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General Description
The LMP8275 is a fixed gain differential amplifier with a -2V
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High Common Mode, Gain of 20, Precision Voltage

Features
Typical Values, T, = 25°C

to 16V input common mode voltage range and a supply volt-  m |nput offset voltage +2 mV max
age range of 4.75V to 5.5V. The LMP8275 is part of the g TCvos +30 pV/°C max
LMP® precision amplifier family which will detect, amplify and = CMRR 80 dB min
filter small differential signals in the presence of high common Outout volt . Rail-t i
mode voltages. The gainis fixed at 20 and is adequate to drive = Dulpu ,VO age swing a-to-rai
an ADC to full scale in most cases. This gain is achieved in ™ Bandwidth . 80 kHz
two stages, a preamplifier with a fixed gainof 10andasecond ™ Operating temperature range (ambient) —40°C to 125°C
stage amplifier with a fixed gain of 2. The internal signal path ~ ® Supply voltag 4.75V to 5.5V
between these two stages is brought out on two pins, A1 and m Supply current 1mA
A2, which provide a connection for a filter network.
The LMP8275 will function over an extended common mode Appll’ ns
mput vgltage range making the device swtaple for applica- Fue! injection o
tions with load dump events such as automotive systems. . . . . .
m High and low side driver configuration current sensing
» ver management systems
Typical Application
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LMP8275

Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,

Distributors for availability and specifications.

ESD Tolerance (Note 2)
Human Body Model

5V Electrical Characteristics (vote 4

face limits apply at the temperature extremes.

please contact the National Semiconductor Sales Office/

For +IN and -IN +4000V

For all other pins +2000V

Machine Model 200V

Supply Voltage (Vg - GND) 5.75V
Common Mode Voltage on +IN and -IN

Transient (400 ms) -7V to 45V

Unless otherwise specified, all are limits guaranteed for T, = 25°C, Vg = 5V, GND = 0

Storage Temperature Range —-65°C to +150°C

Junction Temperature (Note 3) +150°C
Soldering Information
Infrared or Convection (20 sec) 235°C
Wave Soldering Lead Temp. (10 sec) 260°C

Operating Ratings (note 1)

Temperature Range

Packaged Device (Note 3) —40°C to +125°C

Supply Voltage (Vg —GND) 4.75V to 5.5V
Package Thermal Resistance (6,, (Note 3))
8-Pin SOIC 190°C/W

-2V < Vg, < 16V, R = Open. Bold-

Symbol Parameter Conditions ' n ( N-cl;‘t,: 5 Max Units
Vos Input Offset Voltage Vem = Vg2 £0.25 | +2.0 mV
TCVqs Input Offset Voltage Drift Vem = Vg2 2500 S_T S c +20 %30

40°C < T, £25°C +20 s | WV
A2 g Input Bias Current of A2 (Note 6) Y 4 -20 fA
20 nA
Is Supply Current 1.0 1.2 mA
1.4
Rewm Input Impedance Common Mode 160 200 240 kQ
Rowm Input Impedance Differential Mode W 320 400 480 kQ
CMVR Input Common-Mode Voltage Range -2 +16 \
DC DC Common Mode Rejection Ratio |g°C < Ta 250 -2V < Vg, S 168V 80 103 B
CMRR 40°C = T, £0°C -2V < Vg, S 16V 77
AC AC Common Mode Rejection Ratio <V., <16V f=1kHz 80 95
CMRR (Note 7) —2V < Vi S 16V f=10 kHz 78 9
PSRR Power Supply Rejection R v 4.75V £ Vg <55V 70 80 dB
RenT Filter Resistor + 97 100 103 kQ
TCRe ;| Filter Resistor Drift N +20 ppm/°C
Ay Total Gain 19.8 20 20.2 VIV
Gain Drift +2 +25 ppm/°C
Ay A1 Gain 9.9 10 10.1 VIV
Ao A2 Gain 1.98 2.0 2.02 VIV
A1 Vgyr |A1 Output Voltage Swing VOL 0.004 0.01 Y
VOH 4.80 4.95
A2 Voyr | A2 Output Voltage Swing R,= 100 kQ on Output |VOL 0.007 | 0.02
(Note 8, Note 9) VOH 4.80 4.99 v
R.= 10 kQ on Output |VOL 0.03 v
VOH 4.95
SR Slew Rate (Note 10) 0.7 V/us
BW Bandwidth 80 kHz
Noise 0.1 Hzto 10 Hz 5.7 MVpp
Spectral Density f=1kHz 452 nVAHz
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Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics
Tables.

Note 2: Human Body Model is 1.5 kQ in series with 100 pF. Machine Model is 0Q in series with 200 pF.

Note 3: The maximum power dissipation is a function of T yax), 6,4, and T,. The maximum allowable power dissipation at any ambient temperature is
Pp = (Tymax) - Ta)/ 6,4 - All numbers apply for packages soldered directly onto a PC board.

Note 4: Electrical table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very limited self-heating
of the device.

Note 5: Typical values represent the parametric norm at the time of characterization.

Note 6: Positive current corresponds to current flowing into the device.

Note 7: AC Common Mode Signal is a 16 Vpp sine-wave (0V to 16V) at the given frequency
Note 8: For VOL, R is connected to Vg and for VOH, R is connected to GND.

Note 9: For this test input is driven from A1 stage.

Note 10: Slew rate is the average of the rising and falling slew rates.

Connection Diagram

8-Pin SOIC
N4
N E B
GND | 2 7 C
LMP827
A1]3 8275 I-G Vg
A2 14 J ol
20148703
T¢ W
Ordering Information
Package Part Number Package kino Transport Media NSC Drawing
. LMP8275MA 95 Units/Rail
8-Pin SOIC -MP8275MA - MO8A
LMP8275MAX 2.5k Units Tape and Reel
3 www.national.com
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LMP8275

Typical Performance Characteristics
Unless otherwise specified: T, = 25°C, Vg =5V, Vg = Vg/2
Vos Vs. V¢ Over Temperature Typical Vg vs. Temperature
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PSRR (dB)
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Gain vs. Frequency Over Temperature
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LMP8275

INPUT SIGNAL

OUTPUT SIGNAL

OUTPUT VOLTAGE (V)
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Application Note

LMP8275

The LMP8275 is a single supply amplifiers with a fixed gain
of 20 and a common mode voltage range of -2V to 16V. The
fixed gain is achieved in two separate stages, a preamplifier
with gain of +10 and a second stage amplifier with gain of +2.
A block diagram of the LMP8275 is shown in Figure 1.

LMP8275
i RRRRRTRN FS R S R ,
1 1
1 1
1 1
1 1
1 1
+IN O—— PROPRIETARY A2 H
! | LEVEL - SHIFT A2 o ouT
Nno] crourry '
1 1
' 100 kQ i
1 1
1 1
1 1
1 | |

20148701

FIGURE 1. LMP8275

The overall offset of the LMP8275 is minimized by trimming
amplifier A1. This is done in such a way that the output re-
ferred offset of A1 cancels the input referred offset of A2 or
10Vos1 = -Vosa.

Because of this offset voltage relationship, the offset of each
individual amplifier stage may be more than the limit specifi
for the overall system in the datasheet tables. If the signal
going from A1 to A2 is amplified or attenuated (by use of am-
plifiers and resistors), the overall LMP8275 offset be
affected as a result. Filtering the signal between A1 ai 2
or simply connecting the two pins will not change the offset ¢
the LMP8275.

Referencing input referred offset voltages, the ing rela-
tionship holds:

(10V6s1) * (Vosa) _ v

327
os\
10
If the signal on pin 3 is scaled, attenuated or amplified, by a
factor X, then the offset of the overall sysiem will become:

(10V5g4) X (X) + (Vis,)
10 (X)

= Vg (LMP8275)

POWER SUPPLY DECOUPLING

In order to decouple the LMP8275 from AC noise on the pow-
er supply, it is recommended to use a 0.1 pF on the supply
pin. It is best to use a 0.1 pF capacitor in parallel with a 10
MF capacitor. This will generate an AC path to ground for most
frequency ranges and will greatly reduce the noise introduced
by the power supply.

SECOND ORDER LOW PASS FILTER

The LMP8275 can be effectively used to build a second order
Sallen-Key low pass filter. The general filter is shown in

b Vo

20148731

FIGURE 2. Se | Order Low-Pass Filter
With the gene ansfer function:
Vo __K
V|N M - KN (1)
Where
= 820102R1 Ry + S(R1C1+R1CQ+C1R2) +1
N= SCzR1
and
1 1 R3
—_— = — + —
K Aw. Rs3*+Rs

K represents the sum of DC closed loop gain and the non-
ideal behavior of the operational amplifier. Assuming ideal
behavior, the equation for K reduces simply to the DC gain,
which is +2 for the LMP8275.

The LMP8275 can be used to realize this configuration as
shown in Figure 3:

Vg =4.75V 10 5.5V

LMP8275 I
:
H—
+IN O—t—
! |PROPRIETARY
1 |LEVEL - SHIFT ouT
1 | CIRcuITRY
-IN O—:— R, =
! 100 kQ
1
e [ N S —
GND Al

20148753

FIGURE 3. Low-Pass Filter With LMP8275
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LMP8275

Assuming ideal behavior, the equation for K reduces simply
to the DC gain, which is set for +2 for the LMP8270.

Using Equation 1, the filter parameters can be calculated as
follows:

1
Wg=———
vR1R2C1Co
1
fe

271 v R1R2C1Co

VR1R2C1C2

Q= R Ci+R.C1+(1-K)R1C;

for the LMP8275, R, = 100 kQ. Setting R; = R, and C; = C,
results in a low pass filter with Q = 1. Since the values of re-
sistors are predetermined, the corner frequency of this imple-
mentation of the filter depends on the capacitor values.

GAINS OTHER THAN 20

THe LMP8275 has an internal gain of +20; however this gain
can be modified. The signal path between the two amplifiers
is available as external pins.

GAINS LESS THAN 20

Figure 4 shows the configuration used to reduce the
LMP8275 gain.

Vg =4.75V 10 5.5V

LMP8275 I

+IN O—— PROPRIETARY

! | LEVEL - SHIFT N 40 ouTt
N o] CIRCUITRY GAIN :
E 100 k2
"""""""" s NDW v A
R. AlA2
20148747
FIGURE 4. Gains Less Than 20
Where:
20 RG
AIN (NEW)= ————
G ( ) RG + 100 kQ
and
GAIN (NEW
RG = (100 kQ) ( )

20 - GAIN (NEW)

GAINS GREATER THAN 20

A higher gain can be achieved by using positive feedback on
the second stage amplifier, A2, of LMP8275. Figure 5 shows
the configuration:

=4.75V to 5.5V

)

]

]

1

H
*+IN 0= PROPRIETARY
LEVEL - SHIFT

CIRCUITRY

ouT

Re

20148750

IGURE 5. ns Greater Than 20
The total gain an by:
| 20 RG
GAIN (NEW) = m

Which can be rearranged to calculate Rg:

GAIN (NEW)
GAIN (NEW) - 20

Rg= (100 kQ)

The inverting gain of the second amplifier is set at 2, giving
the total system a gain of 20. The non-inverting gain which is
achieved through positive gain can be less than or equal to
this gain without any issues. This implies a total gain of 40 or
less is easily achievable. Once the positive gain surpasses
the negative gain, the system might oscillate.

As the value of gain resistor, Rg, approaches that of the in-
ternal 100 kQ resistor, maintaining gain accuracy will become
more challenging. This is because Gain (new) is inversely
proportional to (Rg-100 kQ), see Equation 2. As Rg — 100
kQ, the denominator of Equation 2 gets smaller. This smaller
value will be comparable to the tolerance of the 100 kQ re-
sistor and Rg and hence the gain will be dominated by accu-
racy level of these resistors and the gain tolerance will be
determined by the tolerance of the external resistor used for
Rg and the 3% tolerance of the internal 100 kQ resistor.

CURRENT LOOP RECEIVER

Many types of process control instrumentation use
4 to 20 mA transmitters to transmit the sensor’s analog value
to a central control room. The LMP8275 can be used as a
current loop receiver as shown in Figure 6.

www.national.com
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Vg=4.751t05.5V

LMP8275
(meeeeecccccccccccadecccccccccccccccccanan,
[} [}
[} [}
. [}
4 mAto 20 mA H H
CURRENT LOOP ] H
+ |PROPRIETARY A2 H
¢ | LEVEL-SHIFT GAIN=2 ouT
' | CIRCUITRY H ~
: : VOUT =08TO4.0vV
] 100 kQ ]
L} [}
[} [}
[} [}
[} L}
GND A2
20148724
FIGURE 6. Current Loop Rer
HIGH SIDE CURRENT SENSING serse signals ouiside of its supply voltage range. Also, the
High side current measurement requires a differential ampli- LIM78275 has very high CMRR, which enables it to sense
fier with gain. Here the DC voltage source represent a com- ery smail signals in the presence of larger common mode
mon mode voltage with the +IN input at the supply voltage sigi he system in Figure 7 couples these two character-
and the —IN input very close to the supply voltage. The istics of _‘\/IP8275 inan autompt_lve application. The s_lgnal
LMP8275 can be used with a common mode voltage, Vp in through Rg; is detected and amplified by the LMP8275 in the
this case, of up to 16V. resence of a common mode signal of up to 16V with the

The LMP8275 can be used for high side current sensing. T taccuracy.

large common mode voltage range of this device allows it ic

Vs =475V to 5.5V

L MP8275 T
[ |

Lo

——

+

=0 It PRIETARY
L) I VEL-SHIFT

- CIRCUITRY

-0

GND

LOAD 1

20148725

FIGURE 7. High Side Current Sensing
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LMP8275

LOW SIDE CURRENT SENSING measurement circuits to be at a positive voltage with respect
Low side current measurements can cause a problem for op- to the common side of the sense resistor. This will result in
erational amplifiers by exceeding the negative common mode one or both of the inputs being negative with respect to the
voltage limit of the device. In Figure 8, the load current is re- measurement circuit’s ground. The LMP8275 has a wide in-
turning to the power source through a common connection put common mode voltage range of -2V to 16V and will
that has a parasitic resistance. The voltage drop across the function in this condition.

parasitic resistances can cause the ground connection of the

Vs =4.75t0 5.5V
LMP8275 T

[ ]

]

]

[ ]

Vool :
pe\ - Vbc * Rgq +IN §
[ ]

[ ]

[ ]

[ ]

LOAD 1

PROPRIETARY
LEVEL-SHIFT
CIRCUITRY

Al
GAIN =10

ouT

20148726

FIGURE ow Side Current Sensing
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Physical Dimensions inches (millimeters) unless otherwise noted
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LMP8275 High Common Mode, Gain of 20, Precision Voltage Difference Amplifier

Notes

For more National Semiconductor product information and proven design tools, visit the following Web sites at:
www.national.com

Products Design Support
Amplifiers www.national.com/amplifiers WEBENCH® Tools www.national.com/webench
Audio www.national.com/audio App Notes www.national.com/appnotes
Clock and Timing www.national.com/timing Reference Designs www.national.com/refdesigns
Data Converters www.national.com/adc Samples www.national.com/samples
Interface www.national.com/interface Eval Boards www.national.com/evalboards
LVDS www.national.com/lvds Packaging www.national.com/packaging
Power Management www.national.com/power Green Compliance www.national.com/quality/green
Switching Regulators [ www.national.com/switchers Distributors www.national.com/contacts
LDOs www.national.com/Ido Quality and Reliability www.national.com/quality
LED Lighting www.national.com/led Feedback/Support www.national.com/feedback
Voltage References www.national.com/vref Design Made Easy www.national.com/easy
PowerWise® Solutions www.national.com/powerwise |Applications & Markets www.national.com/solutions
Serial Digital Interface (SDI) | www.national.com/sdi Mil/Aero www.national.com/milaero
Temperature Sensors www.national.com/tempsensors [ SolarMagic™ www.national.com/solarmagic
PLL/VCO www.national.com/wireless PowerWise® Design www.national.com/training
University

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.
EXCEPT AS PROVIDED IN NATIONAL’S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY
RIGHT.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF THE CHIEF EXECUTIVE OFFICER AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All other
brand or product names may be trademarks or registered trademarks of their respective holders.

Copyright© 2011 National Semiconductor Corporation
For the most current product information visit us at www.national.com

National Semiconductor National Semiconductor Europe National Semiconductor Asia National Semiconductor Japan
Americas Technical Technical Support Center Pacific Technical Support Center Technical Support Center
Support Center Email: europe.support@nsc.com Email: ap.support@nsc.com Email: jpn.feedback@nsc.com

X Email: support@nsc.com
ww.national.com T¢|: 1.800-272-9959

201487 Version 7 Revision 2  Print Date/Time: 2011/10/11 15:19:43




	LMP8275
	General Description
	Features
	Applications
	Typical Application
	Absolute Maximum Ratings
	Operating Ratings
	5V Electrical Characteristics
	Connection Diagram
	Ordering Information
	Typical Performance Characteristics
	Application Note
	LMP8275
	FIGURE 1. LMP8275

	POWER SUPPLY DECOUPLING
	SECOND ORDER LOW PASS FILTER
	FIGURE 2. Second Order Low-Pass Filter
	FIGURE 3. Low-Pass Filter With LMP8275

	GAINS OTHER THAN 20
	GAINS LESS THAN 20
	FIGURE 4. Gains Less Than 20

	GAINS GREATER THAN 20
	FIGURE 5. Gains Greater Than 20

	CURRENT LOOP RECEIVER
	FIGURE 6. Current Loop Receiver

	HIGH SIDE CURRENT SENSING
	FIGURE 7. High Side Current Sensing

	LOW SIDE CURRENT SENSING
	FIGURE 8. Low Side Current Sensing


	Physical Dimensions


