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Controlling a robotic arm using EMG

Mr. Ben Pattarakorn (42010182)
Mr. Santikorn Chaipiarn  (43010462)
Assist. Dr. Supan Tungjitkusolmun (Advisor)

2'"‘ Semester, Educational Year 2003

Abstract

This project, “Controlling a robotic arm using EMG”, is about measurement
the electric muscle from the Biceps brachii that is a main muscle for raising an arm.
After that we use the Labview for analyzing and keeping the electric graph when the
subject moves the arm. Finally, computer sends the digital output to microcontroller

for controlling a robotic arm.
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2.1.1 mrﬁlmﬂ‘um Skeletal muscle (Anatomy of Skeletal muscle)
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Orbicularis oris
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Deltoid Deltoid
Pectoralis major Rhomboideus
Latissimus dorsi oL
Serratus anterior Triceps
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Rectus abdomimis dorsi
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Extensor digitorum longus
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(a) (b)
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Metacarpals
Phalanges

Femur
Patella
Fibula
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2.1.3 min‘sxvj’uma Skeletal muscle (Activation of Skeletal muscle)

v 2 3
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2.2.3 Fueling Muscle Contraction

‘?J L [ Y] Y Y o @ Y Aﬁy Y
ATP | HLL‘I’Tﬂ\3ﬂ'IUWENQ’lHLﬂJ‘Uﬂ‘UWﬁHCI.‘HﬂUﬂ"Iiﬂﬂﬂ'J‘Uﬂﬁﬂﬁ’llllUﬂ 114LE’TU1U

¥ J a’: ~ o ) Hy Y w ' ¥y A Vs
NATMIUDUUUNAINU ATP ‘Ui'ii}Elgl‘wUQWE]YﬂHWﬁGﬂNMﬂE]']ﬂﬁﬂzﬂQL‘JJ’GJ\lﬂ'i'Uﬂ'JTlJ

P A T T yddg ¥ a a
muﬂ’m miwnzuui:ammmuﬂumzﬂmmuwmﬂu ATP 11ﬂu1ﬂLWUQW8Lﬁuﬂ Iﬂ{m

UMAINIIVBINEIIY 3 unasdagUi 2.6

e [ e
-~ - e N -
- ~ - ~

Crealine-b | (' Glycogen
. g J

T

" Creatine \1
. + A }_.J /

s p # =, £
<Lactic acid ' E
‘\ + ~P

.pther fuel

Tl .I',u{)iy‘;r; Respiration

- s
Glucose or

)

TR +

T l L1102 +HPO
A7 VG A 4
iy AP ]
/(’ Muscle (

gg_Co ntractio n)

. o

719 2.6 UNAINIIVOINAINY ATP

O Creatine phosphate
O Glycolysis 4843 glycogen

— o
O Cellular respiration 11 Tulnsneaimsvuos Irliwos

Creatine phosphate

3 " = @ 'y
lu  Creatine  phosphate  1lsznoulddrwnguuasroamlamniziuogeio

@ s s @ 4 5 Yo @
WAINUHUTEIzAU IugUNG9IU ATP 1599910 creatine phosphate TATUNG 1411

WomwaszAuguNn ATP uaztiowdenuauinlugives ADP ansoesuie’la

¥
AIUTUNITU

Creatine phosphate + ADP <--> creatine + ATP



11

¥

@ c; ' Y ¥ d’.‘ ciq 3 w =
waNmﬁ:ﬁuwaghmﬂunmmua‘mnmnﬂ creatine  phosphate  UW U

" 4 9 0 4 " U = d
Usznannninldannuvasdulsznm 10 w1 SaSsuaiioudn Wuunaudy

FIUITIUNAINU ATP

Glycolysis

3 [ =
nmoluiduloues Skeletal muscle 1sEnoUAI glycogen oY 1 % uazi
glycolysis Uanundaay ATP 11 2 Twana Tundazgmiswianvesluanansaianasn

'
[ =

2 Y A ! g A - ya ! Y & v
mammma‘lu‘naaﬂm%xuﬂwhlumnummwmwamz”l‘vmnssumaqmmﬂmmua ol

s lelall

Tunsainil lufisawedwiluneedossunassi —ATP vinnmsvwls  ed1elsanu

o w A8e aw. o el b dy . S ' o _
HAUAIDIOWAINU ATP UNUINVDVINABINADIVUOYN cellular respiration

Cellular respiration

" @ " a a 1 v Y
Cellular respiration 13 1A 1WA ATP 1AMSHININT SUANIVDINAUITTD

=t b = v = = 1o £V o a
gsei1uaed (avinmamelaanuazsd) uadagnldlumsdunigd glycogen 110

¥
NSAIAAATN (RAYLITNMIHIB19AN HAITINNTRRNMAINIY)

2.2.4 anwazna e adyaas Musele action potential

Muscle action potential (59109 motor unit action potentials (MUAPs) 1oz
" " : Ve nyd A azcl
Compound muscle action potentials (CMAPs)) Taunissrusu Pnmelelums
a o« é [ o 3 .; = o =3 ¥ = o
WNTIEN sruulsramingantwesnamitiesudainmslszdiudaniinnmsiiam

¥ .

vosndwide  wan ldnngldyapaldgminer 1§ lunsesueluidmmeinm
uazassanouie 1M unTudIwavesnawile Tuvazaany 1wy yazpaniIdIn1ow

A o o !
lI'J‘FILlIi’)EJ, rgvLINLANAI



12

pnweadygnulaoi llezldanudiryaesis spike MRAINAIZTGN
¥ " ¥
¥ ¥ : ' aw 1 3 o o
nszAuludulondmiile (Muscle Fibers) uaninnanu3sonsg filadumaumium
v [l '
Tinswh gusevesdyapaniudesudwansznuiiiann anuefiie seai

1 [ J [ b dy
TEUINNAIUIUD IﬂiQfﬁNVI'IQﬁﬂ'ﬁ]ﬁUﬂi?lﬁlﬂQﬂf’l'}lllu'il

EY Af ' - o 3 ; = g v Vv ‘;
venamie  anwlimilouduveandwilie  Ysinmanudildauguaduaie
uag msﬁugﬂnﬂaadu%’wm Intracellular action potential (IAP)

. ¥ '
nnilaivinduntiudmiianudinyaeanuukuiivesyddyaanmaduma
¥

NAUULAZY)

2ms
b= f !
leading spike terminal siow
edge wave alterwvave

gﬂ‘ﬁ 2.7 4739019 Y93 Muscle action potential

— < W ¥ ' | ¥ ot a 3 ull '
13U 2.7 3 u1adn Tugae leading edge gnar$1a9nn 15 AP 15 hlg
= ' 5 - A ~ 3 =3 ) '
VI endplate 329 terminal wave s inamsnap Tvath 1S adude
by g ' 3
naHanSaIdUB Y 1102 399 Slow after wave gRa3139n miAugvlaedisdives

IAP
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3.2.6  Help
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Butterworth Filter.vi
Generates a digital Butkerworth filker using the
+ sampling frequency, low cutoff frequency, high
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Acquires a specified number of samples at a specified sample rate from
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Butterworth Filter.vi

Generates 3 digital Butterworth filter using the
sampling frequency, low cutoff frequency, high
cutoff frequency, order, and filter type by calling
the Butterworth Coefficients VI,
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Amplitude and Phase Spectrum.vi

Computes the single-sided, scaled amplitude spectrum magnitude and phase of
a real time-domain signal.
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BURR - BROWN®
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e

High Accuracy
INSTRUMENTATION AMPLIFIER

FEATURES

® LOW DRIFT: 0.25uV/°C max

® LOW OFFSET VOLTAGE: 25V max
@ LOW NONLINEARITY: 0.002%

@ LOW NOISE: 13nV/VHz

® HIGH CMR: 106dB AT 60Hz

@ HIGH INPUT IMPEDANCE: 10}

@ 14-PIN PLASTIC, CERAMIC DIP,
SOL-16, AND TO-100 PACKAGES

DESCRIPTION

The INATOT is a-high accuracy instrumentation ampli-
fier designed for low-level signal amplification and
general purpose data acquisition. Three precision op
amps and laser-trimmed metal film resistors are inte-
grated on a single monolithicuntegrated circuit,

OMfsat
Ady

T0-100 PACKAGE

APPLICATIONS .

® STRAIN GAGES

® THERMOCOUPLES

@® RTDs

® REMOTE TRANSDUCERS

® LOW-LEVEL SIGNALS

@® MEDICAL INSTRUMENTATION

The INATOl s packaged in TO-100 metal, 14-pin
plastic and ceramic DIP, and SOL-16 surfacc-mount
packages. Commercial, industrial and military tem-
perature range models are available.
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SPECIFICATIONS

ELECTRICAL

At +25°C with £+15VDC power supply and in circuit of Figure 1, unless otherwise noted.

INATO1AM, AG INATO15M, SG INATO1CM, CG INAT0THP, KU
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
GAIN
Range of Gan 1 1000 . . S . . v
Gain Equation G =1+ (40KR,) . . 5 W
Error from Equation, DCM +{0.04 + 0.00016G +0.1 + 0.0003G " J : N +H0.1 . +H0.3+ ¥,
-0.02/G) -0.05/G) 0.00015G) 0.0002G)
-005/G -0.10iG
Gain Temp. Coefficient!®
G=1 2 5 : - . N ppmi*C
G=10 0 100 ' : 10 d ppmv'C
G =100 22 10 = g " g ppmi C
G = 1000 22 10 : : n B ) . ppnyC
Nonbneanty, DC# £(0002 + 103G} | £{0005+2x104G) +(0.001 +(0.002 +(0.001 +(0.002 - : ol pp FS
+10-5G) +10-5G) «10-5G) 104 G)
RATED OUTPUT
Voltage +10 125 " L v v
Current 5 +10 : 2 : L ! mA
Output Impedance 02 X 0
Capacawe Load 1000 ; pt
INPUT OFFSET VOLTAGE
Initial Offset at +25 C +(25 « 200/G} *(50 + 400IG} *104 25 +(10+ (25« (125 « +(250 + uv
100/G) +200(G) 100/G) 2000G) 4500G) 900G
vs lemperature 2 v 20/G) H0.75 +(0.25 + £(2 « 200G) uVi €
+101G) 0G)
vs Supply =(1+ 20/G) T nun
vs Time ={1 + 201G) . Jimic
INPUT BIAS CURRENT
Inwat Bigs Current
{each mput) 14 30 +10 3 3 +2() nh
vs Temperaure | 2 y ' nAs C
vs Supply H11 - g * nAsy
Inmal Offset Current £14 +30 +10 i 15 20 : ¥ nA
vs Temperalure 105 * g nAl-C
INPUT IMPEDANCE
Differenual 103 L J x L pf
Common - made 1013 3 3 g L3] pf
INPUT VOLTAGE RANGE
Ranqge. Limear Response +10 £12 . . . . Iy
CMR with 1kt2 Source Imbalance
DC 1o 60Hz G =1 a0 40 i £ 3 it 15 1B
DC 10 60HL G = 10 9% W06 : : . ; 90 5 df
DC 10 60H1. G = 100 10 1000 106 10 2 $ . J 100 105 dB
INPUT NOISE
Input Voltage Norse
Iy = 0.01Hz 10 10H; 0g | . £ uV.pp
Density, G = 1000 .
lg = 10HZ 18 b . i nVivHz
lo = 100Hz 15 . y * nVivHz
Iy = 1kHz 13 : i t nVivHz
Input Cutrent Narse
e = 0.01Hz 10 10Hz 50 ¥ g 4 pA, p-p
Density .
to = 10H2 08 \ : 2 pHz
1y = 100H2 046 : J : LA HE
1, = TkHz 035 . s . T
DYNAMIC RESPONSE
Small Signal, =3dB Flainess
G=1 300 ) ! ) kh2
G=10 140 ‘ N N kHz
G =100 2 ¢ s * kHz
G = 1000 25 : : . kHz
Smail Signal, +1% Flatness
G=1 20 2 . kHz
: 10 : ¢ kHz
( 1 . - Hr
G = 1000 200 : : "
Full Power G = 110100 64 . . sHz
Slew Rate, G = 110100 02 04 . . $ * Vies
Setthng Time (0 14)
G=1 30 40 . ° ) : s
G =100 40 55 . . . . ' us
G = 1000 350 470 . : . . ) : W
Seuing Time (0.01%) )
G=1 10 45 5 = ° ) ) s
G =100 50 10 i & ° . : : M
G = 1000 500 650 : ) ° . ) ’ us
POWER SUPPLY
Rated Voltage 15 : : v
Voltage Range +5 20 . . . ) ’ ’ v
Current, Quiescent'?! 6] +85 . . : . ’ vA
TEMPERATURE RANGE®
Specification -25 «B5 -55 «125 3 . 0 10 ¢
Opetation 55 4125 . ¥ ' . =25 +Hh «
Slorage -65 <150 : . . . -40 +85 ¢

* Specihcations same as for INAT01AM. AG .
NOTES (1) Typscally the tolerance of R,; wall be the magor source of gam enor (2) Nonkneanty 15 the maximum peak deviation from the best straight-line as a percentage of peak-to-peak full scale output (3) Not inchuding the TCR of Ry, (4) Adjustabc
10 2eto 31 any one gain (5) U, output slage = 113°C/W, 1), quiescent cucuitry = 19°C/IW. 6, = B3 CW

BURR - BROWN
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PIN CONFIGURATIONS

Top View
T0-100 Dip
M Package G and P Package
=In N
Qutput | 1 14 | Common
Gain Set +Vee
+Vee | 2 13| -Vee
Offset o Qutput —Input | 3 12 | +Input
Adjust o]
SoIC Gain Sense 1 | 4 11 Gain Sense 2
Offset (7)) Common U Package e
Adjust Gain Set 1 10 | Gain Set 2
Gan =Vee Output | 1 [ 16 | Common Offset Adj. 9 | A2 Output
Set ~— —
+In Wee | 2 15 | -Vee Offset Adj. | 7 8 | A1 Output
—Input | 3 14 | +Input
Gain Sense 1 | 4 13 | Gain Sense 2
Gain Set1 | 5 12 | Gain Set 2
Offset Adj. | 6 11| A2 Output
Offset Adj. |7 10| A1.Output
NC | 8 9 | NC
ORDERING INFORMATION ABSOLUTE MAXIMUM RATINGS
PRODUCT PACKAGE TEMPERATURE RANGE Supply Voltage ........... +20V
INATO1AM 10-Pin Metal TO-100 —25°C fo +85°C PawenDissipalion [ = S00mw
INATD1CM 10-Pin Metal TO-100 ~25:C'10 +85°C e o ko BV D P i B - *Vee
INATDTAG 14-Pin'Ceramic DIP 25'C10:+85°C Qutput Shor Circu (10 ground) witonbnuaLE
INATO1CG 14-Pin.Ceramic DIP ~25°C 16 +B5/C VofratigrereRealatifo G Packagé 95 Clo125:C
INATOTHP 14-Pin.Plastic DIP 0°C 10 +70/C Y G - ~mmmontme =25 B0 A0
INATOTKLU SOL-16'Surface-Mount 0"Clo470°C Storage Temperature M, G Package .- =65 Qi 5? &
INATO1SG 1 44Pin CBramic QIP “85°C 1o +125:C R Ufarigge T o Ao
INA1O1SM 10-Pin Metal TO-100 _55'C lo +125°C Lead Tempezature |soldenng 105) M. G P Package . .. +300C
Lead Temperalure (wave soldenng, 3s) U Package ... . +260°C

PACKAGE INFORMATION

$# ELECTROSTATIC

PACKAGE DRAWING
PRODUCT AN W MW ED A A& DISCHARGE SENSITIVITY
INATO1AM 10-Pin Metal TO-100 007 This integrated circuit can be damaged by ESD. Burr-Brown
INA101CM 10-Pin Metal TO-100 007 g : 4 S ; it

s, s that all integrated circuits be handled with ap-
koA 14.Pin Corar O e rece n'lnmcnd llm_ al lrvig,u e dled p
INA101CG 14-Pin Ceramic DIP 169 propriate precautions. Failure 1o observe proper handhing and
INATO1HP 14-Pin Plastic DIP 010 installation procedures can ciause damage.
INA101KU SOL-16 Surlace-Mount 21 : . .
INA101SG 14-Pin Ceramic DIP 169 ESD damage can range from subtle performance degradation
INA101SM 10-Pin Metal TO-100 007 to complete device failure. Precision integrated circuits may

be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet. or Appendix D of Burr-Brown IC Data Book.

The information provided herein is 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 patent rights or licenses 10 any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authonze or warrant
any BURR-BRGWN product for use in life suppon devices and/or systems

BURR - BROWN
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TYPICAL PERFORMANCE CURVES

Al +25°C, Ve = £15V unless olherwise noted.

GAIN NONLINEARITY vs GAIN

GAIN vs FREQUENCY

0.01
blf G = 1000
. 60 =
Q ~ -
2 0,003 T
2 Max _____/ - G =100 S
it @ 40 <
2z el 5
@ e N
2 % G=10 : N
= 5 Typ LIPS e
o 0.001 \
=z 0o / \
% G=1 1% Error - b
Q 0 \
0.0003 !
1 10 100 1000 100 1k 10k 100k 1M
Gain (V/V) Frequency (Hz)
CMR vs FREQUENCY WARM-UP-DRIFT vs TIME
120 - 10
G =100, 1000 g
G=10 \ a8
100 s
\ 3
_ | '
% G=1 | A .
o 80 (&}
g =
o
Balanced £ ¢
Source E
60 | o
| ! 2 2
i | ]
i G
J 0
: 10 100 1k 10k 0 | 2 3 4 5
Frequency (Hz) Time (Minutes)
QUIESCENT CURRENT vs SUPPLY STEP RESPONSE
+9
G=1
. +10
< 48
£ & G = 1000
s __+5
3 >
6 +7 é 0
i) 5
o &)
@ -5
O: +6
-10
x5
0 +5 +10 15 +20 0 100 200 300 400 500 600
Supply Voltage (V) Time (ps)
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TYPICAL PERFORMANCE CURVES (CONT)

Al 425 C, Ve = 215V unless otherwise noted.

SETTLING TIME vs GAIN

1000
R, =2kQ »
= C. = 1000pF 0.01%
E L
‘E‘ 0.1%:
= 100
g y
= | %
@ h‘_-—_—_._-""'———-—_____,——_—’//
I — 1%
10
1 10 100 1000
Gain (V/V)
INPUT NOISE VOLTAGE
vs FREQUENCY (100« GAIN < 1000)
1000

g
T
|

Input Noise Voltage (nV/vHz)

o

0 10 100 1000
Frequency (Hz)

APPLICATION INFORMATION

Figure | shows the basic connections required for operation
of the INATOL. (Pin numbers shown are for the TO-100
metal package.) Applications with noisy or high impedance
power supplies may require decoupling capacitors close to
the device pins as shown.

The output is referred to the output Common terminal which
is normally grounded. This must be a low-impedance con-
nection 1o assure good common-mode rejection. A resis-
tance greater than 0.1€2 in series with the Common pin will
cause common-mode rejection to fall below 106dB.

SETTING THE GAIN
Gain ol the INATOI is set by connecting a single external
resistor. R

40k
TR

«

G=1 (hH

OUTPUT NOISE vs GAIN

30
)
E
z
s 2
o
g
3
>
2
210
5 Fi., = 1000k
- Re = 10kE

0

0 10 100 1000

Gain (V/V)

The 40k term in equation (1) comes from the sum of the
two internal feedback resistors. These are on-chip metal film
resistors which are laser trimmed to accurate absolute val-
ues.- The accuracy and temperature coefficient of these
resistors are included in the gain accuracy and drift speciti-
cations of the INA10I.

The stability and temperature drift of the external gain
setting resistor, Rg, also affects gain. Rg's contribution 1o
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring
resistance which will contribute additional gain error (possi-
bly an unstable gain error) in gains of approximately 100 or
greater. The gain sense connections on the DIP and SOL-16
packages (see Figure 2) reduce the gain error produced by
wiring or sockel resistance.

BURR - BROWRN«
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OFFSET TRIMMING

The INA101 is laser trimmed for low offset voltage and
drift. Most applications require no external offset adjusi-
ment. Figure 2 shows connection of an optional potentio-
meter connected to the Offset Adjust pins for trimming the
input offset voltage. (Pin numbers shown are for the DIP
package.) Usc this adjustment to null the offset voltage in
high gain (G = 100) with both inputs connected to ground.
Do not use this adjustment to null offset produced by the
source or other system offset since this will increase the
offset voltage drift by 0.3uV/°C per 100uV of adjusted
offset.

Offset of the output amplifier usually dominates when the
INATOL is used in unity gain (G = 1). The output offset

voltage can be adjusted with the optional trim circuit con-
nected to the Common pin as shown in Figure 2. The voltuge
applied to Common terminal is summed with the output.
Low impedance must be maintained at this node to assure
good common-mode rejection. The op amp connected as a
buffer provides low impedance.

THERMAL EFFECTS ON OFFSET VOLTAGE

To achieve lowest offset voltage and drift, prevent air
currents from circulating near the INA101. Rapid changes in
temperature will produce a thermocouple effect on the
package leads that will degrade offset vollage and drift. A
shield or cover that prevents air currents from flowing near
the INATOIL will assure best performance.

No
Cunneqtion
2 l ] 3 TO-100 PACKAGE
INA101
10k(2
8 Output
'Vo =G (Ey—E;)
10ks2 A
Tantalum Tantalum
+
WA o (IG5
— <¥iF : i 1uF -
+15V 15V
FIGURE 1. Basic Connections.
+15V
Input Oftset Adjustment 100k
Do not use to null source or system A, Output
offset (see text). R 7 DIP PACKAGE
‘E@4W INA101
= 10kE2 10K02
4
5 20k€2
Rs 10 U Vo= GHE, = Ep) +Veop
qok L] 20kQ2
G=1+ —=
Rg o & o
ommon com
2 A WA WW—t—
+ 10kQ2 10kt 15V I Approximately
=15mV Range
% 2 [ I 13
+15V =15V A, O-ulput Pinout shown
18 for DIP packages. 100k
Qutput Offset
_15V 1k Adjustment

FIGURE 2. Optional Trimming of Input and Output Offset Voltage.

BURR - BROWN®
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D - SEPTEMBER 1978 — REVISED AUGUST 1996

® [ow Power Consumption ® [ow Noise

® Wide Common-Mode and Differential Vn =18 nV/VHz Typ at f = 1 kHz
Voltage Ranges High Input Impedance . . . JFET Input Stage

® Low Input Bias and Offset Currents Internal Frequency Compensation

Output Short-Circuit Protection Latch-Up-Free Operation

® Low Total Harmonic Distortion High Slew Rate . . . 13 V/us Typ

0.003% Typ Common-Mode Input Voltage Range
Includes Ve,

description

The JFET-input operational amplifiers in the TLO7_ series are designed as low-noise versions of the TLO8 _
series amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low
noise make the TLO7_ series ideally suited for high-fidelity and audio preamplifier applications. Each amplifier
features JFET inputs (for high input.impedance) coupled with bipolar output stages integrated on a single
monolithic chip.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of =55°C to 125°C.

AVAILABLE OPTIONS

PACKAGE
i Viomax | smMALL CHIP CERAMIC | CERAMIC | PLASTIC | PLASTIC TSSOP FLAT
AT 25'C | QUTLINE | CARRIER DIP DIP DIP DIP PACKAGE PACKAGE
(o)t (FK) (J) (JG) (N) (P) (PW) (w)
10mV | TLO71GD TLO7ICP | TLO71GPWLE
6mV | TLO71ACD Ay A Y. - TLO71ACP . i -
3mVv | TLo7iBCD TLO71BCP 2
— 10mV | TLo72CD TLO72CP . | TLO72CPWLE
e 6mV | TLO72ACD L1 Y — ke TLGT2ACP - —
3mV | TLO72BCD TLO72BCP 2
10mV | TLO74CD TLO74CN TLO74CPWLE
6mV | TLO74ACD — < — TLO74ACN —_ [ —
3mV | TLO74BCD TLO74BCN —
‘ TLOZ1ID - TLO71IP
‘43%%‘0 6mvV | TLO72ID - — - . TLO72IP — -
TLO741D TLO74IN —
_e5C 1o 6 mv TLO71MFK = TLO71MJG — — -
by 6 mV — TLO72MFK s TLO72MJG R TLO72MP — —
9 mv TLO74MFK | TLO74MJ 1 B TLOZ4MN — TLO74MW

T The D package is available taped and reeled. Add the suffix R 10 the device type (e.g., TLO71CDR). The PW package is only available left-ended
taped and reeled (e.g.. TLO72CPWLE).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

]
Is;::lig;rglzﬁr;?:’y;‘;reo:ucnnn processing does nol necessarily include ” TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265 1



TLO71, TLO71A, TLO71B, TL072

TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D - SEPTEMBER 1978 - REVISED AUGUST 1996

TLO71, TLO71A, TLO71B
D, JG, P, OR PW PACKAGE

(TOP VIEW)
OFFSET N1 [] 1 Y 8[] NC
IN—[] 2 7 Vee s
IN+ ] 3 6[] out
Vec- [} 4 5[] oFFSET N2
TLO71
FK PACKAGE
(TOP VIEW)
=z
}.L
L
[9p]
L
Ow OO0
Z 0222
s LIUTTIJCIT T
1 2019
NC ]43 e " 18[] NC
IN- 1] 5 170 Ve
NC []6 16[] NC
IN+ []7 15[] ouT
NC |] 8 14[] NC
9 10 11 12 13
1CAMmE—3
O '
Z202E =
O QL
> w
w
w
(VIS
s,
NC — No internal connection
symbols

OFFSET N1 ——

IN+

IN-

OFFSET N2

TLO72, TLO72A, TLO72B
D, JG, P, OR PW PACKAGE

TLO74, TLO74A, TLO74B
D, J, N, OR PW PACKAGE

(TOP VIEW) TLO74 ... W PACKAGE
), (TOP VIEW)
10UT [] 1 8] Ve + 7
1IN=[] 2 7[] 20UT 10UT(] 1 14]] 40UT
1IN+ ] 3 6 [] 2IN- 1IN=[] 2 13[] 4IN-
Vee- [] ¢ 5[] 2IN+ 1IN+[] 3 12[] 4IN +
Vee L[l 4 1{] Vee -
2IN+[] 5 10[] 3IN+
2IN-[] & 9{] 3IN-
20UT[] 7 8[] s3ouT
TLO72 TLO74
FK PACKAGE FK PACKAGE
(TQP VIEW) (TOP VIEW)
500G 15 5
O Q O = Q =
= 9 vl >O =z . 9— b g =
el 1L T T P, ™ | " j CN S |
20 1 3.2 1 2019
o\ SO SN e 7 0 1Ns ] 4 o] b
TIN=-1T5 17[] 20UT NC []s 17[] NC
NC [Je 16[] NC Ve [Ie 16(] Voe -
1IN+ []7 15[ 2iN- NC [] 7 15[] NC
NC [] 8 14[] NC 21N+ [] 8 14[] 3IN+
9 10 11 12 13 Owb@ 11 1R 13
(mrm il rm (vw | o v e ' |
| | = H
Y/ G z 212
é) o ol g Q@
TLO72 (each amplifier)
TLO74 (each amplifier)
IN+ ————
ouT
IN-

{" TEXAS
INSTRUMENTS
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D ~ SEPTEMBER 1978 — REVISED AUGUST 1996

schematic (each amplifier)

Vee+ '

\ ouT
|
|
|
| =
| Ci
'
18 pF
G <
|
1080 ©
|
|
|
OFFSET
NULL
(N2)
F
\/
TLO71 Only
All component values shown are nominal,
) COMPONENT COUNTT
COMPONENT
TYPE TLO71 TLO72 TLO74
Resistors 11 22 44
Transistors 14 28 56
JFET 2 4 6
Diodes 1 2 4
Capacitors 1 2 4
epi-FET 1 2 4

tIncludes bias and trim circuitry

*ﬂ’ TEXAS
INSTRUMENTS
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TL072B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D — SEPTEMBER 1978 - REVISED AUGUST 1996

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Voo (see NOte 1) .. oo 18V
Supply voltage, Voo (see NOte 1) ... .. o -18V
Differential input voltage, V|p (see Note 2) . ....... .. ... ... ... ... i +30V
Input voltage, V| (see Notes 1 and 3) . .......... . +15V
Duration of output short circuit (see Note 4) ... ....... ..., unlimited
Continuous total power dissipation . ............. ... ... ... ... ... .. .. See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ........................... ... .. ... .. . 0°C to 70°C

L BB o sos 56 905 55 500 fie oo ave soous nos v siecss s s -40°C to 85°C

MSUHI = v e mis g e e se T LY —-55°C to 125°C
Storage temperature range . ......... ... i s e e wes g 3 =09 G0 150°€
Case temperature for 60 seconds: FK package .cusmmmmmmn . -t oo 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J, JG, orW package ............ 300°C
Lead temperature 1,6 mm (1/16/inch) from case for 10 seconds: D, N, P, or.PW package ......... 260°C

T Stresses beyond those listed under "absolute maximum ratings” may cause peérmanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “recomimended operating conditions™ s not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device rehiability

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpaint between Veoe+ and Vg

2. Differential voltages are at IN+ with réspect 10 IN=]

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whighever is less

4. The output may be shorted to ground or to_either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating 1s not'exceeded;

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING DERATE Ta =70°C Ta =85C Ta =125°C
POWER RATING FACTOR ABOVETpA POWER RATING POWER RATING POWER RATING
D (8 pin) 680 mW 58 mwW/ C 330 465 mW 378 mW N/A
D (14 pin) 680 mW 7.6 mW/ C 60°C 604 mw 490 mw N/A
FK 680 mw 11.0 mw/°C 88°C 680 mW 680 mW 273 mW
J 680 mwW 1.0 mW/'C 88'C 680 mwW 680 mw 273 mW
JG 680 mw 8.4 mWI/C 69"C 672 mwW 546 mwW 210 mw
N 680 mW 9.2mW/'C 76°C 680 mW 597 mW N/A
= 680 mwW 8.0mwW/C 65°C 640 mW 520 mw N/A
PW (8 pin) 525 mwW 4.2 mwW/'C 70°C 525 mW N/A N/A
PW (14 pin) 700 mW 5.6mW/"'C 70:C 700 mwW N/A N/A
w 680 mw 8.0 mW/'C 65'G 640 mW 520 mwW 200 mw

‘tﬂ’ TEXAS
INSTRUMENTS
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electrical characteristics, Voei = +15 V (unless otherwise noted)

TLO71C TLO71AC TLO71BC TLO71I
+ + TLO72C TLO72AC TLO72BC TLO72I
PARAMETER TEST CONDITIONS Ta TLO74C TLO74AC TLO74BC TLO741 UNIT
MIN TYP MAX | MIN TYP MAX| MIN TYP MAX | MIN TYP MAX
” ; i t o e BB 25°C 3 10 3 6 2 3 3 6 "
nput offset voltage =0, =50¢ m
. ° d e = Full range 13 7.5 5 8
Temperature
o0 coefficient of input V=0 Rg = 504) | Full range 18 18 18 18 pv/ic
offset voltage
' I 25°C 5 100 5 100 5 100 5 100 pA
| ff =
10 nput offset current Q FATange 0 ) 5 P 7y
: s |v o 25°C 65 200 65 200 65 200 65 200 pA
Input bias current =
8 Pu 0 Full range 7 7 7 20] mA
Common-mode z. ¥ B A
Vicr input voltage range 23°C g to in to 11 to bl to "
g ar iang 15 15 15 15
Maximum peak RL =10 kQ 25°C .27 + 138 P2 A 1S 12 02185 +12 +135
Vom output voltage RL 2 10k 12 12 12 12 \
swii Full range
9 RL22kQ +10 +10 +10 +10
Large-signal 25'G 25/ 7,200 50~ ..200 50 .200 50 200
AvD differential voltage |[Vp=+10V, R 22k VimV
amplification Full range 15 25 25 25
Unity-gain W
Bt bandwidth P2 3 3 3 3 MHz
N Input resistance 25°C 1012 1012 1012 1012 Q
Comman-mode Vic = Vicgmin,
B 75
CMRR rejection ratio Ny Rg =500 25'C 70 100 75 100 5 100 75 100 dB
Supply-voltage
: ‘ Voo =9 Vio k15w,
KSVR rejection ratio vl RNNY e 70 100 80 100 80 100 80 100 dB
(AVEC £/8V10) o= S
Ice Shipply Earren] Vo =0 No load 25.C 141 25 14 25 14 25 14  25[ mA
(each amplifier)
N Crosstalk Acrry =400 25°¢ 120 120 120 120 dB
O17Y02  apenuation vD =

T All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified

tFull range i1s Ta = 0°C to 70°C for TLO7_C.TLO7 _AC, TLO7 _BC and s Ta = -40°C to 85°C for TLO7 _|
§1npu| bias currents of a FET-input operational amplifier are normal junclion reverse currents, which are temperature sensitive as shown in Figure 4. Pulse techniques must be used
that maintain the junction temperature as close to the ambient temperature as possible.

SH3I4ITdINY TYNOILYHIdO LNdNI-L34r 3SION-MO
8v20711 ‘V#2011 ‘720711 ‘9220711 ‘Y2201

¢L071L ‘9k201L ‘V120TL 120711

9661 LSNDNY 03SIAIH ~ 826 HIBWILJIS — A0B0SOIS



TLO71, TLO71A, TLO71B, TLO72
TLO72A, TL072B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D - SEPTEMBER 1978 — REVISED AUGUST 1996

electrical characteristics, Voc: = 15 V (unless otherwise noted)

ILAS1M TLO74M
PARAMETER TEST CONDITIONST Tat TLO72M UNIT
MIN  TYP MAX | MIN TYP MAX
25°C 3 6 3 9
Vio Input offset voltage Vo =0, Rg =50Q mVv
Full range 9 15
Temperature coefficient of ;
=0, = 18 18 V/°C
ayio input offset voltage Vp=0 Rg =50 | Full range n
i Ve =0 25°C 5 100 5 100| pA
Input offset current =
¥ ¥ = o Full range 20 20| nA
| b 1 " 0 25°C 65 200 65 200 pA
| 1 =
1B nput bias current @) 50 50 =
c ! -T2 -12
ViCR sl 25°C M =11 to v
voltage range 15 15
Ry =10k 25°C 1% =135 12, +13.5
Vom Maximum peak output RL =10 kO RE) 12 Vv
voltage swing Full range
Rl =2k +10 +10
§ 25'C 35 200 35 200
AVD Large-signal ‘d\HeTerma\ Vo = £10.V Rz 2 ki) vimV
voltage amplification 15 16
By Unity-gain bandwidth T i2sil 3 3 MHz
ri Input resistance Tpi254C 1012 1012 2
o A : ) .
CMBR Common-mode rejeetion Vic ICRMIN 5.0 80 86 80 86 a8
ratio Vo =0 Rg =501¢)
up -vol =+9Viot1 g
o Supply-voltage rejection Vee 9Vioxi5V 250 80 86 80 86 dB
rato (AVoc+/AV|g) Vo =0, Rg =506
Supply current (each =
= No load 25'C 1.4 23 1.4 2.5 nA
lcc amplifier) 50 3G ELA
Vp1/Voz Crosstalk attenuation Ayp =100 25°C 120 120 daB

TInput bias currents of a FET-input operational amplifier are normal junction reverse currents. which are temperature sensitive as shown in
Figure 4. Pulse techniques must be used that willmaintain the junction temperature as close 1o the ambient temperature as possible

 All charactenstics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range is
TA=-55C1t0125 C
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D — SEPTEMBER 1978 - REVISED AUGUST 1996

operating characteristics, Voo = +15 V, Ty = 25°C

TLO7xM ALL OTHERS
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Vi=10V, R =2kQ,
SR Slew rate at unit
unity gain CL =100 pF, See Figure 1 3 13 B 1 Vi
l Rise time overshoot Vi=20mV, RL = 2 k. 0.1 0.1 M8
f factor CL =100 pF, See Figure 1 20% 20%
f=1kHz 18 18 nvAHz
Vi Equivalent input noise Rg =200
voltage f=10Hzto 10 kHz 4 4 uv
Equivalent input noise e
In current Rg =200, f=1kHz 0.01 0.01 pANTZ
Virms =6V, Ayp =1,
Total h
THD otal harmonic AL 2 2 ke Rg < 1 kL 0.003% 0.003%
distortion { = 106z

PARAMETER MEASUREMENT INFORMATION

Vi

Vee -

Figure 3. Input Offset Voltage Null Circuit
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D — SEPTEMBER 1978 - REVISED AUGUST 1996

TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE

B Input bias current vs Free-air temperature 4

vs Frequency 56,7
VoM Maximum output voltage :2 E;ii?g;::gi:;amre g
vs Supply voltage 10
AvD Large-signal differential voltage amplification :: E:zz::;t;mperalure 1”2
Phase shift vs Frequency 12
Normalized unity-gain bandwidth vs Free-air temperature 13
Normalized phase shift vs Free-air temperature 13
CMRR Commeon-mode rejection ratio vs Free-air temperature 14
ce Supeifugfent :2 E‘r,jepeelaylrvg:geeramre :2
Pp Total power dissipation vs Free-air temperature 17
Normalized slew rate vs Free-air temperature 18
Vn Equivalentinput naise voltage vs Frequency 19
THD Total harmanic distortion vs Frequency 20
Large-signal pulse response vs Time 21
Vo Output vollage vs Elapsed time 22
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D — SEPTEMBER 1978 — REVISED AUGUST 1996

TYPICAL CHARACTERISTICST

INPUT BIAS CURRENT MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE FREQUENCY
100—xry ; 15 T T T T T
Vec+=z15V Vee+=+15V R =10 kQ2
>I Tp =25°C
/ % +12.5 See Figure 2
< 10 P =
1 - ‘>-
c - .?'.' +10 Vees==x10V ‘
£ =7 = 3
3 7 5
o /) x
© 1 — S +75 \
) 7 o
- 1 yd E
= 4 =
2 ; 7 & ot Vcec:=35V
5 0.1 T 1 / %
@ =" = \
= = |
/] = 2.5 )
o
] T — y & £ N
I' 1 PN
0.01 ! 0 b | [
~75 -50 -85 0 25 50 75 100 125 100 1k 10 k 100 k 1M oM
Ta — Free-Air Temperature — 'C opagicyy ¥
Figure 4 Figure 5
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
vs Vs
FREQUENCY FREQUENCY
£15 T T T 77T +15 1 T TTT7]
> R =2 kQ - VCC:=-’~‘5V%
! Tp = 25°C | RL =2kQ
Vege = +15V A Ta=25C |
& t125 V2 % See Figure 2 & #125 2 ~ See Figure 2
s | | b} ~
o [ \ G \ \
> | 11 | >
3 0 i : 3+ \
5 [ 11 \ 5 Tp =-55"C
o | Veos =210V (o] | \ ‘
. 4 | = x
S 75 1 o +75 i f
a \ 3 i
5 = Ta=125C | |
E 45 E 15 B T
] 5 ‘ }
S Vee+ = 5V s | l\ | }
I | I
Z 25 : 3 Z +25 \
> [ (T N = I
{ {111 \ \4..__.__4 \\
100 1k 10 k 100 k M 10M 10k 40k 100k 400k 1M 4M 10M
f - Frequency - Hz f - Frequency — Hz
Figure 6 Figure 7

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TLO74, TLO74A, TL074B

LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS080D - SEPTEMBER 1978 — REVISED AUGUST 1996

TYPICAL CHARACTERISTICST

MAXIMUM PEAK OUTPUT VOLTAGE
Vs
FREE-AIR TEMPERATURE

MAXIMUM PEAK OUTPUT VOLTAGE
Vs
LOAD RESISTANCE

+15 T T T +15 T T
1 : R =10 k) Vegi=*15V
" — " ] Ta = 25C Wy
cl-’ ! ! l dl.a A= 1
=125 T +125
g l— o See Figure 2 —
2 | AL = 2k — = i T
(=} | o ' 1
= | | 1 = | rd
2 +10 T I 1 > +10 1 T
s I | ‘ & | [
3 b=} | IR
= 1 ‘ o // [
x | | x | |
© +7.5 4 y— 4 © +7.5 a. 8 + ™1
g | g V |
E ! £ |
E s = E|///ds
; r .; i 4‘
© | | @ |
= | s / .
. Ll
z 25 ‘ I - 31 +&% —— 111t
el Vec-==15V | ) = ! ]
See Figure 2 | =R A\
0 I ! i L - 0 ! 1~ i IR I !
-75 -50 -25 0 25 50 75 100 125 oA .02 P 0.7 1 2 4 7 10
Tp — Free-Air Temperature - -C R| - Load Resistance — k{l
Figure 8 Figure 9
LARGE-SIGNAL
MAXIMUM PEAK OUTPUT VOLTAGE DIFFERENTIAL VOLTAGE AMPLIFICATION
Vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
18 T i % 1000
5 RL =10 kQ
I Ta =25C 400
& +125 | &
< | | .0
= | , = F 200
- | / 5.3 N
5 =10 [ — £ ' 100 N ~ |
s | / a7s = T~
o | | T = 1z S S ==
- - Y 58 -
§ =75 | V o= i
e / d B 20 B
£ ‘ o2
3 <
E 45— T =4 & 10 =
% Wl b8 =
= v i g —
< 25 — | | < 4 Veg.==15V [ g
5 | ‘ [ Vg=+10V
= | | 21 R =2kQ ’
0 ] | | 1 | | | | ] J
0 2 4 6 8 10 12 14 16 -75 -50 -25 0 25 50 75 100 125

Ve +| = Supply Voltage - V
Figure 10

Tp — Free-Air Temperature - C

Figure 11

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the vanous devices
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TLO71, TLO71A, TLO71B, TL072
TL072A, TLO72B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
SLOS080D - SEPTEMBER 1978 - REVISED AUGUST 1996
TYPICAL CHARACTERISTICST

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
AND PHASE SHIFT

vs
FREQUENCY
1086 - T r T
Vec+=+5VIot15V
\ RL =2 kQ
5 10 N Tp = 25°C
N ||
- B
2 2 104 |~ 0 =
= ® Differential =
2 < h\\ \ Voltage &
L= it 3 o
‘& g, 108 Amplification 45 ®
L \ \ i
[ ]
2o \
5 4 ~ , —] 80
y < \
[=
> :
< 1 Phase sr}m \ = B Jugas
10 ‘ \
J
1 ] 5 \ 180
1 10 100 1k 10k 100k 1M 10M
f - Frequency - Hz
Figure 12
NORMALIZED UNITY-GAIN BANDWIDTH
AND PHASE SHIFT
vs
FREE-AIR TEMPERATURE
1.3 ‘ “ 1.03
Y EOLS G
£ 1.2 Unity-Gain Bandwidth ——— 1,02
o
= -
2 z
g 1.1 2 [ 1.01 3
£ I~ f @
NS =
<Q Phase Shift __] o
> Tl — [ — 1 ©
= ; &)
= ©
o E
& o9 ™ 0.99 &
= z
E
s Veg+ =415V .
0.8 RL = 2 kQ i 0.98
f = B4 for Phase Shift |
0.7 ] ! 0.97

"-75 -50 -25 0 25 50 75 100 125
Tp — Free-Air Temperature — 'C

Figure 13

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLO071, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TLO074, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0800 ~ SEPTEMBER 1978 - REVISED AUGUST 1996

TYPICAL CHARACTERISTICST

COMMON-MODE REJECTION RATIO

Vs
FREE-AIR TEMPERATURE
89 T | i
g Vec+=215V .
! R = 10 ki |
£ 88 : :
© |
[
c |
8 \
© 87
T}
g - |
x ‘ ! |
@ | | |
'g 86 1
= - |
c |
£ ? |
£ 85 [ | 1
=] |
O
] | |
c 84 W 4 i
i 1
= : . !
3 | ‘ ‘
83 . :
-75 -50 -25 0 25 50 o 100P741 25
Tp — Free-Air Temperature — °C
Figure 14
SUPPLY CURRENT PER AMPLIFIER
Vs
FREE-AIR TEMPERATURE
2 T T
< VCCi =15V
? 1.8 No Signal |
- ~ N
5 1 - o Loac!
E' 1.4 | \"“‘-
X | T
< | ‘ I~
£ 52 — P
o . ~—
€
g 1 =
3
= 0.8
o
S 06
@
' 04
3]
L 02
0 I
-75 -50 -25 0 25 50 75 100 125

Ta - Free-Air Temperature - 'C

Figure 16

Icc « — Supply Current Per Amplifier ~ mA

Pp - Total Power Dissipation — mW

SUPPLY CURRENT PER AMPLIFIER
Vs
SUPPLY VOLTAGE

B 1 T
Ta=25C
1.8 [ No signal
No Load
1.6
1.4 —
T2 I —
1 |
08
0.6 = o
0.4 =1
|
0.2 .
|
0
0 2 4 6 8 10 12 14 16
Ve +l = Supply Voltage — V
Figure 15
TOTAL POWER DISSIPATION
VS
FREE-AIR TEMPERATURE
250 T T
Veg+=+15V
225 No Signal ~ |
« No Load
200 ‘*\_\
P .
175 o~
g \\TLON
150 -...\
125 P~
100 —]
1 TLO72
75 P—— 1
s —
50 SR - TLO71
‘ ree |
25
0
-75 -50 =25 0 25 50 75 100 125

Ta — Free-Air Temperature - 'C

Figure 17

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
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Normalized Slew Rate - V/u s

THD - Total Harmonic Distortion = %

TYPICAL CHARACTERISTICS

NORMALIZED SLEW RATE EQUIVALENT INPUT NOISE VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE FREQUENCY
115 [ | [ Lir:': N Vegi =415V
VCC:=115V ->.. AVD: 10
110 | RL=2k0 < \ Rg = 20 ()
' Cp =100 pF ‘L 40 [\ —I T TA =25°C N
2N B
1.05 S \\ ; | ‘
B v !
i 6 Nhh .
1 T E \
2
B < 20 L 11
0.95 i \\ & [
| | \ E 11
i E ‘ z 10 —T |
0.90 ! - Y | .
c I | '
> I | | |
|1 | | ‘ l
0.85 0
-75 -50 -25 0 25 50 75 100 125 10 40 100 400 1k 4k 10k 40k 100k
Ta - Free-Air Temperature - “C T guency -3
Figure 18 Figure 19
TOTAL HARMONIC DISTORTION
Vs VOLTAGE-FOLLOWER
FREQUENCY LARGE-SIGNAL PULSE RESPONSE
1 — r
= Vegr=%15V 3 | Veec-==-15V
04 [ AvD=1 ¥ "'—'*/ G RL =2k
i VI(RMS)= 6V o 4 % CL =100 pF
L Ta = 25°C g ; Ta=25C
% Qutput
0.1 ?5 2 —
(=%
= B
0.04 — o / \
g 0 ]
W) 7 amn
= .
0.01 y @ . | \ i
| / - ‘
0.004 E = sipit \
T -4
[ =
«©
= L \
0.001 -6
100 400 1k a4k 10k 40 k 100 k 0 05 1 15 2 25 3 35
f — Frequency — Hz t-Time - us
Figure 20 Figure 21
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
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TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE
vs
ELAPSED TIME

28
24 |
Overshoot \
> e —
£ 20 \._/
| 7( 90%
% 16 -
= |
S / ]
Z 12 {
=] / | |
=3 |
5] 8 I
I
|
>O q —k/ }
10%1 | Vegc+=215V
0 = ———+— Rl = 2kQ._-
S ' | Ta=25C
_4 9 | | 1

0 01 02 03 04 05 06 0.7
t - Elapsed Time - us

Figure 22
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TLO71, TLO71A, TLO71B, TL072
TLO72A, TLO72B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
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APPLICATION INFORMATION

Table of Application Diagrams

PART
APPLICATION DIAGRAM NUMBER FIGURE
0.5-Hz square-wave oscillator TLO71 23
High-Q notch filter TLO71 24
Audio-distribution amplifier TLO74 25
100-kHz quadrature oscillator TLO72 26
AC amplifier TLO71 27
RE = 100 k2
[ ue ]
Vees |
|
—
+—— Output
Vec -

R1 = R2 = 2R3 = 1.5 MQ

C1=c2::-‘32—3=11o pF

1

B T W Sy
o = 27 A1 ¢ £

Figure 23. 0.5-Hz Square-Wave Oscillator Figure 24. High-Q Notch Filter

Vee+

b—— Output A

Input

Qutput B

Figure 25. Audio-Distribution Amplifier
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TLO71, TLO71A, TLO71B, TLO72
TLO72A, TLO72B, TLO74, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
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APPLICATION INFORMATION

1N4148 18 k(2 (see Note A)

6 sin wt —¢ s 4
18 pF

1—+Hﬁ 18 pF 1kQ
| Vees o—-——f%—o

———%—- 88.4 kO Vees
TLO72 ——— NAN——

-15V

+
88.4 kQ)
Vee-
18 pF

1N4148 18 k() (see Note A)

i 88.4 k()

15V

® 6 cos wt
(
|
|
|
|

NOTE A: These resistor values may be adjusted for a symmetrical output.

Figure 26. 100-kHz Quadrature Oscillator

Vee+

!

ourt

100 kuI

Figure 27. AC Amplifier
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 V
Vss Logic Supply Voltage 7 v

Vi, Ven Input and Enable Voltage -0.3107 vV
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100ps) 3 A
—Repetitive (80% on —20% off; tsn = 10ms) 25 A
—-DC Operation 2 A
Vsens Sensing Voltage -1102.3 V
Puot Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature -25 10 130 °C
Tag T Storage and Junction Temperature —40 to 150 §5
PIN CONNECTIONS (top view)
/ 1 ) Wl e CURRENT SENSING B
ta ([T — T 73 (OUTRYT4
@ 3 T SR OUTPUT 3
¥/ Bk A\ Sl £ fHrvng
1) P ENABLE B
19 P0G\ e ) WPUT 8
9 W77 V& LOGIC SUPPLY VOLTAGE V..
[Multiwatt15 aflads— w1 1 B
7R INPUT 2
6 J 1T 0 ENABLEA
BRI~ ] INPUT 1
AT T SUPPLYVOLTAGE Vi
,@_ CAN B OUTPUT 2
SOECEBBERRAR- ) | ouTPUT
I Wl T — CURRENT SENSING A
Z TAB CONNECTED TOPIN 8 DISIN240A
4
GND [ 1 20 ] .GND
Sense A [} 2 19 ] SenseB
NEs 13 18 L1 KB
Qut 1 T 17, =] ‘Out4
ouwz [ 5 PowerSO20 1 [ outs
ve ] 6 151 __JInput 4
Inputt 1 7 14 | 1] EnableB
Enable A ] 8 13 [/ input3
Input2 1 o 12 7] vss
GND (] 10 11 |1 GND
D95IN239
THERMAL DATA

Symbol Parameter PowersS020 Multiwatt15 Unit

Rincase | Thermal Resistance Junction-case Max. - 3 *C/W

Rih ramb Thermal Resistance Junction-ambient Max. 13 (%) 35 °C/W

(*) Mounted on aluminum substrate
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L298

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Ty (V) [Source Current Turn-off Delay 05V,to 091 (2);(4) 1.5 us
T2 (V) |Source Current Fall Time 091 to0.11, (2); (4) 0.2 us
T3 (Vi) |Source Current Turn-on Delay 05Vito 011y (2);(4) 2 us
Ta (V) |Source Current Rise Time 011 to091.  (2): (4) 0.7 us
Ts (V) |Sink Current Tum-off Delay 05Vito0.91L  (3);(4) 0.7 us
Te (V) [Sink Current Fall Time 091 to0.1 1 (3); (4) 0.25 us
Tz (V) |Sink Current Turn-on Delay 05V,10 091 (3);(4) 1.6 us
Ts (V) [Sink Current Rise Time 011 10091, (3); (4) 0.2 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T+ (Ven) |Source Current Turn-off Delay 0.5Ven 10,091, (2);(4) 3 us

T2 (Ven) |Source Current Fall Time 08I te01 1L/ (2)(4) 1 us

Ta(Ven) |Source Current Turn-on Delay 0.5 Vento 0.1 107 (2); (4) 0.3 us

Ts(Ven) [Source Current Rise Time 0. 1L te 0910 (2); (4) 0.4 us

Ts (Ven) |Sink Current Turn-off Delay 0.5Vento 0.9 I (3): (4) 2.8 us

Ts (Ven) |Sink Current Fall Time 0,910,010l | ' (3Vid4) 0.35 us

T7 (Ven) |Sink Current Turn-on Delay 0.5Vento 091 (3):(4) 0.25 us

Tg (Ven) |Sink Current Rise Time 0.1 1 "to 0.9 . (3): (4) 04 us

1) 1)Sensing voltage can be —1 V lort < 50 usec. in steady state Ve min 2 — 0.5 V.
2) See fig. 2
3) See fig 4
4) The load mus! be a pure resistor
Figure 1 : Typical Saturation Voltage vs. Output Figure 2 : Switching Times Test Circuits.
Current.
G- 6a8
Vsar [
(v) ! Vg5V V5242V
T vemw
590 Agy A L INPUT
L
20/ 11— 114 L298N
16 [ - /:///,/ ENABLE I
1.2 //‘ RL=20n
0.8
5-5852/1
0.4
0 04 0B 12 16 20 24 l1o(A) Note : For INPUT Switching, set EN = H
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For ENABLE Switching, set IN = H
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L298

Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.

L4

Imax(2A)

0% -F—-—— )

0% -

— s e

V| (4V)
0% -

15 76

AL

Imax(2A)
90°%. -

0% -

(&V)
SO pf - ——
! o
5-10667 2
Figure 6 : Bidirectional DC Motor Control.
Inputs Function
Ven =H CHID =L Forward
(#fL;D=H Reverse
C=D Fast Motor Stop
Ven =L C=X;D=X Free Running
Motor Stop
112 L298N L=Low H = High X = Don't care
n OVen
TO CONTROL 5 ] 1
CIRCUIT -L —l_ [}
Re
01 TO D4:1A FAST RECOVERY DIODE (t,, €200ns)
3305717
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Fig 10 shows a second two phase bipolar stepper
motor control circuit where the current is controlled

by the I.C. L6506.

L298
This solution can drive until 3 Amps In DC operation
and until 3.5 Amps of a repetitive peak current.
On Fig 8itis shown the driving of a two phase bipolar

stepper motor ; the needed signals to drive the in-
puts of the L298 are generated, in this example,

¥s
Q36v

100nF
'_|I:3|
D&

from the IC L297.
Fig 9 shows an example of P.C.B. designed for the

application of Fig 8.
Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.

5V
RY
4 c4
(] I Sy
IKn = 100nF 470
13nESL T JF
4
GND o1 02f DI
0sC
wiccw [ 6 [7 9 B &
CWICCW s r A s 3 01
CLOCK & 6 a 3 ]
HALF/FULL C 02
——='F a 3 STEPPER
L297 L298N me MOTOR
RESET Lo q |0 2 I WINDINGS
enase | Jm I
- 3
ret e o |1NH2 4 16 ]0s
") 313 A% 13 os! oel o1l D
SENSE) |
SENSE 2
CONTROL HOME
SYNC.
Rgy | |Rsz
5-5846/4
Rs1 =Rs2 =0.5Q
i { Ve<ci2V@al=2Aa
D1 to D8 = 2 A Fast diodes trr < 200.nS
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