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Abstract

The objective of this thesis is for the studying of designing and construction the
heart rate meter in order to measure heart rate by using Electro-cardiogram method.
Then, bring the result to be magnified in the signal magnifying circuit as the signal we
get is very small. The pulse and progression of heart excitation can be measured on
the epidermis of the body. The shape of the result is waveforms and the progression
over time produced by doctors which depends on the diseases of heart and

circulatory system.
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SCCOS

Elektronische Bauelemente

2SA562
-0.5A, -35V
PNP Plastic Encapsulated Transistor

RoHS Compliant Product

A suffix of “-C" specifies halogen & lead-free

FEATURES TO-92
e Excellent hgg Linearity
I‘ % 1 @_ Millimet
i 1 REF, |——riimeler |
CLASSIFICATION OF hge TR
i B 430 | 470
2 X T : c | 270 [ -
Product-Rank 2SA562-0 2SA562-Y e TR
i E | 036 | 056
Range 70~140 120~240 \ F_| 036 | 051
& G 1.27 TYP.
H 10 =
(EF> Cl [l e T
K_| 0.36 | 0.76
@ Emitter
@ Collector
@ Base
Collector
@Base
@®
Emitter
ABSOLUTE MAXIMUM RATINGS (T,=25°C unless otherwise specified)
Parameter Symbol Rating Unit
Collector to Base Voltage Vero -35 vV
Collector to Emitter Voltage Veeo -30 \%
Emitter to Base Voltage Veso -5 Vv
Collector Current - Continuous le -500 mA
Collector Power Dissipation Pc 500 mw
Junction, Storage Temperature T,, Tste 150:66~150 °C

ELECTRICAL CHARACTERISTICS (T,=25°C unless otherwise specified)

Parameter Symbol | Min. | Typ. | Max. | Unit Test Conditions
Collector to Base Breakdown Voltage V(ericao -35 - = V. |lc=-100pA, le = 0A
Collector to Emitter Breakdown Voltage Vigr)ceo -30 - - \ lc=-1mA, Iz = 0A
Emitter to Base Breakdown Voltage V(BriEBO -5 - - V le= -100pA, Ic = 0A
Collector Cut-Off Current lero - - -0.1 HA  |Veg=-35V, Ie=0A
Emitter Cut-Off Current leso - - -0.1 WA [Veg=-5V, lc=0mA
DC Current Gain hee 70 - 240 Vee= -1V, lc=-100mA
Collector to Emitter Saturation Voltage VeEsay L - -0.25 \% lc=-100mA, lg=-10mA
Base to Emitter Voltage Vae - - -1 V Vee= -1V, Ic=-100mA
Transition Frequency fr - 200 - MHz  |Vce = -6V, Ic = -20mA
Collector output capacitance Cab - 13 - pF  |Vgg = -8V, lg= 0A, f= 1IMHz

p:/www.SeCoSGmbH.com/

Any changes of specification will not be informed individually.
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SCCOUS

Elektronische Bauelemente

2SA562
-0.54, -35V
PNP Plastic Encapsulated Transistor

CHARACTERISTIC CURVES
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NEC/ NPN SILICON TRANSISTOR
| 2SC945

DESCRIPTION  The 2SC945 is designed for use in driver stage of AF amplifier

and low speed switching. PACKAGE DIMENSIONS

in millimeters (inches)

5.2 MAX.

® Excellent hgg Linearity

FEATURES ® High Voltage LVCEO : 50 V MIN. (0204 MAX)
hFE1 (01 mA)/hFEE (10 mA) :0.92 TYP. «;
i3
=
w9
w ooy
ABSOLUTE MAXIMUM RATINGS \ i e
Maximum Temperatures ] ’:Hj(ggfm z2
£z
Storage Temperature .. ............ -55to +125 °C — e
. ;< Nis
Junction Temperature ............ +125 °C Maximum 258 } j_g ]
Maximum Power Dissipation {Ta=25 °C) 1(20;;,10) 5 RS
Total Power Dissipation . ... ............ 250 mwW (0.05) ; e
<
Maximum Voltages and Currents {Ta =25 °C) ==
1 & W3 ~'3
Vceo Collector to Base Voltage . ......... 60 V 17 S
Vceo Collector to Emitter Voltage . . ... ... 50 V 1. EMITTER EIAJ :SC 43B
é | 2. coLLECTOR JEDEC :TO 92
Vego Emitter to Base Voltage . ... ....... 50 V 3. BASE IEC . PA33
Ic Col IEEEITOURTEDL, &7 . A KA A A A 100 mA
Ig BasgFCupient & - ¢ . Lsermmt Sronemros 20 mA
ELECTRICAL CHARACTERISTICS (Ta=25 °C)
SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT TEST CONDITIONS
hEgq DC Current Gain 50 185 Vce=6.0V, Ig=0.1 mA
hgg2 DC Current Gain 80 200 600 Vce=6.0V, Ic=1.0mA
NF Noise Figure 0.8 15 dB  Vge=6.0V, Ig=0.1 mA, RG=2.0 k2, f=1.0 kHz
fr Gain Bandwidth Product 150 250 450 MHz Veg=6.0V, lg=-10 mA
Cob Collector to Base Capacitance 3.0 4.0 pF Vcg=6.0V,1g=0,f=1.0 MKz
lcBO Collector Cutoff Current 100 nA Vcp=60V, Ig=0
lEBO Emitter Cutoff Current 100 nA VEg=5.0V,Ic=0
VBE Base to Emitter Voltage 0.55 0.62 0.65 vV  Veg=60V,Ic=1.0mA
VCE(sat) Collector Saturation Voltage 0.15 03 v 1g=100mA, Ig=10 mA
VBE(sat) Base Saturation Voltage 0.86 1.0 Vv 1g=100mA, Ig=10mA
Classification of hggp
Rank R a P | &
Range 90 — 180 135 = 270 200 = 400 ' 300 - 600

hggg Test Conditions : Vg =6.0 V, Ic=1.0 mA

258
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BURR - BROWN®

INA121

FET-Input, Low Power

INSTRUMENTATION AMPLIFIER

FEATURES

® LOW BIAS CURRENT: +4pA

® LOW QUIESCENT CURRENT: +450pA

® LOW INPUT OFFSET VOLTAGE: +200uV
® LOW INPUT OFFSET DRIFT: £2uV/°C

@® LOW INPUT NOISE:
20nVAHz at f = 1kHz (G =100)

® HIGH CMR: 106dB
® WIDE SUPPLY RANGE: +2.25V to +18V

® LOW NONLINEARITY ERROR: 0.001% max

@® INPUT PROTECTION TO +40V
@ 8-PIN DIP AND SO-8 SURFACE MOUNT

APPLICATIONS

® LOW-LEVEL TRANSDUCER AMPLIFIERS
Bridge, RTD, Thermocouple

@® PHYSIOLOGICAL AMPLIFIERS
ECG, EEG, EMG, Respiratory

® HIGH IMPEDANCE TRANSDUCERS

® CAPACITIVE SENSORS

® MULTI-CHANNEL DATA ACQUISITION

® PORTABLE, BATTERY OPERATED SYSTEMS
® GENERAL PURPOSE INSTRUMENTATION

DESCRIPTION

The INA121 is a FET-input, low power instrumenta-
tion amplifier offering excellent accuracy. Its versatile
three-op amp design and very small size make it ideal
for a variety of general purpose applications. Low bias
current (+4pA) allows use with high impedance
sources.

Gain can be set from 1V to 10,000V/V with a single
external resistor. Internal input protection can with-
stand up to 40V without damage.

The INAI21 is laser-trimmed for very low offset
voltage (£200uV), low offset drift (x2uV/°C), and
high common-mode rejection (106dB at G = 100). It
operates on power supplies as low as £2.25V (+4.5V),
allowing use in battery operated and single 5V sys-
tems. Quiescent current is only 450pA.

Package options include 8-pin plastic DIP and SO-8
surface mount. All are specified for the —40°C to
+85°C industrial temperature range.

- 2| [Over-Vollage
ot

Over-Voltage
Protection

Vi
INA121
50k&
G=1+ 222
FiG
6
=0V,
5
VWA O Ref
40kQ

W=

International Airport Industrial Park » Mailing Address: PO Box 11400, Tucson, AZ 85734 + Street Address: 6730 S. Tucson Blvd., Tucson, AZ 85706 » Tel: (520) 746-1111 » Twx: 910-952-1111

Internet: http:/fwww.burr-brown.com/ + FAXLine: (800) 548-6133 (US/Canada Only) + Cable: BBRCORP « Telex: 066-6491 + FAX: (520) 889-1510 + Immediate Product Info: (800) 548-6132
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SPECIFICATIONS: Vg = 15V

At Ty = +25°C, Vg = 15V, R_ = 10kQ, and IA reference = 0V, unless otherwise noted.

INA121P, U INA121PA, UA
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT
Offset Voltage, RTI +200+200/G | $+500+500/G +300£200/G |+1000+£1000/G pnv
vs Temperature +2+2/G +5+20/G * +15+20/G uvreG
vs Power Supply Vg =12.25V to 18V 15+20/G +50+150/G * * wVV
Long-Term Stability 0.5 * uv/mo
Impedance, Differential 10121 * Q|| pF
Common-Mode Vo= 0V 1012 12 * Q|| pF
Input Voltage Range See Text and Typical Curves *
Safe Input Voltage +40 * v
Common-Mode Rejection Vew=-12.5Vto 13.5V
G=1 78 86 72 * dB
G =10 a1 100 85 * dB
G =100 96 106 90 * dB
G = 1000 106 * dB
BIAS CURRENT Ve = 0V +4 +50 * * pA
vs Temperature See Typical Curve *
Offset Current LS50\ | * pA
vs Temperature See Typical Curve *
NOISE, RTI Rg= 082
Voltage Noise: f = 10Hz G =100 30 * nviHz
f = 100Hz G =100 21 * nViHz
f= 1kHz G =100 20 * nVNHz
f=0.1Hz to 10Hz G=100 1 * uvp-p
Current Noise: f = 1kHz 1 * fANHz
GAIN
Gain Equation 1 + (50k/Rg) * VIV
Range of Gain 1 10,000 * * VIV
Gain Error Vg =-14Vto 135V
GE1 +0.01 +0.05 * 0.1 %
G=10 +0.03 +0.4 * 0.5 %
G =100 +0.05 +0.5 * +0.7 %
G = 1000 0.5 * %o
Gain vs Temperature(! G=1 1 +10 * * ppm/°C
Ga>1 125 +100 * * ppmi°C
Nonlinearily Vg = ~14V to 13.5V
Gu="1 +0.0002 +0.001 * +0.002 % of FSR
G.=40 10.0015 +0.005 * +0.008 % of FSR
G =100 +0.0015 +0.005 * +0.008 % of FSR
G = 1000 +0.002 * % of FSR
OuUTPUT
Vollage: Positive R = 100kQ (V+)-0.9 * v
Negative R, = 100kQ (V=)+0.15 * v
Positive R_= 10k (V+)-1.5 (V+)-0.9 * * Y
Negative R_= 10kQ (V=)+1 (V=)+0.25 ¥ * i
Capacitance Load Drive 1000 * pF
Short-Circuit Current 114 * mA
FREQUENCY RESPONSE
Bandwidth, -3dB G=1 600 * kHz
G=10 300 * kHz
G =100 50 * kHz
G = 1000 5 * kHz
Slew Rate Vo= +10V,G <10 0.7 * Vips
Setlling Time. 0.01% G=11010 20 * us
G =100 35 * us
G = 1000 260 * us
Overioad Recovery 50% Input Overload 5 ¥ us
POWER SUPPLY
Volltage Range +2.25 15 +18 * * * \
Quiescent Current lg=0V 450 1525 * * WA
TEMPERATURE RANGE
Specification -40 85 * * °C
Operating -55 125 * * °C
Storage -55 125 * #* C
Thermal Resistance, 6,4
8-Lead DIP 100 * “C/w
SO-8 Surface Mount 150 * C/w

# Specification same as INA121P, U.

NOTE: (1) Temperature coefficient of the “Internal Resistor” in the gain equation. Does not include TCR of gain-setting resistor, Rg

BURR - BROWN®
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PIN CONFIGURATION

ELECTROSTATIC
DISCHARGE SENSITIVITY

Top View 8-Pin DIP and SO-8
Top View
N
Rel 1 8 [Rg
Vinl 2 7 |V+
Vil 3 B | Vo
V—| 4 5 | Ref

ABSOLUTE MAXIMUM RATINGS()

Supply Voltage ........cc.ccoverninianne
Analog Input Voltage Range .

Output Short-Circuit (to ground) ..
Operating Temperature ..
Storage Temperature...
Junction Temperature ..
Lead Temperature (soldering, 10s).

L2188V
v 240V
Continuous
=55°C to +125°C
=55°C to +125°C
. +150°C
.. +300°C

NOTE: (1) Stresses above these ratings may cause permanent damage.
Exposure to absolute maximum conditions for extended periods may degrade

device reliability.

PACKAGE/ORDERING INFORMATION

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degradation
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.

PACKAGE SPECIFIED
DRAWING TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE NUMBER(1) RANGE MARKING NUMBER(2) MEDIA
Single
INA121P 8-Pin DIP 006 —-40°C to +85°C INA121P INA121P Rails
INA121PA 8-Pin DIP 006 -40°C to +85°C INAT121PA INA121PA Rails
INA121U SO-8 Surface-Mount 182 ~40°C to +85°C INA121U INA121U Rails
" { d * INA121U/2K5 Tape and Reel
INA121UA SO-8 Surface-Mount 182 —40°C to +85°C INAT21UA INA121UA Rails
" " " " % INA121UA/2KS Tape and Reel

NOTES: (1) For detalled drawing and dimension table, please see end of data sheet, or Appendix C of Burr-Brown IC Dala Book. (2) Models with a slash (/) are
available only in Tape and Reel in the quantities indicated (e.g., /2K5 indicates 2500 devices per reel). Ordering 2500 pieces of “INA121U/2K5" will get a single
2500-piece Tape and Reel. For detailed Tape and Reel mechanical information, refer to Appendix B of Burr-Brown IC Data Book

The information provided herein is believed to be reliable; however, BURR-BROWN assumes na responsibility for inaccuracies or omissions. BURR-BROWN assumes
no respensibility 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 patentrights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

INA121

BURR - BROWN®



APPLICATION INFORMATION

Figure | shows the basic connections required for operation
of the INA121. 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 reference (Ref) terminal
which is normally grounded. This must be a low-impedance
connection to assure good common-mode rejection. A resis-
tance of 88 in series with the Ref pin will cause a typical
device to degrade to approximately 80dB CMR (G = 1).

SETTING THE GAIN

Gain of the INA121 is set by connecting a single external
resistor, R, connected between pins | and §:

50kQ (1

G

G=1+

Commonly used gains and resistor values are shown in
Figure 1.

The 50k€2 term in Equation | comes from the sum of the two
internal feedback resistors of A, and A,. These on-chip
metal film resistors are laser trimmed to accurate absolute
values. The accuracy and temperature coefficient of these
resistors are included in the gain accuracy and drift specifi-
cations of the INAI2I.

The stability and temperature drift of the external gain
setting resistor, Rg, also affects gain. Rg’s contribution to
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.

DYNAMIC PERFORMANCE

The typical performance curve “Gain vs Frequency” shows
that, despite its low quiescent current, the INA 121 achieves
wide bandwidth, even at high gain. This is due to the
current-feedback topology of the INA121. Settling time also
remains excellent at high gain.

Ra

V+
0.1pF
r 2
— 2| |Over-Voltage INA121
=
DESIRED Ra NEAREST 1% Rg . 40kQ 40k Vo=G= (Vin—Vin)
GAIN () (@) G 14 50KQ
1 NC NG " Ra
2 50.00k 49.9k Ra
5 12.50k 12.4k .
10 5.556k 5.62k 8
20 2632k 261k Load Vo
50 1.02k 1.02k m . -
100 505.1 511
200 251.3 249 g O;f;}:’;'::ﬁe 40kQ 40kS2 Ref |
500 100.2 100 =
1000 50.05 49.9
2000 25.01 24.9 4| oapF
5000 10.00 10
10000 5.001 4.99
NC: No Cennection. v =

Also drawn in simplified form

o e i e o S
VIN

i3

YR

INAT21 Vo
Ref

&

+

FIGURE 1. Basic Connections.

BURR -BROWN®
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The INA 121 provides excellent rejection of high frequency
common-mode signals. The typical performance curve,
“Common-Mode Rejection vs Frequency” shows this be-
havior. If the inputs are not properly balanced, however,
common-mode signals can be converted to differential sig-
nals. Run the Vjy and V| connections directly adjacent each
other, from the source signal all the way to the input pins. If
possible use a ground plane under both input traces. Avoid
running other potentially noisy lines near the inputs.

NOISE AND ACCURACY PERFORMANCE

The INAI21's FET input circuitry provides low input bias
current and high speed. It achieves lower noise and higher
accuracy with high impedance sources. With source imped-
ances of 2k& to S0k the INA 114, INA 128, or INA129 may
provide lower offset voltage and drift. For very low source
impedance (<1k&), the INA103 may provide improved
accuracy and lower noise. At very high source impedances
(> IM&) the INA116 is recommended.

OFFSET TRIMMING

The INA121 is laser trimmed for low offset voltage and
drift. Most applications require no external offset adjust-
ment. Figure 2 shows an optional circuit for trimming the
output offset voltage. The voltage applied to Ref terminal is
summed at the output. The op amp buffer provides low
impedance at the Ref terminal to preserve good common-
mode rejection. Trim circuits with higher source impedance
should be buffered with an op amp follower circuit to assure
low impedance on the Ref pin.

Input circuitry must provide a path for this input bias current
if the INA 121 is to operate properly. Figure 3 shows various
provisions for an input bias current path. Without a bias
current return path, the inputs will float to a potential which
exceeds the common-mode range of the INA121 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 example in Figure 3). With higher source impedance,
using two resistors provides a balanced input with possible
advantages of lower input offset voltage due to bias current
and better high-frequency common-mode rejection.

Vi O——™ ”
Q
Ra % INA121 0o 100pA
+
Vo Ref 1/2 REF200
1000"
+10mv 10kQ!"

Adjustment Range —
1000

100pA

NOTE: (1) For wider tri i
(1) For wider trim range required 1/2 REE200

in high gains, scale resistor values larger
V=

Crystal or
Ceramic [ ] INAT21
Transducer

1MQ mMQ -

Thermocouple INA121

+

10kQ

=

+

Center-tap provides
bias current return.

% INA121

+

Viaer Bridge

Bridge resistance provides
bias current return.

FIGURE 2. Optional Trimming of Output Offset Voltage.

INPUT BIAS CURRENT RETURN PATH

The input impedance of the INA121 is extremely high—
approximately 10'2Q. However, a path must be provided for
the mput bias current of both inputs. This input bias current
1s typically 4pA. High input impedance means that this input
bias current changes very little with varying input voltage.

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

INPUT COMMON-MODE RANGE

The linear input voltage range of the input circuitry of the
INAI121 1s from approximately 1.2V below the positive
supply voltage to 2.1V above the negative supply. A differ-
ential input voltage causes the output voltage to increase.
The linear nput range, however, will be limited by the
output voltage swing of amplifiers A, and A,. So the linear
common-mode input range 1s related to the output voltage of
the complete amplifier. This behavior also depends on sup-
ply voltage—see typical performance curve “Input Com-
mon-Mode Range vs Output Voltage”.

BURR - BROWN @
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A combination of common-mode and differential input
voltage can cause the output of A, or A, to saturate. Figure
4 shows the output voltage swing of A and A, expressed in
terms of a common-mode and differential input voltages.
For applications where input common-mode range must be
maximized, limit the output voltage swing by connecting the
INAI21 in a lower gain (see performance curve “Input
Common-Mode Voltage Range vs QOutput Voltage™). If
necessary, add gain after the INA121 to increase the voltage
swing.

Input-overload can produce an output voltage that appears
normal. For example, if an input overload condition drives
both input amplifiers to their positive output swing limit, the
difference voltage measured by the output amplifier will be
near zero. The output of A; will be near 0V even though both
inputs are overloaded.

LOW VOLTAGE OPERATION

The INAI21 can be operated on power supplies as low as
+2.25V. Performance remains excellent with power supplies
ranging from 225V 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 assure that the input voltages
remain within their linear range. Voltage swing requirements
of internal nodes limit the input common-mode range with low
power supply voltage. Typical performance curves, “Input
Common-Mode Range vs Output Voltage” show the range of
linear operation for £15V, £5V, and £2.5V supplies.

INPUT FILTERING

The INA121’s FET input allows use of an R/C input filter
without creating large offsets due to input bias current.
Figure 5 shows proper implementation of this input filter to
preserve the INA121’s excellent high frequency common-
mode rejection. Mismatch of the common-mode input time
constant (R,C, and R,C,), either from stray capacitance or
mismatched values, causes a high frequency common-mode
signal to be converted to a differential signal. This degrades
common-mode rejection. The differential input capacitor,
C;, reduces the bandwidth and mitigates the effects of
mismatch in C; and C,. Make C5 much larger than C, and
C,. If properly matched, C, and C, also improve ac CMR.

GV V4
Vo= 2 . T
INA121
40kQ 40k82 G bl 50k

W
/ 40kQ 40kQ 18

Ra

O V=GV,

3

V-

FIGURE 4. Voltage Swing of A} and A,.

S3B ( c
4T£RILC3+ é]

INA121 Vg

+ Ref

FET input allows use
C, of large resistors and
10C, small capacitors.

FIGURE 5. Input Low-Pass Filter.

BURR-BROWN i
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FIGURE 6. Bridge Transducer Amplifier.



+BV to 18V

Isolated Power

G Vi o V-

o—| -
+15V

c, HG% INAT21 Vo
o “ ; i Ret

R, R, 1 INA121 1SO124 Vo

¢ 2nR,C,

NOTE: To preserve good low frequency CMR,
make R, =R, and C, = C,.

Isolated
Common

FIGURE 7. High-Pass Input Filter. FIGURE 8. Galvanically Isolated Instrumentation

Amplitier.

Vin ©
= G,
50nF
v, R | INA1 11
.LN G 21 {|—
R
1
10kQ £
INA121 %RG R,
i J S Reff™_—
faum 2nR,C, Vi
= 159Hz [ .

MakesswwhereG:n%U'i

~ JY

FIGURE 9. AC-Coupled Instrumentation Amplifier. FIGURE 10. Voltage Controlled Current Source.

Ra % INA121 Vo

Ref
e
el

FIGURE 11. Capacitive Bridge Transducer Circuit.
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+5V
Vrer
e PRI}
Chan.nel 1 Vi : +
In I
: MPC800 % : 12 Bits Out
‘ MUX Rs INA121 i ADS7816 [0 Serial
: + O———— - Ret
Channel 8V _
FIGURE 12. Multiplexed-Input Data Acquisition System.
Viy 0—F S | Vo
v‘?o (] [] 5112 | INA121
IN
1 + Ref
100 For G =100 —
Rg = 511Q // 2(22.1k2)

NOTE: Driving the shield minimizes CMR degradation & ef‘faecﬁve Rg = 5050
due to unequally distributed capacitance on the input OPA130
line. The shield is driven at approximately 1V below =
the common-mode input voltage.

FIGURE 13. Shield Driver Circuit.

Rg = 5.6k

Low bias current
aliows use with high
electrode impedances

390kQ

NOTE: Due to the INA121's current-feedback
topology, Vg is approximately 0.7V less than
the common-mode input voltage. This DC offset
in this guard potential is satisfactory for many
quarding applications

FIGURE 14. ECG Amplifier With Right-Leg Drive.
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¥ INSTRUMENTS TL061, TLO61A, TL061B

TL062, TL062A, TL062B, TL064, TLO64A, TL064B

SLOS078K -NOVEMBER 1978-REVISED JANUARY 2014

TLO6xx Low-Power JFET-Input Operational Amplifiers

Check for Samples: TL061, TLO61A, TL061B, TL062, TLO62A, TL062B, TL064, TLO64A, TL064B

DESCRIPTION

The JFET-input operational amplifiers of the TL06x
series are designed as low-power versions of the
TLO8x series amplifiers. They feature high input
impedance, wide bandwidth, high slew rate, and low
input offset and input bias currents. The TLO6x series
features the same terminal assignments as the TL07x
and TLO8x series. Each of these JFET-input
operational amplifiers incorporates well-matched,
high-voltage JFET and bipolar transistors in an
integrated circuit.

www.ti.com

FEATURES

* Very Low Power Consumption

* Typical Supply Current: 200 pA (Per Amplifier)

* Wide Common-Mode and Differential Voltage
Ranges

* Low Input Bias and Offset Currents

* Common-Mode Input Voltage Range
Includes Vies

¢ Output Short-Circuit Protection

* High Input Impedance: JFET-Input Stage

* Internal Frequency Compensation

+ Latch-Up-Free Operation

» High Slew Rate: 3.5 V/us Typ

* On Products Compliant to MIL-PRF-38535,
All Parameters Are Tested Unless Otherwise
Noted. On All Other Products, Production
Processing Does Not Necessarily Include
Testing of All Parameters.

TLO61, TLO61A ... D, P, OR PS PACKAGE
TLO61B ... P PACKAGE

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, and
the M-suffix devices are characterized for operation
over the full military temperature range of -55°C to
1e5°C:

TLO64...D, J, N, NS, PW, OR W PACKAGE
TLOG4A, TLO64B ... D OR N PACKAGE
(TOP VIEW)

TLO62...D, JG, P, PS, OR PW PACKAGE
TLO62A ... D, P, OR PS PACKAGE

(TOP VIEW) TLO62B...D OR P PACKAGE
(TOP VIEW)
OFFSETN1 [] 1 Y g [|NC 55 10UT [] 1 U14340UT
IN- ] 2 A s 10UT [] 1 8 [l Vees 1N-[f 2 13[] 4IN-
IN+ ] 3 6 [] OUT 1IN= [} 2 7 [] 20Ut 1IN+ [] 3 12[] 4IN+
Vee- [l 4 5 [] OFFSET N2 1IN+ ] 3 6 [] 2IN- Veer 14 1] Vee-
Vee- [ 4 5[] 2IN+ 2IN+[| 5 10[] 3IN+
2IN-| 6 9[] 3IN-
20UT [} 7 8|] 30UT

NC - No internal connection

TLOB2...FK PACKAGE TLO64 ... FK PACKAGE

(TOP VIEW) (TOP VIEW)
= + |y ey
= 0 o S o
0DV GO 2 s
22 9% 2225
21 2019 21 2019
NC []4 18[] NC 1IN+ [] 4 2 18[] 4IN+
1IN-[] 5 17[Q 20UT Ne 15 1700 NC
NC []6 16[] NC Vees |16 16 Vee-
1N+ [] 7 15[] 2IN- NG []7 15[] NC
NC |8 14| NC +1]8 14[] 3IN+
0 1112 13 SN 9 10 11 12 13 :

|
23
>

NC

2IN+
NC

i
=
&

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 i1s current as of publication dale
Products conform to specificalions per the terms of the Texas
Insiruments standard warranly. Produclion processing does nol
necessanly include lesting of all parameters

Copyright © 1978-2014, Texas Instruments Incorporated
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TLO061, TLOG1A, TLOG1B L —
TL062, TL062A, TL062B, TL064, TL064A, TL064B
SLOS078K ~-NOVEMBER 1978 -REVISED JANUARY 2014 www.ti.com
Symbols
s ¥ ouT
IN- e
|
L —_
r OFFSET N1 OFFSET N2 |
' Offset Null/Compensation [
I TLOG1 Only _ ]
Schematic (Each Amplifier)
Vees
. i L
5 4
A
I,r
~
L
IN+ —l r
IN-
e -]
‘i I
- I
1 | f f
° T ° >
| | I
(\JFFSET N1 OFFSET N;”. ouT Vee-
A4
TLO61 Only
C1=10pF on TLOB1, TLOB2, and TLO64
Component values shown are nominal.
2 Submit Documentation Feedback Copyright © 1978-2014, Texas Instruments Incorporated

Product Folder Links: TLO67 TLOG1A TLO61B TL.0G2 TLO62A TLO62B TLO64 TLO64A TLO64B



TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS091B - CCTOBER 1987 - REVISED AUGUST 1994

® Trimmed Offset Voltage: D, JG, P, OR PW PACKAGE
TLC277 ...500 uV Max at 25°C, (TOP VIEW)
Vpp=5V 7
® Input Offset Voltage Drift . . . Typically 1OUT [] 1 8l Vop
0.1 uV/Month, Including the First 30 Days 1IN-[] 2 7 [ 20UT
: 1IN+ [] 3 6 [] 2IN-
® Wide Range of Supply Voltages Over GND [l 4 sfl2in+
Specified Temperature Range:

0°Ct0 70°C...3Vto 16 V
-40°Ct085°C...4Vto 16V FK PACKAGE
-55°C t0 125°C ... 4Vto 16 V (TOP VIEW)

® Single-Supply Operation - 5 o 26
® Common-Mode Input Voltage Range 222F 2
Extends Below the Negative Rail (C-Suffix, 4 L3_“2_”1_“2_0“E|
I-Suffix types) NC [] 4 18[] NC
® Low Noise. .. Typically 25 nV/VHz at 1IN-]s 17[] 20UT
f=1kHz NC []s 16[] NC
® Qutput Voltage Range Includes Negative 1IN+ 1] 7 15[] 2IN-
Rail NC []8 14[] NC
9 10 11 12 13
® High Input impedance. .. 1012 Q Typ '(:“;' OU+':
® ESD-Protection Circuitry = % s
al

® Small-Outline Package Option Also
Available in Tape and Reel

® Designed-in Latch-Up Immunity DISTRIBUTION OF TLC277

INPUT OFFSET VOLTAGE

description 30 T T T T T T
- 473 Units Tested From 2 Wafer Lots
The TLC272 and TLC277 precision dual Vpp=5V

operational amplifiers combine a wide range of 25 ~Ta=25C
input offset voltage grades with low offset voltage P Package
drift, high inputimpedance, low noise, and speeds
approaching that of general-purpose BIFET
devices.

NC - No internal connection

20

15 =

10 _’-— L

The extremely high input impedance, low bias 5 '_I‘ _I
currents, and high slew rates make these cost- l_r_J L

These devices use Texas instruments silicon-gate
LinCMOS™ technology, which provides offset
voltage stability far exceeding the stability
available with conventional metal-gate processes.

Percentage of Units — %

effective devices ideal for applications which have
previously been reserved for BiIFET and NFET
products. Four offset voltage grades are available
(C-suffix and I-suffix types), ranging from the
low-cost TLC272 (10 mV) to the high-precision TLC277 (500 uV). These advantages, in combination with good
common-mode rejection and supply voltage rejection, make these devices a good choice for new
state-of-the-art designs as well as for upgrading existing designs.

0
-800 -400 0 400 800
Vio - Input Offset Voltage — pV

LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date. Copyright © 1994, Texas Instruments Incorporated

Frnduclds conform to specifications per lhedmrms of Texas lnsllrurnlend!s i
standard warranty. Production processing does not necessarily include
tesling of all parameters. - . TEXAS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285
POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443



TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS091B — OCTOBER 1987 — REVISED AUGUST 1994

AVAILABLE OPTIONS

PACKAGED DEVICES P
Vigmax SMALL CHIP CERAMIC PLASTIC
FORM
A AT25°C | OUTLINE | CARRIER DIP DIP el pol
(D) (FK) (JG) (P)
500V | TLC277CD a2y - TLC277CP - —
X ) 2mv |TLC272BCD — _ TLC272BCP o e
S 5mV | TLC272ACD s s TLG272ACP - =,
1omv | TLC272CD g = TLC272CP | TLC272CPW | TLCR272Y
500 WV | TLC2771D - = TLC277IP w5 —
2mv |TLC272BID _ — TLC272BIP — —
_AD° £o
G086 s5mv |TLC272AID - s TLC272AIP i -
10mv | TLC272ID = = TLC272IP — —
_ssec104o5ec | 500KV |TLC277MD [ TLG277MFK [TLC277MJG | TLC277MP = =
10mV |TLC272MD | TLC272MFK | TLC272MJG | TLC272MP - -

The D package is available taped and reeled. Add R suffix to the device type (e.g., TLC277CDR).

description (continued)

In general, many features associated with bipolar technology are available on LInCMOS™ operational amplifiers
without the power penalties of bipolar technology. General applications such as transducer interfacing, analog
calculations, amplifier blocks, active filters, and signal buffering are easily designed with the TLC272 and
TLC277. The devices also exhibit low voltage single-supply operation, making them ideally suited for remote
and inaccessible battery-powered applications. The common-mode input voltage range includes the negative

rail.

Awide range of packaging options is available, including small-outline and chip carrier versions for high-density
system applications.

The device inputs and outputs are designed to withstand —100-mA surge currents without sustaining latch-up.
The TLC272 and TLC277 incorporate internal ESD-protection circuits that prevent functional failures at voltages

up to 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling
these devices as exposure to ESD may result in the degradation of the device parametric performance.

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.

¢ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
POST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443



TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS091B - OCTOBER 1987 - REVISED AUGUST 1994

equivalent schematic (each amplifier)

R1 R2 NS
—a
)_
1

|N—4'vw}
p

IN + c1
RS | | [

- R L

! =i
775 L g | =
i N2 N4 N6 N7
R3 D1 $ R4 T D2 R7

TLC272Y chip information

This chip, when properly assembled, displays characteristics similar to the TLC272C. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

3L
=
Tv7°

ouT

»
.

BONDING PAD ASSIGNMENTS

if VbDp
(8)
(3)
1IN + + ()
@ 10UT
UN=— =
@ + ﬂ 2IN +
20UT | e =
’(4)
GND

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 x 4 MINIMUM
Tymax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN (4) IS INTERNALLY CONNECTED
Jll‘r|\|l‘l‘l!ll\l!l\li‘I‘I!LI\I\|\|i|l‘|‘I‘Ijlll‘lfl!l!\l\ll‘l‘l’lj\“lill TO BACKSIDE OF CHIP.,

||h|»|<||‘1|\[l[|\ll\||\1|:|1||\||r||f|J|||||J|[|||M|J|||J|
3

i
N

JQ"TEDQAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443
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TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS091B - OCTOBER 1987 — REVISED AUGUST 1994

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

Supply:veltage, Vi (58 Note 1 s s s w somss wess e s v wames 25 e @ i Satmms o w6 e 18V
Differential input voltage, Vip (586 NOTE.2) .. vi s v vns s s o ssiwms s wmon e s s vismss o me amoas +Vpp
Input voltage range, Vi (@ny input) ... -0.3VtoVpp
IMPUE CUITENT, || oo e e e e e +5mA
output current, Ig (each output) ... ... . +30 mA
TAtal CUITENLINID VDD v sorr om simn e s sossmiciis 2om Sums s s op S8 Shidetd 900 M E wod £ 5405 09 HoWAl 55 Womes o5 45 mA
Total currEnt GUESEGND cus o e v v sasms 52 B 56 5 98 Ve S0 95 &0 S0 S0P e 5 BVEEE 2R e 8 6 45 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) .............. .. ... ... ... unlimited
Cantinuous total dissipalion .« cow s cum s vwvmn 55 sen v v e s e o sas o e See Dissipation Rating Table
Operating fres-air temperaturs, Ta: C SUTfiX e, e v o v v s e s 0°C to 70°C

T reereres, Uy, R —-40°C to 85°C

1T 1. Sy, S —55°C to 125°C
Storage temperature range . ... ... e —-65°C to 150°C
Case temperature for 60 seconds: FK package ... ... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, P, or PW package ............ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package ................... 300°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are siress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground.

2. Differential voltages are at IN+ with respect to IN—
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum

dissipation rating is not exceeded (see application section).

DISSIPATION RATING TABLE

PACKAGE Ta=25°C DERATING FACTOR Ta =70°C Tp =85°C Tp=125°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mw 377 mW N/A
FK 1375 mW 11 mW/°C 880 mw 715 mW 275 mW
JG 1050 mW 8.4 mW/°C 672 mW 546 mW 210 mW
P 1000 mW 8.0 mW/°C 640 mW 520 mW N/A
PW 5256 mW 4.2 mW/°C 336 mW N/A N/A

recommended operating conditions

C SUFFIX I'SUFFIX M SUFFIX UNIT
MIN  MAX MIN  MAX MIN  MAX
Supply voltage, Vpp 3 16 4 16 4 16 v
) Vpp=5V -0.2 35| -02 35 0 3.5
Coemmon-mode input voltage, V|c v
Vpp=10V =012 85| -0.2 8.5 0 8.5
Operating free-air temperature, Tp 0 70 -40 85 -55 125 C

{’?‘ TeEXAS
INSTRUMENTS

2-4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285
£OST OFFICE BOX 1443 ® HOUSTON, TEXAS 772511443




TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS091B - OCTOBER 1887 — REVISED AUGUST 1994

electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLC272C, TLC272AC,
PARAMETER TEST CONDITIONS Tat TLC272BC, TLC277C | yNIT
MIN TYP MAX
= = 25°C 1.1 10
TLoz7ec | YO=14V, Vic=0.
Rg=50%, RL =10k | Full range 12 5
m
- s 25°C 0.9 5
TLc2728C |VO=14V, Vic=0.
Rg=509, RL=10kQ | Full range 6.5
Vio Input offset voltage 50 230 5000
TuszrgpE | Y@=14k ic =0,
Rg =50, R|.=10kQ | Full range 3000 it
n
. = 25°C 200 500
TLGpZRE™ | il Vic =0,
Rg =50, RL=10KkQ | Full range 1500
o~ ) 25°C to .
oyjo  Temperature coefficient of input offset voltage 70°C 1.8 uv/eCc
I Input offset t (see Note 4) Vo=25V, Vig=25V gt o A
put oiisel current (see Nole =2, f =&, -
i { Ic 70°C 7 a0 7
| Input bias current (see Note 4) Vo=25YV, Vv 25V 450 o A
I8 y =4 e ¢ 70°C 40 60| ©
-0.2 -03
25°C to to Vv
v Common-mode input voltage range 4 &2
ICR (see Note 5) Bp2
Full range to \4
3.5
25°C 3.2 3.8
VoH  High-level output voltage Vip =100 mV, RL=10kQ 0°C 3 3.8 v
70°C 3 3.8
25°C 0 50
VoL Low-level output voltage Vip=-100 mV, loL=0 0°C 0 50| mv
70°C 0 50
25°C 5 23
AyD Large-signal differential voltage amplification Vp=025Vio2V, RL=10kQ 0°C 27 VimV
70°C 4 20
25°C 66 80
CMRR Common-mode rejection ratio V|c = Vicrmin 0°C 60 84 dB
70°C 60 85
25°C 65 95
Supply-voltage rejection ratio B - =
ksvr (AVoD/AVio) Vpp=5Vto 10V, Vg=1.4V 0°C 60 94 dB
70°C 60 96
25°C 1.4 3.2
Ipp  Supply current (two amplifiers) YG =25, Vie=5% 0°C 16 36| mA
No load
70°C 1.2 2.6
T Full range is 0°C to 70°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
i
‘V TEXAS
INSTRUMENTS
2-5
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TLC272, TLC272A, TLC272B, TLC272Y, TLC277
LinCMOS™ PRECISION DUAL OPERATIONAL AMPLIFIERS
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electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted)

TLC272C, TLC272AC,
PARAMETER TEST CONDITIONS Tat [ TLC272BC, TLC277C | yniT
MIN TYP MAX
Tugeyey |YO=14Y Y= = s L
Rg =50, RL=10kQ | Full range 12 mv
TLC272AC | YO =14V, Yigr=0; c4 - =
Rs =504, RL =10k | Full range 6.5
Vio Input offset voltage
—_—— Vo=1.4V, Vig =0, 25°C 290 2000
Rg =502, RL =10k | Full range 3000 "
Leae |VO=14Y, g, 25°C 250  goo|
Rs =504 RL =10kQ | Full range 1900
Oyjo  Temperature coefficient of input offset voltage 25?;(2(;0 2 e
llo Input offset current (see Note 4) Vo=5V, Vic=5V 2% o pA
70°C 7 300
B Input bias current (see Note 4) Ma=5 Y Vic=5V « 0.7 pA
70°C 50 600
-02 =03
25°C to to v
i Common-mode input voltage range 9 92
(see Note 5) -0.2
Full range to "
8.5
25°C 8 8.5
VoH High-level output voltage Vip =100 mV, RL=10kQ 0°C 7.8 8.5 v
70°C 7.8 8.4
25°C 0 50
VoL Low-level output voltage Vip=-100mVY, loL=0 0°C 0 50| mv
70°C 0 50
25°C 10 36
AvD Large-signal differential voltage amplification Vo=1VtoBY, RL =10 k& 0°C 7.5 42 Vimv
70°C 7.5 32
25°C 65 85
CMRR  Common-mode rejection ratio Vic = Vicrmin 0°C 60 88 dB
70°C 60 88
) ) 25°C 65 95
KSVR ?A“\?Sg}‘;c\’;:;gf Fejpalian:talig Vpp=5V1010V, Vg=14V | 0C 60 94 B
70°C 60 96
25°C 1.9 4
DD Supply current (two amplifiers) x(c:)) \Zazc.!S v Vig=aY, 0°C 2.3 4.4 mA
70°C 1.6 3.4

T Full range is 0°C to 70°C.
NOTES: 4.. The typical values of input bias current and input offset current below 5 pA were determined mathematically.

5.. This range also applies to each input individually.

“? TEXAS
INSTRUMENTS
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

TLC272], TLC272Al,
PARAMETER TEST CONDITIONS Tat TLC272BI, TLC277I UNIT
MIN TYP MAX
- = 25°C 1l 10
TLG272] Vo=14YV, Vig=0,
Rg =50, RL=10kQ | Full range 13 ¥
m
- - 25°C 0.9 5
TLozzeal |YO =14V Vig=0,
Rg =50 %, RL=10kQ | Full range 7
Vio Input offset voltage Py 230 2000
TLcz72 |VO =14V, Vig— o
Rs=500Q, RL=10kQ | Full range 3500 "
n
= = 25°C 200 500
LoDz | pdanliinlt YIC = Gs
Rg =509, RL=10kQ | Full range 2000
- : 25°Cto e
oyio  Temperature coefficient of input offset voltage 85°C 1.8 uv/eC
I Input offset current (see Note 4) Vo=25V, Vic=25V 25 = A
19 ,O,— =" I~=% 85°C 24 sl P
I Input bias current (see Note 4) V 25V, \% 25V et = A
B S “V/i K ¢ 85°C 200 as| "
-02 '-0.3
25°C to o \%
v Common-mode input voltage range 4 4.2
ICR (see Note 5) 80.2
Full range to v
3.5
25°C 3.2 3.8
VoH  High-level output voltage Vip = 100 mV, R =10k -40°C 3 3.8 Y
85°C 3 3.8
25°C 0 50
VoL Low-level output voltage Vip=-100 mV, loL =0 -40°C 0 50 mV
85°C 0 50
) ) —/ 25°C 5 23
Hirrs Large-signal differential voltage amplification Vo=1V106Y, RL = 10kQ —40°C 35 32 Vimy
85°C 36 19
25°C 65 80
CMRR  Common-mode rejection ratio Vic = Vicpmin —-40°C 60 81 daB
85°C 60 86
25°C 65 95
Supply-voltage rejection ratio o
K ; VEE=5.10.1.0 Visee5= 1,4\ —40°C 60 92 dB
SR (avppravig) = 2
85°C 60 96
" i# g " 25°C 1.4 3.2
DD Supply current (two amplifiers) N((:))l;asd ' 1B =&V, -40°C 1.8 4.4 mA
85°C 1.1 2.4
T Full range is —40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
+ 1)
EXAS
INSTRUMENTS
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electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted)

TLC2721, TLC272Al,
PARAMETER TEST CONDITIONS Tat TLC272BI, TLC2771 | yniT
MIN TYP MAX
- - 25°C 1.1 10
TLggze | JOELAN Yig=a,
Rg=508, RL=10kQ [ Full range 13 v
m
= - 25°C 0.9 5
TLczr2al |VO =14V, Yig=1
Rg=50Q, RL =10k | Full range 7
Vio Input offset voltage 25°C 290 2000
TLczzzml |YO=14V. Vic=0,
Rg =509, RL=10kQ | Full range 3500 N
u
- o 25°C 250 800
TLC277em™ ] 10 Sabailell V1T
Rg =500, RL =10k | Full range 2900
- ; 25°Cto .
cyjo  Temperature coefficient of input offset voltage 859G 2 uvieG
| Input offset current (see Note 4) Vi 5V, Vv 5V e . A
u e =\, —
& i D i\ 85°C 26 1000| "
I Input bi t (see Note 4) Vo=5V, Vig=5V g o7 A
nput bias current (see Note =5V, =
B P Q - 85°C 220 2000| ©
-02 -03
25°C to to \
v Common-mode input voltage range 9 9.2
ICR (see Note 5) ) ol
Full range to \
8.5
25°C 8 8.5
VoH  High-level output voltage Vip=100mV, R =10ka [ —40°C 7.8 8.5 \
85°C 7.8 8.5
25°C 0 50
VoL Low-level output voltage V|p =-100 mV, o0 -40°C 0 50 mV
85°C 0 50
25°C 10 36
AyvD Large-signal differential voltage amplification Vo=1Vio6V, Ry =10kQ | -40°C 7 46 VimV
85°C 7 31
25°C 65 85
CMRR Common-mode rejection ratio Vic = VicRmin -40°C 60 87 dB
85°C 60 88
2580 65 95
Supply-voltage rejection ratio 5
= = —-40° B
ksvRr (AVpp/AvIQ) Vpp=5Vio10V, Vo=14V 40°C 60 92 d
85°C 60 96
25°C 1.4 4
DD Supply current (two amplifiers) Vo =3V, Vig=5Y -40°C 2.8 mA
No load
85°C g 3.2

T Full range is —40°C to 85°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.

Qﬁ‘ TeEXAS
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electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat Dol o IR L i
£ MIN _TYP MAX
= = 25°C 1.1 10
TLcozam | YO =14V, Vg = mv
Rg =504, RL=10kQ | Fullrange 12
Vio Input offset voltage S 200 500
TLC277M Vo=14YV, Vic=0, i
Rg =500, RL=10KkQ | Full range 3750
Temperature coefficient of input offset 25°C to
: V/°C
IO voltage 125°C Al e
| Input offset t (see Note 4) Vo=25V v 25V i oL Bh
nput offset current (see Note =0 =2
9 B S % 125°C 14 15| nA
I input bi i Note 4 Vo=25V Vic=25V e 00 b
nput bias current (see Note =2 =2
1B X { ; - i 125°C 9 35 nA
0 -03
25°C to to \
v Common-mode input voltage range 4 4.2
ICR (see Note 5) 0
Full range o Vv
3.5
Z5°C 3.2 3.8
VoH High-level output voltage Vip =100 mV, RL =10k -55°C 3 3.8 v
125°C 3 3.8
25°C 0 50
VoL Low-level output voltage Vip=-100mV, loL=0 =55°C 0 50 mV
125°C 0 50
25°C 5 23
Avp Large-signal differential voltage amplification |Vp=0.25Vto2V R =10kQ -55°C 35 35 VimV
125°C 8.5 16
25°G 65 80
CMRR  Common-mode rejeclion ratio Vic = V|cgmin —55°C 60 81 dB
125°C 60 84
25°C 65 95
Supply-voltage rejection ratio o
k Vpp=5Vte10V, Vp=14V -55°C 60 90 dB
SVR (AVDD/AV|O) DD o]
125°C 60 97
25°C 1.4 3.2
IbD Supply current (two amplifiers) 5= 26V, Vig =24y, -55°C 2 5 mA
No load
125°C 1 22
T Full range is —55°C to 125°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
+3 15
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electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tal Lo L UNIT
A MIN _TYP MAX
Vo=14V, Vic=0, 25°C 1.1 10
TLC272M mVv
Rg =509, RL =10k Full range 12
Vio Input offset voltage
Vo=14V, Vic=0, 25°C 250 800
TLC277M nv
Rg =504, RL =10k Full range 4300
Temperature coefficient of input offset 25°C to Q
avio voltage 125°C L WG
! Input offset current (see Note 4) Vp=5V, Vic=5V = ol o
urrent (s e =5V, =
I o G 125°C 18 15| nA
I Input bi t (see Note 4) Vo=5V Vig=5V i a4 pA
nput bias current (see Note =5V =
i ) N i 125°C 10 35| nA
0 -03
25°C to to \
o Common-mode input voltage range 9 9.2
ICR (see Note 5) 0
Full range lo Vv
8.5
25°C 8 8.5
VOH High-level output voltage Vip =100 mV, RL=10kQ =85°C v 8.5 \
125°C 7.8 8.4
25°C 0 50
VoL Low-level output voltage Vip=-100mV, loL=0 ~56°C 0 50 mv
125°C 0 50
25°C 10 36
Large-signal differential voltage Y M i s
AvD ampilicatin Vo=1Vio6V, RL = 10 kQ ~55°C 50 VimV
125°C 7 27
25°C 65 85
CMRR  Common-mode rejection ratio Vic = Vicrmin -55°C 60 87 dB
125°C 60 86
25°C 65 95
Supply-voltage rejection ratio = % o
ksvR (VDD/AVIo) Vpp=5Vio10V, Vo=1.4V —55°C 80 80 dB
125°C 60 97
- 9 25°C 1.8
Vo=5V, =5V,
DD Supply current (two amplifiers) Ngaoasd Jic=5 -55°C 3 mA
125°C 1.3 2.8

T Full range is - 55°C to 125°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.

5. This range also applies to each input individually.
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electrical characteristics, Vpp =5 V, Tp = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS o UNIT
MIN  TYP MAX
Vio Input offset voltage ;g : ;045 ;iLC;%’ i 1.1 10| mv
ayio  Temperature coefficient of input offset voltage 1.8 e
llo Input offset current (see Note 4) Vo=25V, Vic=25V 0.1 pA
B Input bias current (see Note 4) Vo=25V, Vic=25V 0.6 pA
-02 -03
Vicg  Common-mode input voltage range (see Note 5) to fo \
4 4.2
VoH  High-level output voltage Vip =100 mV, R =10 k@ 3.2 3.8 \
VoL Low-level output voltage Vip=-100mV, loL=0 0 50 mV
AvD Large-signal differential voltage amplification Vp=025Vio2V R =1 0kQ 5 23 Vimv
CMRR Common-mode rejection ratio V¢ = Vigcrmin 85 80 dB
kgyr  Supply-voltage rejection ratio (AVpp /AV|0) Vbp=5Vto10V, Vp=14V 65 95 dB
Ipp  Supply current (two amplifiers) xg I:;f 4 Jo=f 14 32| mA

electrical characteristics, Vpp = 10 V, Tp = 25°C (unless otherwise noted)

TLC272Y
PARAMETER TEST CONDITIONS WiN TP WAX UNIT
Vio Input offset voltage ;CS) : ;045;/ ¥I|_G==1[(])' ko 174 10 mV
oyio  Temperature coefficient of input offset voltage 1.8 uvrec
llo Input offset current (see Note 4) Vo=5V, Vic=5V 0.1 pA
B Input bias current (see Note 4) Vo=5V, Vic=5V 0.7 pA
=0.2( —0j8
Vicr  Common-maode input voltage range (see Note 5) fo to \
9 0.2
VoH  High-level output voltage Vip =100 mV, Ry =10 kQ 8 8.5 v
VoL  Low-level output voltage Vip=-100mV, loL=0 0 50| mV
AyD Large-signal differential voltage amplification Vo=1Vtob6YV, RL=10kQ 10 36 Vimv
CMRR Common-mode rejection ratio Vic = Vicgmin 65 85 dB
kgvRr  Supply-voltage rejection ratio (AVpp/aVip) Vpp=5Vtoi10V, Vg=14V 65 95 dB
'DD Supply current (two amplifiers) :Si:anVI Vic=5V 1.9 4 mA
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
I,
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operating characteristics at specified free-air temperature, Vpp=5V

TLC272C, TLC272AC,

PARAMETER TEST CONDITIONS TA TLC272BC, TLC277C | yniT
MIN  TYP MAX
25°C 36
Vipp=1V 0°C 4
AL =10kQ, 70°C 3
SR Slew rate at unity gain CL=20pF - Vius
See Figure 1 25°C 29
Vipp=25V 0°C 3.1
70°C 25
Vi Equivalent input noise voltage fS=ee1 ;isz;'e 5 A=l 25°C 25 nvAHz
25°C 320
Bom  Maximum output-swing bandwidth ;CL)_: ijngi g'e-;;i'gufig’ : 0°C 340 kHz
' 70°C 260
25°C 1.7
By Unity-gain bandwidth ;’LZ ;:%3:'3 R | 0°C 2 MHz
70°C 1.3
2 "N 25°C 46°
4 1= 10 mV, = By, = 3
Om Phase margin Gy = 20 pF, See Figure 3 0°C 47
70°C 43°
operating characteristics at specified free-air temperature, Vpp =10V
TLC272C, TLC272AC,
PARAMETER TEST CONDITIONS TaA TLC272BC, TLC277C | uNIT
MIN TYP MAX
25°C 53
Vipp=1V 0°C 59
R =10 ke, 70°C a3
SR Slew rate at unity gain CL =20 pF, > Vius
See Figure 1 25°C 46
Vipp=55V 0°C b.1
70°C 38
Vn Equivalent input noise voltage fS:; ;‘i';jre E ALY 25°C 25 nVAHZ
25°C 200
Bom  Maximum output-swing bandwidth ;O =1VOOkT‘2' glée=F?§u€eF,1 0°C 220 kHz
= s
70°C 140
25°C 22
B1 Unity-gain bandwidth \S’L: ;gz::s L ) B 0°C 28 MHz
70°C 1.8
Vi=10mv, f=B i il
; |=10my, =B, 3 P
Om Phase margin CL=20pF,  See Figure 0°C 50
70°C 46°
{i’
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operating characteristics at specified free-air temperature, Vpp=5V

TLC2721, TLC272Al,

PARAMETER TEST CONDITIONS Ta TLC272BI, TLC2771 | yNIT
MIN  TYP MAX
25°C 36
" Vipp=1V -40°C 4.5
SR Slew rate at unity gain Ct ; ;g l;fgj, L e Vius
See Figure 1 25°C 2.9
Vipp=25V | —-40°C 3.5
85°C 2.3
Vn Equivalent inpul noise voltage fS:}E: Il:(iELZJ;'e 5 i g 25°C 25 nviHz
25°C 320
Bom Maximum output-swing bandwidth \F';E): 1VOOI<|;|2‘ gé;égﬁ; —-40°C 380 kHz
85°C 250
25°C i
By Unity-gain bandwidth ;; ;%m\e" ; S IS 26 MHz
85°C 1.2
25°C 46°
om Phase margin E'LT;J;;' fSZf;;gure g | —40°C 49°
85°C 43°
operating characteristics at specified free-air temperature, Vpp =10V
TLC272I, TLC272Al,
PARAMETER TEST CONDITIONS TA TLC272BI, TLC2771 | UNIT
MIN  TYP MAX
25°C 53
Vipp=1V -40°C 6.8
\ - RL =10k, 85°C y
SR Slew rate at unity gain CL =20 pF, Vius
See Figure 1 25°C 4.8
Vipp=55V | -40°C 5.8
85°C 35
Vn Equivalent input noise voltage fS=ee1 ll-'(igjlre 2 el 25°C 25 nvAHz
25°C 200
Bom  Maximum output-swing bandwidth ‘éf:%ok"gg glé:ingﬁg' . [ =#oc 260 kHz
85°C 130
25°C 2.2
By Unity-gain bandwidth ;"3: ;%:::‘3 e 2 -40°C 3.1 MHz
85°C b 574
25°C 49
Om Phase margin g|;_=:1200n;¥: fszeeB;igure q |_—40°C 52°
85°C 46°
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operating characteristics at specified free-air temperature, Vpp=5V

PARAMETER TEST CONDITIONS T fean bl 0 UNIT
A MIN _TYP MAX
25°C 3.6
Vipp=1V -55°C 4.7
. - HL: 10 kQ, 125°C 23
SR Slew rate at unity gain CL=20pF = Vius
See Figure 1 25°C 29
Vipp=25V | -55°C 37
125°C 2
Vi Equivalent input noise voltage 182&31 lfigi;'e 5 Rg= 20, 25°C 25 nvAHz
25°C 320
: ; ; Vo=VoH,  CL=20pF,
B M = - o
oM aximum output-swing bandwidth RL=10k®  See Figure 1 55°C 400 kHz
125°C 230
25°C 1.7
B4 Unity-gain bandwidth g(‘_; ;%3;"'3 OIS -20@F _eoc 29 MHz
125°C 1.1
25°C 46°
. Vi=10mV, f=Bq, -
Ph —55°
om ase margin CL = 20 pF, e R 55°C 49
M25iC 41°
operating characteristics at specified free-air temperature, Vpp =10V
PARAMETER TEST CONDITIONS T, ¥ CO27N TROR77M UNIT
g MIN _TYP MAX
25°C 53
Vipp=1V —55°C 7.1
SR Slew rate at unit i (FZRL 1 ;g ksFl i ad s | Vi
w rate at unity gain L =20 pkF, - ps
See Figure 1 25°C y i
Vipp=55V | -55°C 6.1
125°C 2.7
; , . f=1kHz, Rg =209, "
Vi Equivalent input noise voltage See Figure 2 25°C 25 nvAHz
25°C 200
. - Vo = VOH. CL=20pF
B M - dwidth =55°
oM aximum output-swing bandwi RL=10kQ,  SeaFigae 1 55°C 280 kHz
125°C 110
25°C 2.2
R ‘ Vi=10mV,  CL=20pF,
B Unity-gain bandwidtt —55° ' MH
1 nity-gai ndwidth SBeRigune-d 55°C 3.4 Z
125°C 1.6
25°C 49°
~ Vi=10mV, f=B1, =
Phase margin _cEo
#m ekl CL=20pF,  See Figure 3 il i
125°C 44°
{i’
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operating characteristics, Vpp =5V, Ta = 25°C

TLC272Y
PARAMETER TEST CONDITIONS MIN VP MAX UNIT
= - vV =1V 3.6
SR Slew rate at unity gain AL= 1_0 ML GL-20ph [l Vius
See Figure 1 Vipp=25V 2.9
Vi Equivalent input noise voltage f=1kHz, Rg=20Q  See Figure 2 25 nvAHz
Bom Maximum output-swing bandwidth ;S:F:;Cu)gi BL=20 gy AL =101, 320 kHz
By Unity-gain bandwidth Vi=10mV, C_=20pF  See Figure 3 1.7 MHz
om Phase margin ;L: :::?‘:JU:ZS L= SL=20 pF, 46°
operating characteristics, Vpp =10 V, Ta = 25°C
» VDD A
PARAMETER TEST CONDITIONS Lt UNIT
MIN TYP MAX
% = V =iV 5.3
SR Slew rate at unity gain U 1.0 K CEPIPPF o Vius
See Figure 1 Vipp=5.5V 4.6
Vn Equivalent input noise voltage f=1kHz, Rg=20Q,  SeeFigure 2 25 nVAHz
p S
Bom  Maximum output-swing bandwidth ;eoezF?!gEJ)i—le'1 CLE APt 1848 200 kHz
B4 Unity-gain bandwidth Vi=10mV, C| =20pF See Figure 3 22 MHz
J Vi=10my, f=8B1, CL =20 pF,
om Phase margin S:ee Figumre 3 1 L P 49°
{i’
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PARAMETER MEASUREMENT INFORMATION

single-supply versus split-supply test circuits

Because the TLC272 and TLC277 are optimized for single-supply operation, circuit configurations used for the
various tests often present some inconvenience since the input signal, in many cases, must be offset from
ground. This inconvenience can be avoided by testing the device with split supplies and the output load tied to
the negative rail. A comparison of single-supply versus split-supply test circuits is shown below. The use of either
circuit gives the same result.

Vbp VDD +
Vo Vo
7 Vi
CL RL CL RL
y ] Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY

Figure 1. Unity-Gain Amplifier

2 kQ 2kQ
AN
v Y
e DD DD+
1/2 Vpp — — Vo o
20Q
20Q 20Q
= p Vpp-
(a) SINGLE SUPPLY (b) SPLIT SUPPLY

Figure 2. Noise-Test Circuit

10 kQ
V

100 @ e

I- Vo
1/2Vpp
CL
= VpD -
(a) SINGLE SUPPLY (b) SPLIT SUPPLY

Figure 3. Gain-of-100 Inverting Amplifier
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PARAMETER MEASUREMENT INFORMATION

input bias current

Because of the high input impedance of the TLC272 and TLC277 operational amplifiers, attempts to measure
the input bias current can result in erreneous readings. The bias current at normal room ambient temperature
is typically less than 1 pA, a value that is easily exceeded by leakages on the test socket. Two suggestions are
offered to avoid erroneous measurements:
1. Isolate the device from other potential leakage sources. Use a grounded shield around and between the
device inputs (see Figure 4). Leakages that would otherwise flow to the inputs are shunted away.

2. Compensate for the leakage of the test socket by actually performing an input bias current test (using
a picoammeter) with no device in the test socket. The actual input bias current can then be calculated
by subtracting the open-socket leakage readings from the readings obtained with a device in the test
socket.

One word of caution: many automatic testers as well as some bench-top operational amplifier testers use the
servo-loop technique with a resistor in series with the device input to measure the input bias current (the voltage
drop across the series resistor is measured and the bias current is calculated). This method requires that a
device be inserted into the test socket to obtain a correct reading; therefore, an open-socket reading is not

feasible using this method.

8 5

1 4

V=Y¥i¢

Figure 4. Isolation Metal Around Device Inputs
(JG and P packages)

low-level output voltage

To obtain low-supply-voltage operation, some compromise was necessary in the input stage. This compromise
results in the device low-level output being dependent on both the common-mode input voltage level as well
as the differential input voltage level. When attempting to correlate low-level output readings with those quoted
in the electrical specifications, these two conditions should be observed. If conditions other than these are to
be used, please refer to Figures 14 through 18 in the Typical Characteristics of this data sheet.

input offset voltage temperature coefficient

Erroneous readings often result from attempts to measure temperature coefficient of input offset voltage. This
parameter is actually a calculation using input offset voltage measurements obtained at two different
temperatures. When one (or both) of the temperatures is below freezing, moisture can collect on both the device
and the test socket. This moisture results in leakage and contact resistance, which can cause erroneous input
offset voltage readings. The isolation technigues previously mentioned have no effect on the leakage since the
moisture also covers the isolation metal itself, thereby rendering it useless. It is suggested that these
measurements be performed at temperatures above freezing to minimize error.
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PARAMETER MEASUREMENT INFORMATION

full-power response

Full-power response, the frequency above which the operational amplifier slew rate limits the output voltage
swing, is often specified two ways: full-linear response and full-peak response. The full-linear response is
generally measured by monitoring the distortion level of the output while increasing the frequency of a sinusoidal
input signal until the maximum frequency is found above which the output contains significant distortion. The
full-peak response is defined as the maximum output frequency, without regard to distortion, above which full
peak-to-peak output swing cannot be maintained.

Because there is no industry-wide accepted value for significant distortion, the full-peak response is specified
in this data sheet and is measured using the circuit of Figure 1. The initial setup involves the use of a sinusoidal
input to determine the maximum peak-to-peak output of the device (the amplitude of the sinusoidal wave is
increased until clipping occurs). The sinusoidal wave is then replaced with a square wave of the same amplitude.
The frequency is then increased until the maximum peak-to-peak output can nolonger be maintained (Figure 5).
A square wave is used to allow a more accurate determination of the point at which the maximum peak-to-peak

output is reached.

/ [AEgEle -\

(a)f=1kHz (b) Bom > f> 1 kHz c)f=Bom d)f>Bom

Figure 5. Full-Power-Response Output Signal

test time

Inadequate test time is a frequent problem, especially when testing CMOS devices in a high-volume,
short-test-time environment. Internal capacitances are inherently higher in CMOS than in bipolar and BiFET
devices and require longer test times than their bipolar and BiFET counterparts. The problem becomes more

pronounced with reduced supply levels and lower temperatures.
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TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 6,7
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APPLICATION INFORMATION

single-supply operation

While the TLC272 and TLC277 perform well using dual power supplies (also called balanced or split supplies),
the design is optimized for single-supply operation. This design includes an input common-mode voltage range
that encompasses ground as well as an output voltage range that pulls down to ground. The supply voltage
range extends down to 3 V (C-suffix types), thus allowing operation with supply levels commonly available for
TTL and HCMOS; however, for maximum dynamic range, 16-V single-supply operation is recommended.

Many single-supply applications require that a voltage be applied to one input to establish a reference level that
is above ground. A resistive voltage divider is usually sufficient to establish this reference level (see Figure 38).
The low input bias current of the TLC272 and TLC277 permits the use of very large resistive values to implement
the voltage divider, thus minimizing power consumption.

The TLC272 and TLC277 work well in conjunction with digital logic; however, when powering both linear devices
and digital logic from the same power supply, the following precautions are recommended:

1. Power the linear devices from separate bypassed supply lines (see Figure 39); otherwise, the linear
device supply rails can fluctuate due to voltage drops caused by high switching currents in the digital

jogic.
2. Use proper bypass techniques to reduce the probability of noise-induced errors. Single capacitive
decoupling is often adequate; however, high-frequency applications may require RC decoupling.

Vpp

I R4

R1
R2

Vi .

R3

Vo . Vger = Voo Ry T

o1
VREF —1 l

R
‘[a.m uF

= ! ) R4
Vo = VrRer "V Ro * VRer

Figure 38. Inverting Amplifier With Voltage Reference

. C—®-

[ I I J '
. : g Power
ouT — Logic Logic Logic Supply

l ] | T !

(a) COMMON SUPPLY RAILS
l‘ | I I J |
ouT T Logic Logic Logic = SE};’S{V

[ | ] I ! |

(b) SEPARATE BYPASSED SUPPLY RAILS (preferred)

Figure 39. Common vs Separate Supply Rails
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APPLICATION INFORMATION

input characteristics

The TLC272 and TLC277 are specified with a minimum and a maximum input voltage that, if exceeded at either
input, could cause the device to malfunction. Exceeding this specified range is a common problem, especially
in single-supply operation. Note that the lower range limit includes the negative rail, while the upper range limit
is specified at Vpp — 1 V at Ty = 25°C and at Vpp — 1.5 V at all other temperatures.

The use of the polysilicon-gate process and the careful input circuit design gives the TLC272 and TLC277 very
good input offset voltage drift characteristics relative to conventional metal-gate processes. Offset voltage drift
in CMOS devices is highly influenced by threshold voltage shifts caused by polarization of the phosphorus
dopant implanted in the oxide. Placing the phosphorus dopant in a conductor (such as a polysilicon gate)
alleviates the polarization problem, thus reducing threshold voltage shifts by more than an order of magnitude.
The offset voltage drift with time has been calculated to be typically 0.1 uV/month, including the first month of
operation.

Because of the extremely high input impedance and resulting low bias current requirements, the TLC272 and
TLC277 are well suited for low-level signal processing; however, leakage currents on printed-circuit boards and
sockets can easily exceed bias current requirements and cause a degradation in device performance. Itis good
practice to include guard rings around inputs (similar to those of Figure 4 in the Parameter Measurement
Information section). These guards should be driven from a low-impedance source at the same voltage level

as the common-mode input (see Figure 40).
Unused amplifiers should be connected as grounded unity-gain followers to avoid possible oscillation.

noise performance

The noise specifications in operational amplifier circuits are greatly dependent on the current in the first-stage
differential amplifier. The low input bias current requirements of the TLC272 and TLC277 result in a very low
noise current, which is insignificant in most applications. This feature makes the devices especially favorable
over bipolar devices when using values of circuit impedance greater than 50 k<, since bipolar devices exhibit
greater noise currents.

Vi
>~ OUT ouT ouT
V| 7 4

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER

Figure 40. Guard-Ring Schemes

output characteristics

The output stage of the TLC272 and TLC277 is designed to sink and source relatively high amounts of current
{see typical characteristics). If the output is subjected to a short-circuit condition, this high current capability can
cause device damage under certain conditions. Output current capability increases with supply voltage.

Alloperating characteristics of the TLC272 and TLC277 are measured using a 20-pF load. The devices can drive
higher capacitive loads; however, as output load capacitance increases, the resulting response pole occurs at
lower frequencies, thereby causing ringing, peaking, or even oscillation (see Figure 41). in many cases, adding
a small amount of resistance in series with the load capacitance alleviates the problem.

2-30
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APPLICATION INFORMATION

output characteristics (continued)

(a) CL = 20 pF, R = NO LOAD (b) Cp =130 pF, RL = NO LOAD
25V
Ta =25°C
f=1kHz
—— v
9 Vipp=1V
V
I cL
-25V
(c) CL = 150 pF, R = NO LOAD (d) TEST CIRCUIT

Figure 41. Effect of Capacitive Loads and Test Circuit

Although the TLC272 and TLC277 possess excellent high-level output voltage and current capability, methods
for boosting this capability are available, if needed. The simplest method involves the use of a pullup resistor
(Rp) connected from the output to the positive supply rail (see Figure 42). There are two disadvantages to the
use of this circuit. First, the NMOS pulldown transistor N4 (see equivalent schematic) must sink a comparatively
large amount of current. In this circuit, N4 behaves like a linear resistor with an on resistance between
approximately 60 Q and 180 €, depending on how hard the operational amplifier input is driven. With very low
values of Rp, a voltage offset from 0 V at the output occurs. Second, pullup resistor Rp acts as a drain load to
N4 and the gain of the operational amplifier is reduced at output voltage levels where N5 is not supplying the

output current.
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output characteristics (continued)

VDD
c
Vi Ip S RpP
=4
*— VO
I
P
— VO
R2
R1 ng RL
R.= VDD-VoO -
IE+IL+1p

Figure 43. Compensation for

Ip = Pullup current required by |
Input Capacitance

the operational ampiifier
(typically 500 pA)

Figure 42. Resistive Pullup to Increase Vgy

feedback

Operational amplifier circuits almost always employ feedback, and since feedback is the first prerequisite for
oscillation, some caution is appropriate. Most oscillation problems result from driving capacitive loads
(discussed previously) and ignoring stray input capacitance. A small-value capacitor connected in parallel with
the feedback resistor is an effective remedy (see Figure 43). The value of this capacitor is optimized empirically.

electrostatic discharge protection

The TLC272 and TLC277 incorporate an internal electrostatic discharge (ESD) protection circuit that prevents
functional failures at voltages up to 2000 V as tested under MIL-STD-883C, Method 3015.2. Care should be
exercised, however, when handling these devices as exposure to ESD may result in the degradation of the
device parametric performance. The protection circuit also causes the input bias currents to be temperature
dependent and have the characteristics of a reverse-biased diode.

latch-up

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC272 and
TLC277 inputs and outputs were designed to withstand —100-mA surge currents without sustaining latch-up;
however, technigues should be used to reduce the chance of latch-up whenever possible. Internal protection
diodes should not, by design, be forward biased. Applied input and output voltage should not exceed the supply
voltage by more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators.
Supply transients should be shunted by the use of decoupling capacitors (0.1 uF typical) located across the
supply rails as close to the device as possible.

The current path established if latch-up occurs is usually between the positive supply rail and ground and can
be triggered by surges on the supply lines and/or voltages on either the output or inputs that exceed the supply
voltage. Once latch-up occurs, the current flow is limited only by the impedance of the power supply and the
forward resistance of the parasitic thyristor and usually results in the destruction of the device. The chance of
latch-up oceurring increases with increasing temperature and supply voltages.
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10 kQ
10 kQ2
0.016 uF 0.016 uF
I 1€
10 kQ
V| —Ww—e—| -
172 1oka| [ 5V
TLC272 VMV 1/2
e TLC272
+ LLow Pass
High Pass
5kQ
4[/\/\1\, AN Band Pass
R =5 kQ(3/d-1) (see Note A)

NOTE A: d = damping factor, 1/Q

Figure 44. State-Variable Filter

H.P.
5082-2835

| 4

Vi

12
TLC272 Vo
0.5uF N.O.

Mylar " Reset
I O 100 kQ2

| |
1

Figure 45. Positive-Peak Detector
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Vi
(see Note A)
W 0.47 uF
n—| E—u
TL431
i ol TIP31
15Q
TIS193 250 uF, |+
= 25V
= Vo
10 kO (see Note B)
>
47 kQ
AN
0.01 puF

N
22k§zi I\ J%1109

NOTES: A. V|=35t015V
B. Vo=2V,0to1A

Figure 46. Logic-Array Power Supply

gy Vo (see Note A)

10 kQ
TLC27 —
112
10 kQ / TLC272 Vo (see Note B)
+
- 100 KO { /\/
AN ; [m]
0~ 40(92)

NOTES: A. VO(PPJ:
B. Vo(pp) =

Figure 47. Single-Supply Function Generator
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5V

V|-

Vo

10 k@

R1,10 k2
95 kQ (see Note A)

10 kQ

R -

NOTE A: CMRR adjustment must be noninductive.

Figure 48. Low-Power Instrumentation Amplifier

2 % 172 .
1
10 MO 10 MQ TLE272 )

Vi7" % 5 +

2C
540 pF

v - 1
Ri2 7 fyoteH = Zamc
5MQ

'41(: CH

270 pF 270 pF

Figure 49. Single-Supply Twin-T Notch Filter
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