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SINGLE-SUPPLY, Micro POWER
CMOS OPERATIONAL AMPLIFIERS
Micro Amplifier ™ Series

FEATURES

e SINGLE SUPPLY OPERATION

e RAIL-TO-RAIL OUTPUT (within 3mV)
e MicroPOWER: |5 = 20pA/Amplifier

e Micro SIZE PACKAGES

e LOW OFFSET VOLTAGE: 125 YV max
e SPECIFIED FROM Vg = 2.3V to 5.5V

e SINGLE, DUAL, AND QUAD VERSIONS @

APPLICATIONS

e BATTERY POWERED INSTRUMENTS
e PORTABLE DEVICES

e HIGH IMPEDANCE APPLICATIONS

e PHOTODIODE PRE-AMPS

e PRECISION INTEGRATORS

e MEDICAL INSTRUMENTS

e TEST EQUIPMENT

DESCRIPTION

OPA336 series micropower CMOS operational ampli-
fiers are designed for battery powered applications.
They operate on a single supply with operation as low
as 2.1V. The output is rail-to-rail and swings to within
3mV of the supplies with a 10Gkload. The common-
mode range extends to the negative supply—ideal for|
single-supply applications. Single, dual, and quad
versions have identical specifications for maximum
design flexibility.

In addition to small size and low quiescent current
(20uA/amplifier), they feature low offset voltage
(1251V max), low input bias current (1pA), and high
open-loop gain (115dB). Dual and quad designs fea-
ture completely independent circuitry for lowest
crosstalk and freedom from interaction.

OPA336 packages are the tiny 5-lead SOT-23-5 surfacq
mount, SO-8 surface-mount, and 8-pin DIP. OPA2336
comes in the miniature MSOP-8 surface-mount, SO-8
surface-mount, and 8-pin DIP packages. OPA4336
packages are the space-saving SSOP-16 surface-mou
and the 14-pin DIP. All are specified from <@Dto
+85°C and operate from -838 to +125C. A
macromodel is available for design analysis.

OPA336 OPA336 OPA2336
[e) (@)
Out |1 5| v+ NC | 1 8 | NC OutA |1 8 | V+
V- | 2 X -In | 2 7| v+ -InA | 2 7 | OutB
+n | 3 4 | —In +In | 3 6 | Output +InA | 3 6 [ -InB
V- | 4 5 | NC V- | 4 5| +InB
SOT-23-5
8-Pin DIP, SO-8 8-Pin DIP, SO-8, MSOP-8
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SPECIFICATIONS: Vg = 2.3V to 5.5V

At T, = +25°C, and R = 25kQ connected to Vg/2, unless otherwise noted.
Boldface limits apply over the specified temperature range, —40°C to +85°C. Vg = +5V.

OPAS336NA, PA, UA
OPA336N, P, U OPA2336EA, PA, UA
OPA2336E, P, U OPA4336EA, PA
PARAMETER CONDITION MIN TYPO® MAX MIN TYP® MAX UNITS
OFFSET VOLTAGE
Input Offset Voltage Vos +60 +125 O +500 "
vs Temperature dVos/dT +1.5 O uv/ec
vs Power Supply PSRR Vg = 2.3V to 5.5V 25 100 O O vV
T =—40°C to +85°C Vg = 2.3V to 5.5V 130 0 uvIv
Channel Separation, dc 0.1 O puvIv
INPUT BIAS CURRENT
Input Bias Current Ig +1 +10 O O pA
T, = —40°C to +85°C 60 0 pA
Input Offset Current los +1 +10 O O pA
NOISE
Input Voltage Noise, f = 0.1 to 10Hz 3 O HVp-p
Input Voltage Noise Density, f = 1kHz e, 40 O nVAVHZ
Current Noise Density, f = 1kHz in 30 0 fAVHZ
INPUT VOLTAGE RANGE
Common-Mode Voltage Range Vem -0.2 (V+) -1 0 O \%
Common-Mode Rejection Ratio CMRR —0.2V < Vg < (V+) -1V 80 90 76 86 dB
Ta = —40°C to +85°C —0.2V < Vg < (V+) -1V 76 74 dB
INPUT IMPEDANCE
Differential 1013 | 2 0 Q|| pF
Common-Mode 1013 || 4 O Q|| pF
OPEN-LOOP GAIN
Open-Loop Voltage Gain Aol | R = 25kQ, 100mV < Vq < (V+) —-100mV 100 115 90 O dB
T, = —40°C to +85°C R_ = 25kQ, 100mV < Vg < (V+) -100mV 100 90 dB
R = 5kQ, 500mV < Vg < (V+) -500mV 90 106 O O dB
T, = —40°C to +85°C R_ = 5kQ, 500mV < Vg < (V+) -500mV 90 O dB
FREQUENCY RESPONSE
Gain-Bandwidth Product GBW Vg=5V,G=1 100 O kHz
Slew Rate SR Vg=5V,G=1 0.03 O Vius
Overload Recovery Time Viy e G =Vg 100 O us
OUTPUT
Voltage Output Swing from Rail® R, = 100kQ, Ay, = 70dB 3 O mv
R = 25kQ, Ap, = 90dB 20 100 O O mv
T, = —40°C to +85°C R = 25kQ, Ap, = 90dB 100 0 mv
R, = 5kQ, Ag, = 90dB 70 500 O O mv
T, = —40°C to +85°C R = 5kQ, Ag_= 90dB 500 0 mv
Short-Circuit Current lsc 5 O mA
Capacitive Load Drive Cloap See Text O pF
POWER SUPPLY
Specified Voltage Range Vg 2.3 55 O O \Y
Minimum Operating Voltage 2.1 O \%
Quiescent Current (per amplifier) lo Io=0 20 32 O O HA
T, = —40°C to +85°C Io=0 36 0 [V
TEMPERATURE RANGE
Specified Range —40 +85 O O °C
Operating Range -55 +125 O O °C
Storage Range -55 +125 O O °C
Thermal Resistance 650
SOT-23-5 Surface-Mount 200 O °C/W
MSOP-8 Surface-Mount 150 O °CIW
SO-8 Surface-Mount 150 O °C/W
8-Pin DIP 100 O °CIW
SSOP-16 Surface-Mount 100 O °CIW
14-Pin DIP 80 O °C/W

OSpecifications same as OPA2336E, P, U.
NOTES: (1) Vg = +5V. (2) Output voltage swings are measured between the output and positive and negative power supply rails.

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 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.

BURR - BROWN®

OPA336, 2336, 4336 2



PIN CONFIGURATIONS
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ABSOLUTE MAXIMUM RATINGS @

SUPPIY VOIBGE ..ot 5.5V
Signal Input Terminals, Voltage® . (V-) =0.3V to (V+) +0.3V

CUIMENt@) . 10mA
Output Short-Circuit® Continuous

-55°C to +125°C
-55°C to +125°C

Operating Temperature ...
Storage Temperature.....
Junction Temperature ...
Lead Temperature (soldering, 10s)

NOTES: (1) Stresses above these ratings may cause permanent damage.
(2) Input terminals are diode-clamped to the power supply rails. Input signals
that can swing more than 0.3V beyond the supply rails should be current-
limited to 10mA or less. (3) Short-circuit to ground, one amplifier per

package.

PACKAGE/ORDERING INFORMATION

$ ELECTROSTATIC
(¢A DISCHARGE SENSITIVITY

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 degrada-
tion 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 @) RANGE MARKING NUMBER @ MEDIA
Single
OPA336NA 5-Lead SOT-23-5 331 —40°C to +85°C A36(0) OPA336NA-250 Tape and Reel
" " " " " OPA336NA-3K Tape and Reel
OPA336N 5-Lead SOT-23-5 331 —40°C to +85°C A360) OPA336N-250 Tape and Reel
" " " " " OPA336N-3K Tape and Reel
OPA336PA 8-Pin DIP 006 —40°C to +85°C OPA336PA OPA336PA Rails
OPA336P 8-Pin DIP 006 —40°C to +85°C OPA336P OPA336P Rails
OPA336UA SO-8 Surface-Mount 182 —40°C to +85°C OPA336UA OPA336UA Rails@)
OPA336U SO-8 Surface-Mount 182 —40°C to +85°C OPA336U OPA336U Rails®
Dual
OPA2336PA 8-Pin DIP 006 —40°C to +85°C OPA2336PA OPA2336PA Rails
OPA2336P 8-Pin DIP 006 —40°C to +85°C OPA2336P OPA2336P Rails
OPA2336UA SO-8 Surface-Mount 182 —40°C to +85°C OPA2336UA OPA2336UA Rails®
OPA2336U SO-8 Surface-Mount 182 —40°C to +85°C OPA2336U OPA2336U Rails®
OPA2336EA MSOP-8 Surface-Mount 337 —40°C to +85°C B36( OPA2336EA-250 Tape and Reel
" " " " " OPA2336EA-2500 Tape and Reel
OPA2336E MSOP-8 Surface-Mount 337 —40°C to +85°C B36( OPA2336E-250 Tape and Reel
" " " " " OPA2336E-2500 Tape and Reel
Quad
OPA4336EA SSOP-16 Surface-Mount 322 —40°C to +85°C OPA4336EA OPA4336EA-250 Tape and Reel
" " " " " OPA4336EA-2500 Tape and Reel
OPA4336PA 14-Pin DIP 010 —40°C to +85°C OPA4336PA OPA4336PA Rails

NOTES: (1) For detailed drawing and dimension table, please see end of data sheet, or Appendix C of Burr-Brown IC Data Book. (2) Models with -250, -2500, and
-3K are available only in Tape and Reel in the quantities indicated (e.g., -250 indicates 250 devices per reel). Ordering 3000 pieces of “OPA336NA-3K” will get
a single 3000 piece Tape and Reel. For detailed Tape and Reel mechanical information, refer to Appendix B of Burr-Brown IC Data Book. (3) Grade will be marked

on the Reel. (4) SO-8 models also available in Tape and Reel.
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TYPICAL PERFORMANCE CURVES

At T, = +25°C, Vg = +5V, and R = 25kQ connected to V¢/2, unless otherwise noted.

OPEN-LOOP GAIN/PHASE vs FREQUENCY
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TYPICAL PERFORMANCE CURVES (CONT)

At Tp = +25°C, Vg = +5V, and R| = 25kQ connected to V¢/2, unless otherwise noted.

INPUT VOLTAGE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY
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CHANNEL SEPARATION vs FREQUENCY
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TYPICAL PERFORMANCE CURVES (conT)

At T, = +25°C, Vg = +5V, and R = 25kQ connected to V¢/2, unless otherwise noted.

INPUT BIAS CURRENT

INPUT BIAS CURRENT vs TEMPERATURE vs INPUT COMMON-MODE VOLTAGE
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APPLICATIONS INFORMATION

OPA336 series op amps are fabricated on a state-of-the-aft
0.6 micron CMOS process. They are unity-gain stable ang
suitable for a wide range of general purpose applications
Power supply pins should be bypassed with [0F0deramic

capacitors. OPA336 series op amps are protected againgt =
reverse battery voltages.

IOVERLOAD

FIGURE 2. Input Current Protection for Voltages Exceeding

OPERATING VOLTAGE the Supply Voltage.

OPA336 series op amps can operate from a +2.1V to +5.5MCAPACITIVE LOAD AND STABILITY

singlg supply with excellent performance. Mos_t behavior OPA336 series op amps can drive a wide range of capaci-
remains unchanged throughout the full operating VOItagetive loads. However, all op amps under certain conditions

range. Parameters which vary significantly with operating may become unstable. Op amp configuration, gain, and

voltage are shown in the typical performance curves. OPA33qoad value are just a few of the factors to consider when
series op amps are fully specified for operation from +2.3V determining stability

to +5.5V; a single limit applies over the supply range. In _ _

addition, many parameters are guaranteed over the specified/hen properly configured, OPA336 series op amps can

temperature range, —20 to +85C. drive approximately 10,000pF. An op amp in unity gain
configuration is the most vulnerable to capacitive load. The

capacitive load reacts with the op amp’s output resistance,
INPUT VOLTAGE along with any additional load resistance, to create a pole in

The input common-mode range of OPA336 series op ampshe response which degrades the phase margin. In unity gain,
extends from (V—) —0.2V to (V+) —1V. For normal opera- OPA336 series op amps perform well with a pure capacitive

tion, inputs should be limited to this range. The absoluteload up to about 300pF. Increasing gain enhances the
maximum input voltage is 300mV beyond the supplies. amplifier's ability to drive loads beyond this level.

Thus, inputs grea_ter th".’m the input com_mon-mod_e ranNg€one method of improving capacitive load drive in the unity
but less than maximum input voltage, while not valid, will ‘o5, ¢onfiguration is to insert a 8o 10@ resistor inside

_not cause any t()jamage r;[o the op ampl._ Furt_hr(?rmori, th e feedback loop as shown in Figure 3. This reduces ringing
inputs may go beyond the power supplies without phase, iy, |arge capacitive loads while maintaining DC accuracy.
inversion (Figure 1) unlike some other op amps.

OPAX336
Vin +

FIGURE 3. Series Resistor in Unity-Gain Configuration
Improves Capacitive Load Drive.

Rs = 100Q, Load = 25kQ || 1000pF, Vs = +5V

FIGURE 1. No Phase Inversion with Inputs Greater than the
Power Supply Voltage.

Normally, input bias current is approximately 1pA. How-
ever, input voltages exceeding the power supplies can
cause excessive current to flow in or out of the input pins.
Momentary voltages greater than the power supply can bg
tolerated as long as the current on the input pins is limited
to 10mA. This is easily accomplished with an input resis-
tor as shown in Figure 2.

20mV/div

50ps/div

FIGURE 4. Small-Signal Step Response Using Series Re-

sistor to Improve Capacitive Load Drive.
BURR - BROWN®
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For example, with R = 25kQ, OPA336 series op amps

perform well with capacitive loads in excess of 1000pF
(Figure 4). Without B capacitive load drive is typically Vs =+5V, Vo = Vg/2
350pF for these conditions (see Figure 5). 10k

dperatioﬁ Abo</e Séleéteci Géiﬁ:
\ ]
Alternatively, the resistor may be connected in series with N\ N\ Curve Not Recommended -

the output outside of the feedback loop. However, if there is . L G=+2 L
< G :G+l ) ,\Rl_;o/Ground
\Lto roun

a resistive load parallel to the capacitive load, it and the
N
1k

A

series resistor create a voltage divider. This introduces a DQ
error at the output. However, this error may be insignificant.
For instance, with R= 1002 and R = 1002, there is only
about a 0.1% error at the output.

AN
AN

Capacitive Load (pF)

]
7

Figure 5 shows the recommended operating regions for the G=+1
OPA336. Decreasing the load resistance generally improves 100 RutoVs/2
capacitive load drive. Figure 5 also illustrates how stability 5 10 100
differs depending on where the resistive load is connected Resistive Load (kQ)

With G = +1 and R= 10kQ connected to Y2, the OPA336
can typically drive 500pF. Connecting the same load to
ground improves capacitive load drive to 1000pF. FIGURE 5. Stability—Capacitive Load vs Resistive Load.

BURR - BROWN®
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BURR - BROWN®
OPA340
OPA2340

d OPA4340

P f~
)

SINGLE-SUPPLY, RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS
Micro Amplifier ™ Series

FEATURES APPLICATIONS

e RAIL-TO-RAIL INPUT e DRIVING A/D CONVERTERS
e RAIL-TO-RAIL OUTPUT (within 1mV) e PCMCIA CARDS

e Micro SIZE PACKAGES e DATA ACQUISITION

e WIDE BANDWIDTH: 5.5MHz e PROCESS CONTROL

e HIGH SLEW RATE: 6V/ s e AUDIO PROCESSING

e LOW THD+NOISE: 0.0007% (f = 1kHz) e COMMUNICATIONS

e LOW QUIESCENT CURRENT: 750 pA/channel e ACTIVE FILTERS

e SINGLE, DUAL, AND QUAD e TEST EQUIPMENT

of the supply rails with a 100kload. They offer excel-
DESCRIPTION lent dynamic response (BW = 5.5MHz, SR =8}/ yet

OPA340 series rail-to-rail CMOS operational amplifi- quiescent current is only 758. Dual and quad designs
ers are optimized for low voltage, single supply opera- feature completely independent circuitry for lowest
tion. Rail-to-rail input/output and high speed operation crosstalk and freedom from interaction.

make them ideal for driving sampling analog-to-digital 1o single (OPA340) packages are the tiny 5-lead
converters. They are also well suited for general pur- g5T.23.5 surface mount. SO-8 surface mount. and
pose and audio applications as well as providing IV g_,in pIp. The dual (OPA2340) comes in the minia-
conversion at the output of D/A converters. Single, e MSOP-8 surface mount. SO-8 surface mount
dual, and quad versions have identical specifications 5.4 8-pin DIP packages. The’quad (OPA4340) pack’-
for design flexibility. _ ages are the space-saving SSOP-16 surface mount,
The OPA340 series operates on a single supply as low as50-14 surface mount, and the 14-pin DIP. All are
2.5V with an input common-mode voltage range that specified from —48C to +85C and operate from
extends 500mV below ground and 500mV above the —55°C to +125C. A SPICE macromodel is available
positive supply. Output voltage swing is to within ImV  for design analysis.

OPA340

e[i] B

o
-In| 2 7 | v+ OutA | 1 16 | OutD
+in| 3 6 | Output —InA | 2 15| -InD
v-| 4 5 | NC OPA2340 +nA |3 14| +InD

<]
o +V E 13| -V
5

OPA340 8-Pin DIP, SO-8 outA| 1 E V4
+nB [ 2| +inc
OutE Ew -InA| 2 ﬂ OutB -InB E (@ 11| -InC
V‘E 4 HnA |3 E -inB outB E 10| outc
E +in B NC E 9 | NC

SOT-23-5 8-Pin DIP, SO-8, MSOP-8 SSOP-16
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SPECIFICATIONS: Vg = 2.7V to 5V

At Tp = +25°C, R_ = 10kQ connected to Vg/2 and Vour = Vs/2, unless otherwise noted.
Boldface limits apply over the specified temperature range, T, = —40°C to +85°C. Vg = 5V.

OPA340NA, PA, UA
OPA2340EA, PA, UA
OPA4340EA, PA, UA

PARAMETER CONDITION MIN TYP® MAX UNITS
OFFSET VOLTAGE
Input Offset Voltage Vos Vg = 5V +150 +500 Y
vs Temperature dVog/dT 2.5 uv/eC
vs Power Supply PSRR Vg = 2.7V to 5.5V, V¢ = OV 30 120 uvIv
Ta = —40°C to +85°C Vg = 2.7V t0 5.5V, Vg = OV 120 Y
Channel Separation, dc 0.2 uviv
INPUT BIAS CURRENT
Input Bias Current I +0.2 +10 pA
T, = —40°C to +85°C +60 pA
Input Offset Current los +0.2 +10 pA
NOISE
Input Voltage Noise, f = 0.1 to 50kHz 8 uvrms
Input Voltage Noise Density, f = 1kHz e, 25 nVNHz
Current Noise Density, f = 1kHz in 3 fANHZ
INPUT VOLTAGE RANGE
Common-Mode Voltage Range Vem -0.3 (V+) +0.3 \
Common-Mode Rejection Ratio CMRR —0.3V < Vg < (V+) -1.8V 80 92 dB
Vg = 5V, —0.3V < V¢ < 5.3V 70 84 dB
Vg = 2.7V, -0.3V < V¢, < 3V 66 80 dB
INPUT IMPEDANCE
Differential 1013 | 3 Q || pF
Common-Mode 1013 || 6 Q|| pF
OPEN-LOOP GAIN
Open-Loop Voltage Gain Ao R, = 100kQ, 5mV < Vg < (V+) -bmV 106 124 dB
T, =-40°C to +85°C R, = 100kQ, 5mV < Vg < (V+) -5mV 106 dB
R_ = 10kQ, 50mV < Vg < (V+) -50mV 100 120 dB
T, =—40°C to +85°C R, = 10kQ, 50mV < Vg < (V+) -50mV 100 dB
R. = 2kQ, 200mV < Vg < (V+) —200mV 94 114 dB
T, =-40°C to +85°C R. = 2kQ, 200mV < Vg < (V+) —200mV 94 dB
FREQUENCY RESPONSE
Gain-Bandwidth Product GBW G=1 55 MHz
Slew Rate SR Vg =5V, G =1, C_=100pF 6 Vius
Settling Time, 0.1% Vg = 5V, 2V Step, C_ = 100pF 1 us
0.01% Vs = 5V, 2V Step, C, = 100pF 1.6 us
Overload Recovery Time Vin* G =Vg 0.2 us
Total Harmonic Distortion + Noise THD+N Vg =5V, Vg = 3Vp-p@, G =1, f = 1kHz 0.0007 %
OUTPUT
Voltage Output Swing from Rail® R, = 100kQ, Ay, = 106dB 1 5 mv
T, = —40°C to +85°C R, = 100kQ, Ao, > 106dB 5 mv
R = 10kQ, Ag, = 100dB 10 50 mv
T, = —40°C to +85°C R = 10kQ, Ao, = 100dB 50 mv
R = 2kQ, Ao = 94dB 40 200 mv
T, = —40°C to +85°C R = 2kQ, Ao, = 94dB 200 mv
Short-Circuit Current Isc +50 mA
Capacitive Load Drive CLoap See Typical Curve
POWER SUPPLY
Specified Voltage Range Vs 2.7 5 \
Operating Voltage Range 25t05.5 \
Quiescent Current (per amplifier) lo lo=0, Vg = +5V 750 950 HA
T, = —40°C to +85°C =0, Vg = +5V 1100 HA
TEMPERATURE RANGE
Specified Range -40 +85 °C
Operating Range -55 +125 °C
Storage Range -55 +125 °C
Thermal Resistance Oa
SOT-23-5 Surface Mount 200 °C/IwW
MSOP-8 Surface Mount 150 °C/wW
SO-8 Surface Mount 150 °CIwW
8-Pin DIP 100 °C/wW
SSOP-16 Surface Mount 100 °C/IwW
SO-14 Surface Mount 100 °C/wW
14-Pin DIP 80 °C/wW

NOTES: (1) Vg = +5V. (2) Vour = 0.25V to 3.25V. (3) Output voltage swings are measured between the output and power supply rails.
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PIN CONFIGURATIONS

Top View SOIC/DIP
OPA4340
O
Out A E E Out D
—In A E~* *~E —InD
A D
+In A E~+ +~E +In D
w 4] ]
+InB E~+ +~E +InC
B (63
—InB Eﬁi —~E -InC
OutB E E OutC
ABSOLUTE MAXIMUM RATINGS @
SUPPLY VOIAGE ..o 5.5V

Signal Input Terminals, Voltage® .. (V=) 0.5V to (V+) +0.5V
CUITENt®) e 10mA

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

—55°C to +125°C
. =55°C to +125°C
... 150°C
.. 300°C

NOTES: (1) Stresses above these ratings may cause permanent damage.
(2) Input terminals are diode-clamped to the power supply rails. Input signals
that can swing more than 0.5V beyond the supply rails should be current-
limited to 10mA or less. (3) Short-circuit to ground, one amplifier per

package.

PACKAGE/ORDERING INFORMATION

ELECTROSTATIC
DISCHARGE SENSITIVITY

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 degrada-
tion 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 @ RANGE MARKING NUMBER @ MEDIA
Single
OPA340NA 5-Lead SOT-23-5 331 —40°C to +85°C A40 OPA340NA-250 Tape and Reel
" " " " " OPA340NA-3K Tape and Reel
OPA340PA 8-Pin DIP 006 —40°C to +85°C OPA340PA OPA340PA Rails
OPA340UA SO-8 Surface-Mount 182 —40°C to +85°C OPA340UA OPA340UA Rails®
Dual
OPA2340EA MSOP-8 Surface-Mount 337 —40°C to +85°C A40A OPA2340EA-250 Tape and Reel
" " " " OPA2340EA-2500 Tape and Reel
OPA2340PA 8-Pin DIP 006 —40°C to +85°C OPA2340PA OPA2340PA Rails
OPA2340UA SO-8 Surface-Mount 182 —40°C to +85°C OPA2340UA OPA2340UA Rails®
Quad
OPA4340EA SSOP-16 Surface-Mount 322 —40°C to +85°C OPA4340EA OPA4340EA-250 Tape and Reel
" " " " OPA4340EA-2500 Tape and Reel
OPA4340PA 14-Pin DIP 010 —40°C to +85°C OPA4340PA OPA4340PA Rails
OPA4340UA SO-14 Surface Mount 235 —40°C to +85°C OPA4340UA OPA4340UA Rails®

NOTES: (1) For detailed drawing and dimension table, please see end of data sheet, or Appendix C of Burr-Brown IC Data Book. (2) Models with -250, -2500, and
-3K are available only in Tape and Reel in the quantities indicated (e.g., -250 indicates 250 devices per reel). Ordering 3000 pieces of “OPA340NA-3K” will get
a single 3000 piece Tape and Reel. For detailed Tape and Reel mechanical information, refer to Appendix B of Burr-Brown IC Data Book. (3) SO-8 and SO-14

models also available in Tape and Reel.

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 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.
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TYPICAL PERFORMANCE CURVES

At T, = +25°C, Vg = +5V, and R_ = 10kQ connected to Vg/2, unless otherwise noted.

POWER SUPPLY and COMMON-MODE

OPEN-LOOP GAIN/PHASE vs FREQUENCY REJECTION vs FREQUENCY
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TYPICAL PERFORMANCE CURVES (conT)

At T, = +25°C, Vg = +5V, and R = 10kQ connected to Vg/2, unless otherwise noted.

Ao PSRR (dB)

1000 T T

Quiescent Current (UA)

Short-Circuit Current (mA)

OPEN-LOOP GAIN AND POWER SUPPLY REJECTION
vs TEMPERATURE
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TYPICAL PERFORMANCE CURVES (conT)

At T, = +25°C, Vg = +5V, and R_ = 10kQ connected to Vg/2, unless otherwise noted.

INPUT BIAS CURRENT

INPUT BIAS CURRENT vs TEMPERATURE vs INPUT COMMON-MODE VOLTAGE
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TYPICAL PERFORMANCE CURVES (conT)

At T, = +25°C, Vg = +5V, and R = 10kQ connected to Vg/2, unless otherwise noted.
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APPLICATIONS INFORMATION

Power supply pins should be bypassed with |@F0deramic
capacitors.

OPA340 series op amps are fabricated on a state-of-the-art

0.6 micron CMOS process. They are unity-gain stable and
suitable for a wide range of general purpose applications.

Rail-to-rail input/output make them ideal for driving sam-
pling A/D converters. In addition, excellent ac performance

OPERATING VOLTAGE

OPA340 series op amps are fully specified from +2.7V to
+5V. However, supply voltage may range from +2.5V to

makes them well-suited for audio applications. The class AB +5.5V. Parameters are guaranteed over the specified supply

output stage is capable of driving @D@ads connected to
any point between V+ and ground.

Rail-to-rail input and output swing significantly increases
dynamic range, especially in low supply applications.
Figure 1 shows the input and output waveforms for the
OPA340 in unity-gain configuration. Operation is from a
single +5V supply with a 10k load connected to &/2.
The input is a 5Vp-p sinusoid. Output voltage is approxi-
mately 4.98Vp-p.

Vg = +5, G = +1, R = 10kQ

FIGURE 1. Rail-to-Rail Input and Output.

range—a unique feature of the OPA340 series. In addition,
many specifications apply from -4D to +85C. Most
behavior remains virtually unchanged throughout the full
operating voltage range. Parameters which vary signifi-
cantly with operating voltages or temperature are shown in
the typical performance curves.

RAIL-TO-RAIL INPUT

The input common-mode voltage range of the OPA340
series extends 500mV beyond the supply rails. This is
achieved with a complementary input stage—an N-channel
input differential pair in parallel with a P-channel differen-
tial pair (see Figure 2). The N-channel pair is active for input
voltages close to the positive rail, typically
(V+) —1.3V to 500mV above the positive supply, while the
P-channel pair is on for inputs from 500mV below the
negative supply to approximately (V+) —1.3V. There is a
small transition region, typically (V+) —1.5V to (V+) -1.1V,

in which both pairs are on. This 400mV transition region
can vary+300mV with process variation. Thus, the transi-
tion region (both stages on) can range from (V+) —1.8V to
(V+) —1.4V on the low end, up to (V+) -1.2V to (V+) 0.8V
on the high end.

V+ O
+ Reference +
Current
ot [:ﬁb—L:l weo Il
Vaias1 Class AB
Control Vo
Circuitry
VBIASZ

-

E

?

(Ground)

FIGURE 2. Simplified Schematic.

BURR - BROWN®

OPA340/2340/4340



OPA340 series op amps are laser-trimmed to the reduceCAPACITIVE LOAD AND STABILITY
offset voltage difference between the N-channel and
P-channel input stages, resulting in improved common-
mode rejection and a smooth transition between the
N-channel pair and the P-channel pair. However, within the
400mV transition region PSRR, CMRR, offset voltage,
offset drift, and THD may be degraded compared to opera-
tion outside this region.

OPA340 series op amps can drive a wide range of capacitive
loads. However, all op amps under certain conditions may
become unstable. Op amp configuration, gain, and load
value are just a few of the factors to consider when determin-
ing stability. An op amp in unity gain configuration is the
most susceptible to the effects of capacitive load. The
capacitive load reacts with the op amp’s output resistance,
A double-folded cascode adds the signal from the two inputalong with any additional load resistance, to create a pole in
pairs and presents a differential signal to the class AB outputhe small-signal response which degrades the phase margin.
stage. Normally, input bias current is approximately 200fA, In unity gain, OPA340 series op amps perform well, with a
however, input voltages exceeding the power supplies bypure capacitive load up to approximately 1000pF. Increasing
more than 500mV can cause excessive current to flow in orgain enhances the amplifier's ability to drive more capaci-
out of the input pins. Momentary voltages greater thantance. See the typical performance curve “Small-Signal
500mV beyond the power supply can be tolerated if the Overshoot vs Capacitive Load.”

current on the input pins is limited to 10mA. This is easily
accomplished with an input resistor as shown in Figure 3.
Many input signals are inherently current-limited to less
than 10mA, therefore, a limiting resistor is not required.

One method of improving capacitive load drive in the unity
gain configuration is to insert a @do 2@ resistor in series
with the output, as shown in Figure 4. This significantly
reduces ringing with large capacitive loads. However, if
there is a resistive load in parallel with the capacitive load,
it creates a voltage divider introducing a dc error at the
output and slightly reduces output swing. This error may be
insignificant. For instance, with,R= 10kQ and R, = 20Q,
there is only about a 0.2% error at the output.

IOVERLOAD

O Vour DRIVING A/D CONVERTERS

OPA340 series op amps are optimized for driving medium
= speed (up to 100kHz) sampling A/D converters. However,
they also offer excellent performance for higher speed
converters. The OPA340 series provides an effective means
FIGURE 3. Input Current Protection for Voltages Exceeding of buffering the A/D’s input capacitance and resulting

VIN

the Supply Voltage. charge injection while providing signal gain.
Figures 5 and 6 show the OPA340 driving an ADS7816.
RAIL-TO-RAIL OUTPUT The ADS7816 is a 12-bit, micro-power sampling converter

in the tiny MSOP-8 package. When used with the minia-
ture package options of the OPA340 series, the combina-
tion is ideal for space-limited and low power applications.
For further information consult the ADS7816 data sheet.

A class AB output stage with common-source transistors is
used to achieve rail-to-rail output. For light resistive loads
(>50KkQ), the output voltage is typically a few millivolts
from the supply rails. With moderate resistive load<X 2k
50kQ), the output can swing to within a few tens of milli- With the OPA340 in a noninverting configuration, an RC
volts from the supply rails and maintain high open-loop network at the amplifier's output can be used to filter high
gain. See the typical performanc curve “Output Voltage frequency noise in the signal (Figure 5). In the inverting
Swing vs Output Current.” configuration, filtering may be accomplished with a ca-
pacitor across the feedback resistor (Figure 6).

VOUT
10Q to
200 R C

FIGURE 4. Series Resistor in Unity-Gain Configuration Improves Capacitive Load Drive.

BURR - BROWN®

9 OPA340/2340/4340



+5V
O
0.1uF 0.1pF
8 |V+ 1| Veer
DCLOCK |——=O
- 5000 / .
+in ADS7816 6 Serial
. —————O
OPA340 ‘/\/\/\ 2 12-Bit AID Pour Interface
Vin + -In CSISHDN |———o
3300pF —— 3 GND| 24
Vn =0V to 5V for
0V to 5V output.
NOTE: A/D Input = 0 to Ve

RC network filters high frequency noise.

FIGURE 5. OPA340 in Noninverting Configuration Driving ADS7816.

+5V
330pF
I 0.1uF 0.1uF
ml I e
5kQ 5kQ — —
Vin O—‘/\/\/\; VVV 8 |V+ 1| Veer
7
™ DCLOCK |———0
+In ADS7816 6 Serial
8 ———O
OPA% 2 12-Bit AID Dour 5 Interface
—In CS/SHDN |——=0

+/ 8 GND| 4
1

V| = 0V to -5V for OV to 5V output.

NOTE: A/D Input = 0 t0 Ve

FIGURE 6. OPA340 in Inverting Configuration Driving ADS7816.

+5V

*—O

Filters 160Hz to 2.4kHz

243kQ 1.74MQ

FIGURE 7. Speech Bandpass Filter.
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High-Voltage, High-Current
OPERATIONAL AMPLIFIER

FEATURES

WIDE SUPPLY RANGE
Single Supply: +8V to +60V
Dual Supply: 4V to £30V

HIGH OUTPUT CURRENT:
3A Continuous
5A Peak

WIDE OUTPUT VOLTAGE SWING

FULLY PROTECTED:
Thermal Shutdown
Adjustable Current Limit

OUTPUT DISABLE CONTROL
THERMAL SHUTDOWN INDICATOR
HIGH SLEW RATE: 10V/ s

LOW QUIESCENT CURRENT

PACKAGES:
7-Lead TO-220
7-Lead DDPAK Surface-Mount

APPLICATIONS

VALVE, ACTUATOR DRIVER
SYNCHRO, SERVO DRIVER
POWER SUPPLIES
TEST EQUIPMENT
TRANSDUCER EXCITATION
AUDIO AMPLIFIER

DESCRIPTION

The OPAb48 is a low cost, high-voltage/high-current
operational amplifier ideal for driving a wide variety

of loads. A laser-trimmed monolithic integrated cir-

cuit provides excellent low-level signal accuracy and
high output voltage and current.

The OPA548 operates from either single or dual sup-
plies for design flexibility. In single supply operation,
the input common-mode range extends below ground.

The OPA548 is internally protected against over-
temperature conditions and current overloads. In addi-
tion, the OPA548 was designed to provide an accurate
user-selected current limit. Unlike other designs which
use a “power” resistor in series with the output current
path, the OPA548 senses the load indirectly. This
allows the current limit to be adjusted from 0 to 5A
with a resistor/potentiometer or controlled digitally
with a voltage-out or current-out DAC.

The Enable/Status (E/S) pin provides two functions.
An input on the pin not only disables the output stage
to effectively disconnect the load but also reduces the
quiescent current to conserve power. The E/S pin
output can be monitored to determine if the OPA548
is in thermal shutdown.

The OPA548 is available in an industry-standard

7-lead staggered TO-220 package and a 7-lead DDPAK
surface-mount plastic power package. The copper tal
allows easy mounting to a heat sink or circuit board
for excellent thermal performance. It is specified for

operation over the extended industrial temperature
range, —40C to +85C. A SPICE macromodel is

v+ available for design analysis.
@)
Vi, o™
OPA548 Vo
V,J'N o—+ I

1/4W Resist
ReL ( esistor)

R¢, sets the current limit
value from 0 to 5A.

<o
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SPECIFICATIONS

At Tease = +25°C, Vg = 30V and E/S pin open, unless otherwise noted.

OPA548T, F
PARAMETER CONDITION MIN TYP MAX UNITS
OFFSET VOLTAGE
Input Offset Voltage Vew=0,1=0 +2 +10 mvV
vs Temperature T, =-40°C to +85°C +30 pv/eC
vs Power Supply Vg = +4V to +30V 30 100 uv/v
INPUT BIAS CURRENT®
Input Bias Current®) Vey = 0V -100 -500 nA
vs Temperature T, =-40°C to +85°C +0.5 nA/°C
Input Offset Current Ven =0V +5 +50 nA
NOISE
Input Voltage Noise Density, f = 1kHz 90 nVWHzZ
Current Noise Density, f = 1kHz 200 fAWHZ
INPUT VOLTAGE RANGE
Common-Mode Voltage Range: Positive Linear Operation (V+) -3 (V+)-2.3 \
Negative Linear Operation (V-)-0.1 (V-)-0.2 \
Common-Mode Rejection Vem = (V=) 0.1V to (V+) =3V 80 95 dB
INPUT IMPEDANCE
Differential 1076 Q|| pF
Common-Mode 109 4 Q|| pF
OPEN-LOOP GAIN
Open-Loop Voltage Gain Vo =+25V, R, = 1kQ 90 98 dB
Vo= +25V, R = 8Q 90 dB
FREQUENCY RESPONSE
Gain-Bandwidth Product R =8Q 1 MHz
Slew Rate G =1, 50Vp-p, R.=8Q 10 Vips
Full Power Bandwidth See Typical Curve kHz
Settling Time: +0.1% G =-10, 50V Step 15 us
Total Harmonic Distortion + Noise, f = 1kHz R, =8Q, G = +3, Power = 10W 0.02® %
OUTPUT
Voltage Output, Positive lo=3A (V+) 4.1 (V+) -3.7 \
Negative lo==-3A (V-) +3.7 (V-) +3.3 \
Positive lo=0.6A (V+)-2.4 (V+)-2.1 \
Negative lo=-0.6A (V-) +1.3 (V-) +1.0 \
Maximum Continuous Current Output: dc +3 A
ac 3 Arms
Leakage Current, Output Disabled, dc See Typical Curve
Output Current Limit
Current Limit Range Oto 5 A
Current Limit Equation ILm = (15000)(4.75)/(13750Q + Rey) A
Current Limit Tolerance(® Re = 14.8kQ (I = +2.5A), +100 +250 mA
R =8Q
Capacitive Load Drive See Typical Curve®
OUTPUT ENABLE /STATUS (E/S) PIN
Shutdown Input Mode
Vg5 High (output enabled) E/S Pin Open or Forced High (V-) +2.4 \
Vg5 Low (output disabled) E/S Pin Forced Low (V-) +0.8 \
Ig;s High (output enabled) E/S Pin High —65 HA
lg/s Low (output disabled) E/S Pin Low -70 HA
Output Disable Time 1 us
Output Enable Time 3 us
Thermal Shutdown Status Output
Normal Operation Sourcing 20pA (V-) +2.4 (V-) +3.5 \
Thermally Shutdown Sinking 5pA, T;> 160°C (V-) +0.35 (V-) +0.8 \
Junction Temperature, Shutdown +160 °C
Reset from Shutdown +140 °C
POWER SUPPLY
Specified Voltage +30 \Y
Operating Voltage Range +4 +30 \%
Quiescent Current Im Connected to V—, I =0 +17 +20 mA
Quiescent Current, Shutdown Mode Im Connected to V—, I =0 +6 mA
TEMPERATURE RANGE
Specified Range —40 +85 °C
Operating Range —40 +125 °C
Storage Range -55 +125 °C
Thermal Resistance, 0;c
7-Lead DDPAK, 7-Lead TO-220 f>50Hz 2 °C/W
7-Lead DDPAK, 7-Lead TO-220 dc 25 °C/W
Thermal Resistance, 6,
7-Lead DDPAK, 7-Lead TO-220 No Heat Sink 65 °C/W

NOTES: (1) High-speed test at T; = +25°C. (2) Positive conventional current flows into the input terminals. (3) See “Total Harmonic Distortion+Noise vs Frequency” in
the Typical Performance Curves section for additional power levels. (4) See “Small-Signal Overshoot vs Load Capacitance” in the Typical Performance Curves section.
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CONNECTION DIAGRAMS

PACKAGE/ORDERING INFORMATION

Top Front View

7-Lead 7-Lead
Stagger-Formed DDPAK

TO-220 / \ Surface-Mount

1[[2[[3[]4]]5][6]|7 1 2“3 4H5H6H7H
| I | |
Viu | luw | v+ | EfS

Ve V- Vg

kS

NOTE: Tabs are electrically connected to V— supply.

ABSOLUTE MAXIMUM RATINGS (1)

Output Current
Supply Voltage, V+ to V—
Input Voltage ......
Input Shutdown Voltage
Operating Temperature ....
Storage Temperature....
Junction Temperature ...
Lead Temperature (soldering 10s)®@ 300°C

... See SOA Curve

NOTE: (1) Stresses above these ratings may cause permanent damage.
(2) Vapor-phase or IR reflow techniques are recommended for soldering the
OPAB548F surface mount package. Wave soldering is not recommended due to
excessive thermal shock and “shadowing” of nearby devices.

PACKAGE
DRAWING | TEMPERATURE
PRODUCT PACKAGE NUMBER ®© RANGE

OPA548T | 7-Lead Stagger-Formed TO-220 327 —40°C to +85°C

OPA548F@ | 7-Lead DDPAK Surface-Mount 328 —-40°C to +85°C

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book. (2) Available on Tape and
Reel.

$ ELECTROSTATIC
(@A DISCHARGE SENSITIVITY

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 degrada-
tion 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.

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 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.
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TYPICAL PERFORMANCE CURVES

At Tease = +25°C, Vg = 30V and E/S pin open, unless otherwise noted.

OPEN-LOOP GAIN AND PHASE
vs FREQUENCY

100
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INPUT BIAS CURRENT vs TEMPERATURE
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TYPICAL PERFORMANCE CURVES (CONT)

At Tcase = +25°C, Vg = #30V and E/S pin open, unless otherwise noted.

COMMON-MODE REJECTION vs FREQUENCY
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VOLTAGE NOISE DENSITY vs FREQUENCY
500

400

300

200

Voltage Noise (nV/VHz)

100

100 1k
Frequency (Hz)

10k 100k im

GAIN-BANDWIDTH PRODUCT AND
SLEW RATE vs TEMPERATURE
1.25 13

GBW

SR+

\10

Gain-Bandwidth Product (MHz)

-25 0 25 50 75

Temperature (°C)

100 125

Slew Rate (V/ps)

THD+N (%)

POWER SUPPLY REJECTION
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TYPICAL PERFORMANCE CURVES (conT)

At Tease = +25°C, Vg = 30V and E/S pin open, unless otherwise noted.

OUTPUT VOLTAGE SWING vs OUTPUT CURRENT
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OUTPUT VOLTAGE SWING vs TEMPERATURE
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TYPICAL PERFORMANCE CURVES (CONT)

At Tcase = +25°C, Vg = #30V and E/S pin open, unless otherwise noted.

Overshoot (%)
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40
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20
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50mV/div

SMALL-SIGNAL OVERSHOOT
vs LOAD CAPACITANCE

G=+1
G=-1
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Load Capacitance (pF)
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G =1, C_ = 1000pF
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LARGE-SIGNAL STEP RESPONSE
G =3, C_ = 1000pF, R, = 8Q

5us/div

SMALL-SIGNAL STEP RESPONSE
G =3, C, = 1000pF

2ps/div

OPA548

BURR - BROWN®



APPLICATIONS INFORMATION With the OPA548, the simplest method for adjusting the

. . current limit uses a resistor or potentiometer connected
Figure 1 shows the OPA548 connected as a basic nonpetween the,|y pin and V- according to the equation:
inverting amplifier. The OPA548 can be used in virtually

any op amp configuration. R. = (15000)(4.75)
L=

Power supply terminals should be bypassed with low series Y

impedance capacitors. The technique shown, using a ce-

ramic and tantalum type in parallel is recommended. InThe low level control signal (0 to 3@8) also allows the
addition, we recommend a O capacitor between V+  cuyrrent limit to be digitally controlled.

and V- as close to the OPA548 as possible. Power suppl
wiring should have low series impedance.

—13750Q

)f:igure 3 shows a simplified schematic of the internal cir-
cuitry used to set the current limit. Leaving thg Ipin open
programs the output current to zero, while connectipg |

V+ directly to V— programs the maximum output current limit,
104 7 o typically 5A.
Hon ol BEEN
= | 0F® SAFE OPERATING AREA

Stress on the output transistors is determined both by the
output current and by the output voltage across the conduct-
ing output transistor, ¥— Vo. The power dissipated by the
output transistor is equal to the product of the output current
and the voltage across the conducting transistgr V.

The Safe Operating Area (SOA curve, Figure 2) shows the
permissible range of voltage and current.

SAFE OPERATING AREA

° ===
—— Current-Limited
NOTE: (1) I, connected to V- gives the maximum current s N R s 1
limit, 5A (peak). (2) Connect capacitors directly to package < f Te=25°CT]
power supply pins. ‘E T ’°0\\ VY
5] Output current can | NN ) X
. . . . = L N O\\ L[,
FIGURE 1. Basic Circuit Connections. 3 1 fbelimited to less Bk
5 Cthan 3A—see text. “ S
2 N
£ o
POWER SUPPLIES o
. T.=85°C
The OPA548 operates from single (+8V to +60V) or dual ¢~

- - - Pulse Operation Only .4
o Te=125°C
(Limit rms current to < 3A)  © | |

(x4V to £30V) supplies with excellent performance. Most
behavior remains unchanged throughout the full operating 01
voltage range. Parameters which vary significantly with
operating voltage are shown in the typical performance
curves.

1 2 5 10 20 50 100
VO - VO (V)

o ) - ~ FIGURE 2. Safe Operating Area.
Some applications do not require equal positive and negative

output voltage swing. Power supply voltages do not need to )
be equal. The OPA548 can operate with as little as gy The safe output current decreases @s V increases. Out-

between the supplies and with up to 60V between thePUt shqrt-gircuits are a very demanding case for SOA. A
supplies. For example, the positive supply could be set toShort-circuit to ground forces the full power supply voltage

55V with the negative supply at 5V, or vice-versa. (V+ or V=) across the conducting transistor. Increasing the
’ case temperature reduces the safe output current that can be

tolerated without activating the thermal shutdown circuit of
ADJUSTABLE CURRENT LIMIT the OPA548. For further insight on SOA, consult Applica-
The OPA548 features an accurate, user-selected currenfion Bulletin AB-039.
limit. Current limit is set from 0 to 5A by controlling the
input to the |\, pin. Unlike other designs which use a power AMPLIEIER MOUNTING
resistor in series with the output current path, the OPA548
senses the load indirectly. This allows the current limit to be
set with a 0 to 330A control signal. In contrast, other
designs require a limiting resistor to handle the full output
current (5A in this case).

Figure 4 provides recommended solder footprints for both the
TO-220 and DDPAK power packages. The tab of both pack-
ages is electrically connected to the negative supply, V-. It
may be desirable to isolate the tab of TO-220 package from its

BURR - BROWN®
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RESISTOR METHOD DAC METHOD (Current or Voltage)
o—-
Max lg = Iy
o4l = (4.75) (15000) Max Ig = Iy
“HMT13750Q + R, 1y =15000 Iger
0.01pF
(optional, for noisy
environments)
V-
15000 (4.75V) Iser = 1,/15000
oL = —— —13750Q
lLim Vger = (V=) + 4.75V — (13750Q) (I,,,)/15000
OPA547 CURRENT LIMIT: O to 5A
DESIRED RESISTOR® CURRENT VOLTAGE
CURRENT LIMIT (Re) (Isgr) (Vser)
0A I,,m Open OpA (V-) +4.75v
1A 57.6kQ 67pA (V=) +3.8V
2.5A 14.7kQ 167pA (V=) + 2.5V
3A 10kQ 200pA (V-) + 2V
4A 4.02kQ 267pA (V=) + 1.1V
5A I.m Connected to V- 333pA (V-)
NOTE: (1) Resistors are nearest standard 1% values.
FIGURE 3. Adjustable Current Limit.
7-Lead TO-220 7-Lead DDPAK(1)
(Package Drawing #327) (Package Drawing #328)
0.51
|:| ST T T T T T T N
( | |
| =
0 I I
0 it : |
8 i O O ? ! !
o " | |
— | | [Te}
| 3 | | | &
-+ tol0 0O O~ | s
4 ‘
‘ 0.04 ! |
005> |=~= T e
bt
N
o
| |—-— —=| |- 0.035
0.05
0.105 = -
Mean dimensions in inches. Refer to end of data sheet
or Appendix C of Burr-Brown Data Book for tolerances NOTE: (1) For improved thermal performance increase footprint area.
and detailed package drawings. See Figure 6, “Thermal Resistance vs Circuit Board Copper Area”.

FIGURE 4. TO-220 and DDPAK Solder Footprints.

mounting surface with a mica (or other film) insulator (see dissipation. Figure 6 shows typical thermal resistance from
Figure 5). For lowest overall thermal resistance it is best tojunction-to-ambient as a function of the copper area
isolate the entire heat sink/lOPA548 structure from the mount-

ing surface rather than to use an insulator between the semp\WER DISSIPATION

conductor and heat sink. T .
Power dissipation depends on power supply, signal, and load
For best thermal performance, the tab of the DDPAK sur- -gnditions. For dc signals, power dissipation is equal to

face-mount version should be soldered directly to a circuit the product of output current times the voltage across the
board copper area. Increasing the copper area improves heat

BURR - BROWN®
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THERMAL RESISTANCE
vs ALUMINUM PLATE AREA

18 Aluminum Plate Area

I I
Vertically Mounted

in Free Air Flat, Rectangular

N\

2 16 \\ Aluminum Plate
o ~ T T T T )| - = _______
< \ \\ I I
< \ N T 1
o 14 | [
|
g \% 0.030in Al Lo Lo
2 1 I : O [
14 | [
= . X\\ Lo o
g 0.050in Al S~ P! o
g 10 ~ .4 L
= Aluminum /N\
Plate Thickness 0.062in Al I~~~
8 . . : Optional mica or film insulator
0 1 2 3 4 5 6 7 8 for elegtrical isolation. Adds OPA548
Aluminum Plate Area (inches?) approximately 1°C/W. TO-220 Package
FIGURE 5. TO-220 Thermal Resistance vs Aluminum Plate Area.
THERMAL RESISTANCE vs
CIRCUIT BOARD COPPER AREA
50 T T T
g \ OPABASE Circuit Board Copper Area
o 40 N Surface Mount Package —
~ \ 10z copper
< | | IN |  tozcopper . | ___
> 20 | |
o | o —— ~
2 S~ Pl o
& [ o
1%}
@ 20 b [
2 o o
= | : | o
£ I I P
g 10 Pty b d
- T
0 OPA548
0 1 2 3 4 5 Surface Mount Package
Copper Area (inches?)

FIGURE 6. DDPAK Thermal Resistance vs Circuit Board Copper Area.

conducting output transistor. Power dissipation can be mini-tion of the amplifier but may have an undesirable effect on
mized by using the lowest possible power supply voltage the load.

necessary to assure the required output voltage swing.  Apy tendency to activate the thermal protection circuit

For resistive loads, the maximum power dissipation occursindicates excessive power dissipation or an inadequate heat
at a dc output voltage of one-half the power supply voltage.sink. For reliable operation, junction temperature should be
Dissipation with ac signals is lower. Application Bulletin limited to 128C, maximum. To estimate the margin of
AB-039 explains how to calculate or measure power dissi- safety in a complete design (including heat sink) increase the

pation with unusual signals and loads. ambient temperature until the thermal protection is trig-
gered. Use worst-case load and signal conditions. For good
THERMAL PROTECTION reliability, thermal protection should trigger more thaf@5

above the maximum expected ambient condition of your
application. This produces a junction temperature of@25
at the maximum expected ambient condition.

Power dissipated in the OPA548 will cause the junction
temperature to rise. The OPA548 has thermal shutdown
circuitry that protects the amplifier from damage. The ther-
mal protection circuitry disables the output when the junc- The internal protection circuitry of the OPA548 was de-
tion temperature reaches approximately’G5@llowing the signed to protect against overload conditions. It was not
device to cool. When the junction temperature cools to intended to replace proper heat sinking. Continuously run-
approximately 14%C, the output circuitry is again enabled. ning the OPA548 into thermal shutdown will degrade reli-
Depending on load and signal conditions, the thermal pro-2ability.

tection circuit may cycle on and off. This limits the dissipa-

BURR - BROWN®
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HEAT SINKING Combining equations (1) and (2) gives:

Most appllcatlon§ require a heat sink to assure that the Ty=Ta + Po(Byc + Ocn + Bn) 3)
maximum operating junction temperature (12p is not . . o o
exceeded. In addition, the junction temperature should bels Ta, @nd B are given8ycis provided in the specification
kept as low as possible for increased reliability. Junction table, 2.3C/W (dc). 8¢y, can be obtained from the heat sink

temperature can be determined according to the equation: Manufacturer. Its value depends on heat sink size, area, and
material used. Semiconductor package type, mounting screw

Ty=Ta+ Pobia @ torque, insulating material used (if any), and thermal
where, 05, = 65c + Oy + B ) joint compound used (if any) also affeét,. A typical B¢y
for a TO-220 mounted package BCIW. Now we can solve

T;= Junction TemperaturéQ) for Gy
T, = Ambient TemperaturéC)
Pp = Power Dissipated (W) T,-T,
0c = Junction-to-Case Thermal Resistant@/\{V) Oua = P——(eac + 9CH)
6cy = Case-to-Heat Sink Thermal Resistant@/\(V) OD 3
6,44 = Heat Sink-to-Ambient Thermal ResistancE/{V) Oup = 125°C-40°C —(2.5°C/W +1°C/W) =13.5°C/W
6,4 = Junction-to-Air Thermal ResistanciC(W) SW

Figure 7 shows maximum power dissipation versus ambientty majntain junction temperature below 125 the heat
temperature with and without the use of a heat sink. Usingsjnk selected must havea, less than 1%C/W. In other

a heat sink significantly increases the maximum power ords, the heat sink temperature rise above ambient must be
dissipation at a given ambient temperature as shown.  |ess than 67 (13.5C/W x 5W). For example, at 5 Watts
The difficulty in selecting the heat sink required lies in Thermalloy model number 6030B has a heat sink
determining the power dissipated by the OPA548. For dctemperature rise of 86 above ambientd;, = 66°C/5W =
output into a purely resistive load, power dissipation is 13.2C/W), which is below the 67°€ required in this
simply the load current times the voltage developed acrossxample. Figure 7 shows power dissipation versus ambient
the conducting output transistorp B 1, (V<Vg). Other temperature for a TO-220 package with a 6030B heat sink.
loads are not as simple. Consult Application Bulletin AB-
039 for further insight on calculating power dissipation.
Once power dissipation for an application is known, the
proper heat sink can be selected.

Another variable to consider is natural convection vs forced
convection air flow. Forced-air cooling by a small fan can
lower B:4 (Bcy + B44) dramatically. Heat sink manufactures
provide thermal data for both of these cases. For additional
information on determining heat sink requirements, consult

MAXIMUM POWER DISSIPATION Application Bulletin AB-038.
10 Vs AMBIENT TEMPE‘RATURE : As mentioned earlier, once a heat sink has been selected the
T‘o,zzo with T,termauoy Po = (T; (max) ~ T,) /8, complete design should be tested under worst-case load and
- 3 60308 Heat Sink | T (m""x)i‘“o ¢ signal conditions to ensure proper thermal protection.
|2} IA = .
g With infinite heat sink
T 6 (614 = 2.5°CIW), | ENABLE/STATUS (E/S) PIN
o - — o
g |oopan | QPD'SOW ATy=25°C. The Enable/Status Pin provides two functions: forcing this
B | 63a = 26°C/W pin low disables the output stage, or, E/S can be monitored
4 T(3in? one oz
g copper mounting pad) to determine if the OPA548 is in thermal shutdown. One or
§ ) \ both of these functions can be utilized on the same device
DDPAW\\\ using single or duall supplies. For normal operation (output
o L= B5°CIW (no heatsinkg I enabled), the E/S pin can be left open or pulled high (at least
0 25 50 75 100 195 2.4V above the negative rail). A small value capacitor
Ambient Temperature (°C) connected between the E/S pin and V— may be required for

noisy applications.

FIGURE 7. Maximum Power Dissipation vs Ambient oytpyt Disable

Temperature. A unique feature of the OPA548 is its output disable capa-
bility. This function not only conserves power during idle
periods (quiescent current drops to approximately 6mA) but
also allows multiplexing in low frequency (f<20kHz), mul-

A TO-220 package is dissipating 5 Watts. The maximum tichannel applications. Signals greater than 20kHz may
expected ambient temperature iS@0Find the proper heat  c5,se leakage current to increase in devices that are shut-
sink to keep the junction temperature belowT2§150C down. Figure 18 shows the two OPA548s in a switched
minus 23C safety margin). amplifier configuration. The on/off state of the two amplifi-

ers is controlled by the voltage on the E/S pin.

Heat Sink Selection Example

BURR - BROWN®
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To disable the output, the E/S pin is pulled low, no greater
than 0.8V above the negative rail. Typically the output is
shutdown in fus. Figure 8 provides an example of how to
implement this function using a single supply. Figure 9 gives
a circuit for dual supply applications. To return the output to
an enabled state, the E/S pin should be disconnected (open) ¢r
pulled to at least (V=) + 2.4V. It should be noted that pulling
the E/S pin high (output enabled) does not disable internal
thermal shutdown.

2.49kQ

TTL

Zetex
ZVN3310

FIGURE 10. Thermal Shutdown Status with a Single Supply.

V+ 5V

CMOS or TTL

. . . 2N3906
FIGURE 8. Output Disable with a Single Supply.

ZVN3310
V+
@)
V—
5V
opp%—o FIGURE 11. Thermal Shutdown Status with Dual Supplies.
+ E/S
1
6 Output Disable and Thermal Shutdown Status

o 5 As mentioned earlier, the OPA548’s output can be disabled

= and the disable status can be monitored simultaneously.

[ OHCTorTTLin Figures 12 and 13 provide examples interfacing to the E/S

4 pin while using a single supply and dual supplies, respec-

4N38 tively.
O
V- Optocoupler
, , . OUTPUT STAGE COMPENSATION
NOTE: (1) Optional—may be required to limit leakage . .
current of optocoupler at high temperatures. The complex load impedances common in power op amp
applications can cause output stage instability. For normal
operation output compensation circuitry is typically not

FIGURE 9. Output Disable with Dual Supplies. required. However, if the OPA548 is intended to be
driven into current limit, an R/C network may be required.
Figure 14 shows an output series R/C compensation (snub-

Thermal Shutdown Status ber) network which generally provides excellent stability.
Internal thermal shutdown circuitry shuts down the output

when the die temperature reaches approximate§Cl66set-
ting when the die has cooled to €0 The E/S pin can be

monitored to determine if shutdown has occurred. During cally 20 to 100 in series with 0.00F to 0.1iF is adequate.

normal operation the voltage on the E/S pin is typically 3.5V - A . .
. . . Some variations in circuit value may be required with
above the negative rail. Once shutdown has occurred this

voltage drops to approximately 350mV above the negative rail.Certaln loads.

A snubber circuit may also enhance stability when driving
large capacitive loads (>1000pF) or inductive loads (motors,
loads separated from the amplifier by long cables). Typi-

Fllgure 10 gives an e{(amplg of momtonng shutdpwn' iN'a 5 TPUT PROTECTION
single supply application. Figure 11 provides a circuit for ) .
dual supplies. External logic circuitry or an LED could be Reactive and EMF-generating loads can return load cur-

used to indicate if the output has been thermally shutdown,F€nt to the amplifier, causing the output voltage to exceed
see Figure 16. the power supply voltage. This damaging condition can

BURR - BROWN®
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D,

10Q
- Open Drain HCT (Carbon) @
(Output Disable)  (Thermal Status 0.01uF
Shutdown) :l: " L
D,, D, : Motorola MUR410.
FIGURE 12. Output Disable and Thermal Shutdown Status FIGURE 14. Motor Drive Circuit.
with a Single Supply.
V+
O
5V 1 s
7.5kQ 5 TTL Out

T

Optocoupler
HCTor TTL In 0—2

1w
&N 2
Zetex
5 ZVN3310 4N38

4N38

Optocoupler V—

NOTE: (1) Optional—may be required to limit leakage
current of optocoupler at high temperatures.

FIGURE 13. Output Disable and Thermal Shutdown Status with Dual Supplies.

be avoided with clamp diodes from the output terminal to V,, is connected to the noninverting input of the op amp
the power supplies as shown in Figure 14. Schottky and used as a voltage reference, thus eliminating the need for
rectifier diodes with a 5A or greater continuous rating are an external reference. The feedback resistors are selected to
recommended. gain V¢, to the desired output voltage level.

VOLTAGE SOURCE APPLICATION PROGRAMMABLE POWER SUPPLY

Figure 15 illustrates how to use the OPA548 to provide anA programmable source/sink power supply can easily be

accurate voltage source with only three external resistorsbuilt using the OPA548. Both the output voltage and output

First, the current limit resistor,dg, is chosen according to  current are user-controlled. Figure 16 shows a circuit using

the desired output current. The resulting voltage atjthe | potentiometers to adjust the output voltage and current while

pin is constant and stable over temperature. This voltageFigure 17 uses digital-to-analog converters. An LED tied to
the E/S pin through a logic gate indicates if the OPA548 is
in thermal shutdown.

BURR - BROWN®
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——O V=V (1+RyR))

13750Q
N _ 15000 (4.75V)
0% —————
Ve = 13750Q + R,
/ ILim
For E le:
or Example % Re. == 0.01pF
If I =3A, Re =10kQ (Optional, for noisy
_10kQe475V environments)
CL7 (10kQ + 13750Q) =
20 .
Desired Vo= 20V,G = ——=10 Uses voltage developed at I, pin
2 as a moderately accurate reference
R; = 1kQ and R, = 9kQ voltage.
FIGURE 15. Voltage Source.
1kQ 9kQ
AW e 6=1+28 _y
— +5V 1kQ
- +30V
V+
6
8 ——O Vg = 1.2V to 25V
10kQ 7| E/S lo=0to 5A
Output
Adjust 74HCTO04 R >2500
V-

" - \\_T_ Thermal //(( (LED)

0V to 4.75V Shutdown Status
1kQ -
Current
Limit NOTES: (1) For Vo< 0V, V-< -1V.
Adjust 20kQ _—|— 0.01uF® (2) Optional: Improves noise
— immunity.

FIGURE 16. Resistor-Controlled Programmable Power Supply.
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1kQ 9kQ

-5V
o W YW
Vier OUTPUT ADJUST =
[d= == mmm m e e e e e e e e e e e e e mmm - - = - \ G=10
1 +5V |
! Vrera 1
|
|
! Rega v 1
1
1
! \ L opF | OPA548 +—— OV, = 0.8 0 25V
%J\ 4 - ! lo=0to5A
1/2 DAC7800/1/26) lour a 12 ! 74HCTO4
1 OPA233 1 R > 2500
| >
DAC A + 1
|
X AGND A : W
1
. e ! = Thermal //(( (LED)
1 - : Shutdown Status
e
1 Vrers !
1
1
! —_lﬁ Ress .
|
|
. \ L 10pF 1
ra— 1 h |
V | 1/2 1
1/2 DAC7800/1/2(3) ouTB OPA233 0
DACB + 1
—= 0.01pF®@ |
|
|
1

CURRENT LIMIT ADJUST

NOTES: (1) For Vg < 0V, V- < —1V. (2) Optional, improves noise immunity. (3) Chose DAC780X based on
digital interface: DAC7800 - 12-bit interface, DAC7801 - 8-bit interface + 4 bits, DAC7802 - serial interface.
(4) Can use OPA2237, |5 = 100mA to 5A.

FIGURE 17. Digitally-Controlled Programmable Power Supply.

Rl RZ
Vint O_\/\/\/\ * ‘/\/\/\
AMP1
AEs
= Reiz
Close for high current
OV, (Could be open drain
Rs R, output of a logic gate).
Viis © P Vine© VVYV ’ ‘/\/\/\
— O
S ? AMP2 V-
+ . . .
E/S FIGURE 19. Multiple Current Limit Values.
Vgis> (V=) +2.4V: Amp 1 is on, Amp 2 if off
V=V (Rz) OPA548 O Vo
Ry As Vg increases,
) ; I m decreases.
Vs < (V=) +2.4V: Amp 2 is on, Amp 1 if off
Vo=V, (&)
RS
FIGURE 18. Switched Amplifier. FIGURE 20. Single Quadrant V « | Limiting.
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G:1+ﬂ:5<1)
1kQ

0.25Q

—O V,
1o = 10A (peak)®

0.25Q

NOTES: (1) Works well for G < 10. Input offset causes output current to flow between amplifiers
with G > 10. Gains (resistor ratios) of the two amplifiers should be carefully matched to ensure
equal current sharing. (2) As configured (I ,,, connected to V—) output current limit is set to 10A
(peak). Each amplifier is limited to 5A (peak). Other current limit values may be obtained, see
Figure 3, “Adjustable Current Limit”.

FIGURE 21. Parallel Output for Increased Output Current.
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