OVo
RE a7
100k 100k

WV,

TL/H/7787-31
ItR1 = RS & A3 = R4 = R6 = R7 {CMAR dspends on match)

2R1
Vo= 1+ — -V
o= 1+ 5> (V2- Vi)

As shown Vg = 101 (V2 — Vy)
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Typical Single-Supply Applications (v+ = 5.0Vpg) (Continued)

Using Symmetrical Amplifiers to
Reduce Input Current (Generat Concept)

172 LM358 +Vo

. LRWLF
‘i AT EOnA
oJ_ -
" 1 =B
3 . ] AUX AMP
- s: < Y INPUT CURRENT
1 COMPENSATION
Schematic Diagram ach Amplifier)
vQ

TLIHIT787-32
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Physical Dimensions inches (milimeters)
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Order Number LM158AH, LM158AH/883, LM158H,
LM158H/883, LM258H or LM358H
NS Package Number HO8C
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