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LMP8100 Programmable Gain Amplifier

Check for Samples: LMP8100

FEATURES
e Typical Values, T, = 25°C
e Gain Error (Over Temperature Range)
— LMP8100A 0.03%
— LMP8100 0.075%
e Gain Range 1to 16 V/V in 1 V/V Steps
e Programmable Frequency Compensation
e Input Zero Calibration Switch
e Input Offset Voltage (Max, LMP8100A) 250 pVv
e Input Bias Current 0.1 pA
« Input Noise Voltage 12 nV/VHz
e Unity Gain Bandwidth 33 MHz
e Slew Rate 12 V/us
e Output Current 20 mA
e Supply Voltage Range 2.7V to 5.5V
e Supply Current 5.3 mA

+ Rail-to-Rail Output Swing V* =50 mV to V™~ +50
mV

APPLICATIONS

* Industrial Instrumentation
» Data Acquisition Systems
» Test Equipment

» Scaling Amplifier

» Gain Control

» Sensor Interface

DESCRIPTION

The LMP8100 programmable gain amplifier features
an adjustable gain from 1 to 16 V/V in 1 V/V
increments. At the core of the LMP8100 is a
precision, 33 MHz, CMOS input, rail-to-rail
input/output operational amplifier with a typical open-
loop gain of 110 dB. Amplifier closed-loop gain is set
by an array of precision thin-film resistors. Amplifier
control modes are programmed via a serial port that
allows devices to be cascaded so that an array of
LMP8100 amplifiers can be programmed by a single
serial data stream. The control mode registers are
double buffered to insure glitch-free transitions
between programmed settings. The LMP8100 is part
of the LMP™ precision amplifier family and is ideal
for a variety of applications.

The amplifier features several programmable controls
including: gain; a power-conserving shutdown mode
which can reduce current consumption to only 20 YA,
an input zeroing switch which allows the output offset
voltage to be measured to facilitate system
calibration; and four levels of internal frequency
compensation which can be set to maximize
bandwidth at the different gain settings.

The LMP8100 comes in a 14-Pin SOIC package.

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.

LMP is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Simplified Block Diagram
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings®®

ESD Tolerance® Human Body Model 2 kv
Machine Model 200V
V|n Differential 2.5V
Output Short Circuit Duration®
Supply Voltage (Vs = V" = V") 6V
Voltage at Input and Output Pins V* +0.3V, V- -0.3V
Input Current +10 mA
Storage Temperature Range -65°C to +150°C
Junction Temperature ®) +150°C
Soldering Information Lead Temperature, Infrared or Convection Reflow (20 sec) 235°C
Lead Temperature, Wave Solder (10 sec) 260°C

(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 for which specific performance is not ensured. For ensured specifications and the test
conditions, see Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and
specifications.

(3) Human Body Model, applicable std. MIL-STD-883, Method 3015.7. Machine Model, applicable std. JESD22-A115-A (ESD MM std. of
JEDEC). Field-Induced Charge-Device Model, applicable std. JESD22-C101-C (ESD FICDM std. of JEDEC).

(4) The short circuit test is a momentary test which applies to both single-supply and split-supply operation. Continuous short circuit
operation at elevated ambient temperature can exceed the maximum allowable junction temperature of 150°C.

(5) The maximum power dissipation is a function of Tjpax), 8;a. The maximum allowable power dissipation at any ambient temperature is
Po = (Tymax) — Ta) 63a- All numbers apply for packages soldered directly onto a PC Board.

Operating Ratings®

Supply Voltage (Vs = V" = V") 2.7V to 5.5V
Junction Temperature Range ® LMP8100A -40°C to +125°C

LMP8100 -40°C to +85°C
Package Thermal Resistance (654 @) 14-Pin SOIC 145°C/W

(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 for which specific performance is not ensured. For ensured specifications and the test
conditions, see Electrical Characteristics.

(2) The maximum power dissipation is a function of Tjpax), 8;a. The maximum allowable power dissipation at any ambient temperature is
Po = (Tymax) — Ta) 63a- All numbers apply for packages soldered directly onto a PC Board.

5V Electrical Characteristics

Unless otherwise specified, all limits are ensured for T, = 25°C. V* =5V, V- =0V, DGND = 0V, +IN = GRT = V*/2, R, = 10
kQ to V*/2; Gain = 1 V/V. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ® Max @ Units
Gain Error LMP8100A 0V < +IN (DC) < 3.5V, 0.015 0.03
1VIV <Gain<16 VIV, 0.5V < Vgur 0.03
, <45V %
Gain Error LMP8100 0.015 0.075
0.075
LMP8100 Gain Error (Gain = 1 V/V) +IN > 3.5V, 0.1 %
Extended +IN Range 0.3V < Vpur <4.7V 0.2 0
TCGE Gain Drift LMP8100A Gain = 16 0.5 2.2
- ppm/°C
LMP8100 Gain = 16 0.8 4.8

(1) Alllimits are specified by testing or statistical analysis.

(2) Typical Values indicate the most likely parametric norm as determined at the time of characterization. Actual typical values may vary
over time and will also depend on the application and configuration. The typical values are not tested and are not specified on shipped
production material.
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5V Electrical Characteristics (continued)

Unless otherwise specified, all limits are ensured for T, = 25°C. V* =5V, V- =0V, DGND = 0V, +IN = GRT = V*/2, R, = 10
kQ to V*/2; Gain = 1 V/V. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ®@ Max @D Units
Vos Input Offset Voltage | LMP8100A +50 +250
+450
1\
LMP8100 +50 +400
+600
TCVos Input Offset Temp Coefficient See® 15 5 uv/°C
Ig Input Bias Current 0.1 5 A
100 P
en Input-Referred Noise Voltage f=10 kHz, 1 V/V < Gain < 16 VIV 12 nViHz
f=0.1 Hz to 10 Hz, 1 V/V < Gain < 3.8 HVpp
16 VIV
BW Bandwidth C1=C0=0,Gain=1VINV 33
C1=C0=0, Gain=2 VIV 15.5 MHz
Cl1=C0=1, Gain=16 VIV 9.5
SR Slew Rate See® 12 Vigs
PSRR Power Supply Rejection Ratio 2.7V <V* <55V 90 100 dB
85
Vo Output Swing +IN =5V 49 4.95 v
High 4.85
Output Swing +IN = 0V 50 100 mv
Low 150
lo Output Current Sourcing and Sinking 15 20 mA
VN Input Voltage Range -0.2 5.2 v
0 5.0
Is Supply Current 5.3 6.0 mA
7.2
(1595} Supply Current, Power Down 3.5 20
40 KA
Feedback Resistance 5.6 kQ
Rin Input Impedance f=10Hz >10 GQ

(3) The offset voltage average drift is determined by dividing the value of Vg at the temperature extremes by the total temperature change.
(4) Slew rate is the average of the rising and falling slew rates.

3.3V Electrical Characteristics

Unless otherwise specified, all limits are ensured for T, = 25°C. V* = 3.3V, V- =0V, DGND = 0V, +IN = GRT = V*/2, R, =10
kQ to V*/2; Gain = 1 V/V. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ®@ Max @) Units
Gain Error LMP8100A 0V < +IN < 1.8V, 0.015 0.03
1 VIV < Gain £ 16 V/V, 0.3V < Vour 0.03
; <3.0v %
Gain Error LMP8100 0.015 0.075
0.075
LMP8100 Gain Error (Gain = 1 V/V) +IN > 1.8V, 0.1 o
Extended +IN Range 0.3V < Vpur < 3.0V 0.2 °
TCGE Gain Drift LMP8100A Gain = 16 0.5 2.2
- ppm/°C
LMP8100 Gain = 16 0.8 4.8
Vos Input Offset Voltage LMP8100A +50 +250
+450
1\
LMP8100 +50 +400
+600

(1) Alllimits are specified by testing or statistical analysis.
(2) Typical Values indicate the most likely parametric norm as determined at the time of characterization. Actual typical values may vary
over time and will also depend on the application and configuration. The typical values are not tested and are not specified on shipped

production material.
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3.3V Electrical Characteristics (continued)

Unless otherwise specified, all limits are ensured for T, = 25°C. V* = 3.3V, V- =0V, DGND = 0V, +IN = GRT =V*/2, R, =10
kQ to V*/2; Gain = 1 V/V. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ® Max @D Units
TCVos Input Offset Temp Coefficient See® 15 5 uv/°C
Ig Input Bias Current 0.1 5 A

100 P
en Input-referred Noise Voltage f=10 kHz, 1 V/V < Gain < 16 VIV 12 nViHz
f=0.1 Hz to 10 Hz, 1 V/V < Gain < 3.8 HVpp
16 VIV
BW Bandwidth C1=C0=0,Gain=1VIV 33
C1=C0=0, Gain=2 VIV 15.5 MHz
Cl1=C0=1, Gain=16 VIV 9.5
SR Slew Rate See® 12 Vigs
PSRR Power Supply Rejection Ratio 2.7V <V*<3.6V 90 100 dB
80
Vo Output Swing +IN = 3.3V 3.2 3.25 v
High 3.15
Output Swing +IN = 0V 50 100 mv
Low 150
lo Output Current Sourcing and Sinking 15 20 mA
VN Input Voltage Range -0.2 3.5 v
0 3.3
Is Supply Current 5.1 5.8 mA
7.0
(1595} Supply Current, Power Down 1.8 20
HA
40
Feedback Resistance 5.6 kQ
Rin Input Impedance >10 GQ

(3) The offset voltage average drift is determined by dividing the value of Vg at the temperature extremes by the total temperature change.
(4) Slew rate is the average of the rising and falling slew rates.

Electrical Characteristics (Serial Interface)
Unless otherwise specified, all limits ensured for T, = 25°C, V* - V™ 2 2.7V, Vp = V' - DGND = 2.5V.

Symbol Parameter Conditions Min @ Typ®@ Max @) Units
Vi Logic Low Threshold 0.3 x Vp \%
Viy Logic High Threshold 0.7 x Vp \%
Ispo Output Source Current, SDO Vp=3.3Vor5.0V, -7

CS=0V, Voy =V'-0.7vV
Output Sink Current, SDO Vp =3.3Vor5.0V, 10 mA
CS =0V, Vo = 1.0V
loz Output Tri-state Leakage Current, Vp =3.3Vor 5.0V, +1 HA
SDO CS=Vp=33Vor5Vv
ty High Period, SCK See® 100 ns
t Low Period, SCK See® 100 ns
tg Set Up Time, CS to SCK See® 50 ns
t Set Up Time, SDI to SCK See® 30 ns
ts Hold Time, SCK to SDI See® 10 ns
tg Prop. Delay, SCK to SDO See® 60 ns
(1) Alllimits are specified by testing or statistical analysis.

@

Typical Values indicate the most likely parametric norm as determined at the time of characterization. Actual typical values may vary

over time and will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped
production material.
(3) Load for these tests is shown in the Timing Diagram Test Circuit.
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Electrical Characteristics (Serial Interface) (continued)
Unless otherwise specified, all limits ensured for T, = 25°C, V* - V™ 2 2.7V, Vp = V' - DGND 2 2.5V.

Symbol Parameter Conditions Min® Typ®@ Max @) Units

ty Hold Time, SCK Transition to CS See® 50 ns
Rising Edge

tg CS Inactive See® 50 ns

tg Prop. Delay, CS to SDO Active See® 50 ns

tio Prop. Delay, CS to SDO Inactive See® 50 ns

ti1 Hold Time, SCK Transition to CS See® 10 ns
Falling Edge

trite Signal Rise and Fall Times See® 15 5 ns

Connection Diagram

e e
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Figure 1. 14-Pin SOIC (Top View)

Timing Diagram Test Circuit
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Timing Diagram
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2VIV < Ay < 16VIV V-V :+5V V-V :3.3\+/)
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—35V<V <0V (-1.8V<V <0V)
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GAIN ERROR (%) = x 100 SMALL SIGNAL VouT(®-p) = VINP-P)
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Typical Performance Characteristics

Offset Voltage Distribution

25 ,
T=25C
__ v =425V
& 20 V' =-2.5V 1
N |
O
Z
Y 15
o
Ll —
D: —
L
w10
=
[
<
d pd -
Hos5
o L= [ |
-200 -100 0 100 200
Vos (uV)
Figure 2.
TCVps Distribution
15 T T
1 |-40Tto +125T
v =+25v
g M |V =-2.5V
> =
2 10
g |
2
o
Q u
@
(TR
W _
Z 5
< n
-
L
@
0
2 41 0 1 2 3 4 5
TCVos (nV/IC)
Figure 4.
Vos Vs. Vin
200
125C
100
85T
Z ol 25C nNer”
8 L LI
> .
- -40C L.
-100
v =425V
V' =-2.5V
-200 L———
25-2-15-1-050 05 1 15 2 25
ViN (V)
Figure 6.

RELATIVE FREQUENCY (%) RELATIVE FREQUENCY (%)

Vos (uV)

Offset Voltage Distribution

25 .
T=25C
| v’ = +1.65v
20 V' =-1.65V —
15
10
5 |
o [
-200 -100 0 100 200
Vos (1V)
Figure 3.
TCVqps Distribution
15 — T T
-40C to +125T
L] [ v =+1.65v
| V' =-1.65V
10 i
5 |
0

TCVos (LV/T)

Figure 5.
VosVS.V|N
200
. 125
100 i/
o 85C
| Lt ==
0 25C it et
LI
== -40T T
-100
v = +1.65v
T=-1.65V
-200 .
-165 -099 -033 066 099 1.65
ViN (V)
Figure 7.

Submit Documentation Feedback

Copyright © 2007-2013, Texas Instruments Incorporated

Product Folder Links: LMP8100


http://www.ti.com/product/lmp8100?qgpn=lmp8100
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSAO1C&partnum=LMP8100
http://www.ti.com/product/lmp8100?qgpn=lmp8100

13 TEXAS
INSTRUMENTS

www.ti.com

LMP8100

SNOSAO1C —JULY 2007—-REVISED MARCH 2013

Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued)
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Typical Performance Characteristics (continued)
PSRR vs. Frequency PSRR vs. Frequency
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Figure 24. Figure 25.
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Typical Performance Characteristics (continued)

Small Signal Step Response Small Signal Step Response
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Figure 26. Figure 27.
Small Signal Step Response Small Signal Step Response
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Figure 28. Figure 29.
Small Signal Step Response Small Signal Step Response
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Figure 30. Figure 31.
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Typical Performance Characteristics (continued)

Small Signal Step Response Small Signal Step Response
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Figure 32. Figure 33.
Large Signal Step Response Large Signal Step Response
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Figure 34. Figure 35.
Large Signal Step Response Large Signal Step Response
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Figure 36. Figure 37.
Copyright © 2007-2013, Texas Instruments Incorporated Submit Documentation Feedback 13

Product Folder Links: LMP8100


http://www.ti.com/product/lmp8100?qgpn=lmp8100
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSAO1C&partnum=LMP8100
http://www.ti.com/product/lmp8100?qgpn=lmp8100

LMP8100

SNOSAO1C —JULY 2007—-REVISED MARCH 2013

13 TEXAS
INSTRUMENTS

www.ti.com

THD+N (%)

Typical Performance Characteristics (continued)

Large Signal Step Response
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Figure 38.
Large Signal Step Response
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Figure 40.
THD+N vs. Frequency
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Large Signal Step Response
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Figure 41.
THD+N vs. Frequency
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Typical Performance Characteristics (continued)
THD+N vs. VOUT

THD+N vs. VouTt

-20 -20
-4 -4
0 0 A=16
~ N, fy N
& TN = N TN A=11
ke -60 ™ el -60 ™
= = A=6
z z N Q
A & N Ny
I -80 I L -8 3
= =
v =425V v’ = +165v | N R
V =-25v Vi=-165V | | A 2% N
-100 ff = 1 kHz I 100 f=1kHz [T
RL = 10 kQ RL = 10 kQ A=1
BW = 22 kHz BW = 22 kHz | ||
-120 -120
0.001 0.01 10 0.001 0.01 0.1 1 10
Vour (V) Vour (V)
Figure 44. Figure 45.
Bandwidth vs. Capacitive Load Bandwidth vs. Capacitive Load
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Figure 46. Figure 47.
Peaking vs. Capacitive Load Peaking vs. Capacitive Load
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Figure 48. Figure 49.
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Typical Performance Characteristics (continued)

Peaking vs. Capacitive Load Gain vs. Frequency
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Figure 50. Figure 51.
Gain vs. Frequency Gain vs. Frequency
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Figure 52. Figure 53.
Gain vs. Frequency AC Gain Error vs. Frequency
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Figure 54. Figure 55.
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NORMALIZED GAIN

NORMALIZED GAIN

INPUT REFERRED VOLTAGE NOISE (nV/v Hz)

Typical Performance Characteristics (continued)
AC Gain Error vs. Frequency

AC Gain Error vs. Frequency
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Figure 56. Figure 57.
AC Gain Error vs. Frequency AC Gain Error vs. Frequency
1.002 —rrrrmmr—rrrrmm 1.002 n
v'=+25v V =25V |||m“ ||||
V =-25V COMP =01 V =-2.5V COMP = 10
1.001 [A=11 ! | T S |
RL =10 kQ COMP = 10| E RL =10kQ COMP = 11t |
Vourt =4 Vpp | 2 VouT =4 Vpp
Lt a L,H /
1+ mE o v 2 1+ e p— ;
COMP = 00— E COMP = 0111
2 |
0.999 |—HHi—HHit—+ HH < 0.999 AT
COMP = 00117
0.99g LU LITI0 11 0.99g L LU 111} --Jm m“
1 10 100 1k 10k 100k 1M 1 10 100 1k 10k 100k 1M
FREQUENCY (Hz) FREQUENCY (Hz)
Figure 58. Figure 59.
Noise vs. Frequency 0.1 Hz to 10 Hz Noise
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Figure 60. Figure 61.
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Typical Performance Characteristics (continued)

Closed Loop Output Impedance vs. Frequency

Input Impedance
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Figure 62. Figure 63.
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Figure 64. Figure 65.
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APPLICATIONS INFORMATION

LIFETIME DRIFT

Offset voltage (Vps) and gain are electrical parameters which may drift over time. This drift, known as lifetime
drift, is very common in operational amplifiers; however, its effect is more evident in precision amplifiers. This is
due to the very low offset voltage specification and very precise gain specification of the LMP8100. The
LMP8100 has an option to zero out the offset voltage. When the zero bit of the register is set high, +IN is
connected to GRT. Output offset voltage can be measured and adjusted out of the signal path. See the “ Input
Zeroing” section, for more information. Numerous reliability tests have been performed to characterize this drift
for the LMP8100. Prior to each long term reliability test the input offset voltage and gain at 2X and 16X of each
LMP8100 was measured at room temperature.

The long term reliability tests include Operating Life Time (OPL) performed at 150°C for an extended period of
time and Temperature Humidity Bias Testing (THBT) at 85°C and 85% humidity for an extended period of time.
The offset voltage and gain of 2X and 16X were measured again at room temperature after each reliability test.

The offset voltage drift is the difference between the initial measurement and the later measurement, after the
reliability test.

The gain drift is the percentage difference between the initial measurement and the later measurement, after the
reliability test. Figure 66 — Figure 69 show the offset voltage drift and gain drift after 2000 hours of OPL.

Figure 70 — Figure 73 show the offset voltage drift and gain drift after 1000 hours of THBT.
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Figure 67. OPL Vgg Drift
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Figure 68. OPL Gain Drift, A =2
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POWER-ON RESET
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Figure 71. THBT Vg Drift
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Figure 72. THBT Gain Drift, A =2
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Figure 73. THBT Gain Drift, A =16

The LMP8100 has a power-up reset feature that sets all the register bits to O when the part is powered up. To
implement this feature the CS and SCK pins must be held at or above V,y when the LMP8100 is powered-up.

Failure to power up in this method can lead to an unpredictable state of the register bits after power-up.
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CONTROL REGISTER

The control register retains the information which controls the amplifier gain, bandwidth compensation, input
zeroing, and power down. The register is loaded by way of the serial control interface. The register is double
buffered so that changes can be made with minimum effect on amplifier performance. Table 1 shows the
organization of the control register. Table 2 gives the codes for gain setting, input zeroing and power down
control. Table 3 shows the codes for the four gain-bandwidth compensation levels.

Table 1. Control Register Format®

C1

Cco

Zero

PD

G3

G2

Gl GO

MSB

LSB

(1) CO, C1: Compensation setting
Zero: Zero Input
PD: Power Down

GO to G3: Gain setting

Table 2. Input Zero, Power-Down and Gain Setting Codes

Zero PD G3 G2 G1 GO Non-Inverting Gain
0 0 0 0 0 1
0 0 0 0 1 2
0 0 0 1 0 3
0 0 0 1 1 4
0 0 1 0 0 5
0 0 1 0 1 6
0 0 1 1 0 7
0 0 1 1 1 8
0 1 0 0 0 9
0 1 0 0 1 10
0 1 0 1 0 11
0 1 0 1 1 12
0 1 1 0 0 13
0 1 1 0 1 14
0 1 1 1 0 15
0 1 1 1 1 16
X 1 X X X X Power Down
1 0 X X X X Zero Input
Table 3. Amplifier Gain Compensation Codes
C1 Cco Compensation Level Condition
0 0 0 Maximum Compensation
0 1 1
1 0 2
1 1 3 Minimum Compensation

AMPLIFIER GAIN SETTING AND BANDWIDTH COMPENSATION CONTROL

The gain of the LMP8100 is set to one of 16 levels under program control by setting the appropriate bits G[3:0] of
the control register with a number from 00h to 15h. This sets the gain to a level from 1 V/V to 16 V/V

respectively.
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The gain-bandwidth compensation is also selectable to one of four levels under program control. The amount of
compensation can be decreased to maximize the available bandwidth as the gain of the amplifier is increased.
The compensation level is selected by setting bits C[1:0] of the control register with a number from 00b to 11b
with 00b being maximum compensation and 11b being minimum compensation. Table 4 shows the bandwidths
achieved at several gain and compensation settings. It will be noted that for gains between X1 and X5, the
recommended compensation setting is 00b. For gain settings between X6 and X10, compensation settings may
be 00b and 01b. Gain settings between X11 and X15 may use the three bandwidth compensation settings
between 00b and 10b. At a gain of X16, all bandwidth compensation ranges may be used. Note that, for lower
gains, it is possible to under-compensate the amplifier into instability.

Table 4. Amplifier Gain and Compensation vs. Bandwidth

Gain Compensation Bits 3 dB Bandwidth (MHz)

VIV dB C1 Cco
0 0 0 33.0
6.02 0 0 155
15.6 0 0 4.2
6 15.6 0 1 8.3
11 20.8 0 0 2.0
11 20.8 0 1 3.9
11 20.8 1 0 6.6
16 24.1 0 0 13
16 24.1 0 1 2.3
16 24.1 1 0 3.8
16 24.1 1 1 9.5

NON-INVERTING AMPLIFIER OPERATION

The principal application of the LMP8100 is as a non-inverting amplifier as shown in the simplified schematic,
Figure 74. The amplifier supply voltage (V* to V") is specified as 5.5V maximum. The V™ supply pin is connected
to the system ground for single supply operation. V™ can be returned to a negative voltage when required by the
application. The digital supply voltage for the serial interface is applied between the V* supply pin and DGND.

+2.5V

VIN 12
SENSOR SYSTEM

13

— Vout = Av X VN
10,11 - +
V<Ay xV|N<V

5 6
DATA ——— TO OTHER AMPLIFIERS
CLOCK 3
MICROCONTROLLER SCK

CHIP SELECT 4 |___

Figure 74. Basic Non-Inverting Amplifier
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GRT PINS

The GRT pins must have a low impedance connection to either ground or a reference voltage. Any parasitical
impedance on these pins will affect the gain accuracy of the LMP8100. Figure 75 shows a simplified schematic
of the LMP8100 showing the internal gain resistors and an external parasitical resistance RP. The gain of the
LMP8100 is determined by R and Rg, the values of which are set by the internal register. The gain of the
amplifier is given by the equation

Re
GAIN=1+—
Re (1)
Any resistance between the GRT pins and either ground or a reference voltage will change the gain to
GAIN=1 -
=1+——-
Rg + Rp

@

Vout

Figure 75. LMP8100 with External Parasitical Resistance

The connection between the GRT pins and ground or a reference voltage should be as short as possible using
wide traces to minimize the parasitical resistance. Figure 76 shows two suggested methods of connecting the
GRT pins to a ground plane on the same layer or to a ground plane on a different layer of the PCB.

S

Ground Plane Vias to Ground Plane
on Same Layer on Different Layer

Figure 76. GRT Connection Methods

The GRT pin can be connected to a reference voltage source to provide an offset adjustment to the gain
function. Any DC resistance that may be present between the voltage source and the GRT pin must be kept to
an absolute minimum to avoid introducing gain errors into the circuit.

INPUT ZEROING

Measurements made with the LMP8100 in the signal path may be adjusted for the output offset voltage of the
amplifier. For example: The measurement of Vgyr for offset correction might be made using an ADC under
microprocessor control. Output offset is measured under program control by setting the ZERO bit in the
programming register. In this mode, +IN is disconnected from the input pin and internally connected to the GRT
input. Figure 77 shows the LMP8100 in the input zeroing mode.
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1011 JGRT
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Sbl SDO Q—F> TO OTHER AMPLIFIERS

SERIAL CONTROL

MICROCONTROLLER SCK INTERFACE

DGND

i o

Figure 77. Non-Inverting Input Zeroing Function

SERIAL CONTROL INTERFACE OPERATION

The LMP8100 gain, bandwidth compensation, power down, and input zeroing are controlled by data stored in a
programming register. Data to be written into the control register is first loaded into the LMP8100 via the serial
interface. The serial interface employs an 8-bit shift register. Data is loaded through the serial data input, SDI.
Data passing through the shift register is output through the serial data output, SDO. The serial clock, SCK
controls the serial loading process. All eight data bits are required to correctly program the amplifier. The falling
edge of CS enables the shift register to receive data. The SCK signal must be high during the falling and rising
edge of CS. Each data bit is clocked into the shift register on the rising edge of SCK. Data is transferred from the
shift register to the holding register on the rising edge of CS. Operation is shown in the timing diagram,Figure 78.
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DATA SHIFTED FROM DEVICE 1 TO DEVICE 2

Figure 78. Serial Control Interface Timing

The serial control pins can be connected in one of two ways when two or more LMP8100s are used in an
application.

Star Configuration

This configuration can be used if each LMP8100 will always have the same value in each register. The
connections are shown in Figure 79. After the microcontroller writes a byte all registers will have the same value.

12

10,11
LMP8100 LMP8100 LMP8100
5lsoi spole- Slsoi spofe- Slsoi spobe-
3]sck 3]sck 3{sck
2cs 2les cs
V' DGND V' DGND V' DGND

SsDI
ScK
cs

Figure 79. Star Configuration

Daisy Chain Configuration

This configuration can be used to program the same or different values in the register of each LMP8100. The
connections are shown in Figure 80. In this configuration the SDO pin of each LMP8100 is connected to the SDI
pin of the following LMP8100. The following two examples show how the registers are written.

If all three LMP8100s need a gain of 11 with a compensation level of 10. (10001010)
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Register of Register of Register of Notes
LMP8100 #1 LMP8100 #2 LMP8100 #3
Power on 00000000 00000000 00000000 Default power on state (see above)
Byte one sent 10001010 00000000 00000000 The data in the register of LMP8100 #1 is shifted
into the register of LMP8100 #2, the data in the
Byte two sent 10001010 10001010 00000000 register of LMP8100 #2 is shifted into the
Byte three sent 10001010 10001010 10001010 register of LMP8100 #3.

If LMP8100 #1 needs a gain of 11 with a compensation level of 10 (10001010), LMP8100 #2 needs a gain of 6
with a compensation of 00 (00000101), and LMP8100 #3 needs a gain of 2 with a compensation of 00

(00000001).

Register of Register of Register of Notes

LMP8100 #1 LMP8100 #2 LMP8100 #3
Power on 00000000 00000000 00000000 Default power on state (see above)
Byte one sent 00000001 00000000 00000000 The data in the register of LMP8100 #1 is

shifted into the register of LMP8100 #2, the data

Byte two sent 00000101 00000001 00000000 in the register of LMP8100 #2 is shifted into the
Byte three sent 10001010 00000101 00000001 register of LMP8100 #3.

12 12
10,11 10,11
LMP8100 LMP8100 LMP8100
5lsoi spofe 51soi spofe 5lsoi spole-
3)sck 3lsck 31sck
Hes 1 s 2 Hes 3
V' DGND V' DGND V' DGND

SDI —
SCK

7|ﬂ_

cs

Figure 80. Daisy Chain Configuration

POWER SUPPLY PURITY AND BYPASSING

Particular attention to power supply purity is needed in order to preserve the LMP8100's gain accuracy and low
noise. The LMP8100 worst-case PSRR is 85 dB or 56.2 pV/V. Nevertheless, the usable dynamic range, gain
accuracy and inherent low noise of the amplifier can be compromised through the introduction and amplification
of power supply noise.

To decouple the LMP8100 from supply line AC noise, a 0.1 uF capacitor should be located on each supply line,
close to the LMP8100. Adding a 10 pF capacitor in parallel with the 0.1 puF capacitor will reduce the noise
introduced to the LMP8100 even more by providing an AC path to ground for most frequency ranges.

A power supply dropout (V¥ -V~ < 2.7V) can cause an unintended reset of the register. If a dropout occurs, the
register will need to be reprogrammed with the correct values.

Copyright © 2007-2013, Texas Instruments Incorporated Submit Documentation Feedback 27

Product Folder Links: LMP8100


http://www.ti.com/product/lmp8100?qgpn=lmp8100
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSAO1C&partnum=LMP8100
http://www.ti.com/product/lmp8100?qgpn=lmp8100

13 Ti
LMP8100 INSTRUMENTS

SNOSAO1C —JULY 2007—-REVISED MARCH 2013 www.ti.com

SCALING AMPLIFIER

The LMP8100 is ideally suited for use as an amplifier between a sensor that has a wide output range and an
ADC. As the signal from the sensor changes the gain of the LMP8100 can be changed so that the entire input
range of the ADC is being used at all times. Figure 81 shows a data acquisition system using the LMP8100 and
the ADC121S101. The 100Q resistor and 390 pF capacitor form an antialiasing filter for the ADC121S101. The
capacitor also stores and delivers charge to the switched capacitor input of the ADC. The capacitive load on the
LMP8100 created by the 390pF capacitor is decreased by the 100Q resistor.

+5V +5V

Va

6
Viy ADC1215101 i_,
GND —>

—1spl spol— =
=3sck
cs
V' DGND
7
0—'
-

Figure 81. Data Acquisition System Using the LMP8100

BRIDGE AMPLIFIER

In Figure 82 two LMP8100s are used with a LMP7711 to build an amplifier for the signal from a GMR Magnetic
Field Sensor. The advantage of using the LMP8100 is that as the signal strength from the Magnetic Field Sensor
decreases, the gain of the LMP8100 can be increased. An example is if the signal from this composite amplifier
is used to drive an ADC. When the maximum magnetic field to be measured is applied, the gain of the LMP7711
can be set to supply a full range signal to the ADC input with the gain of the LMP8100 set to one. As the
magnetic field decreases, the gain of the LMP8100 can be increased, so that the signal supplied to the ADC
uses a maximum amount of the ADC input range.

The following can be done to maximize performance:

» Connect the GRT pins directly together and to GND with a low impedance trace.

* Make the traces between the Magnetic Field Sensor and the LMP8100s short to minimize noise pickup.
» Place 0.1 pyF capacitors close to each of the LMP8100 supply pins.

The following can be done to simplify the design:

« Connect the SCL, SCK, and CS lines in parallel and one microcontroller can be used to drive both
LMP8100s.

* The SDO pin can be left floating.
The LM317 and LM6171 are used for the supply of the Magnetic Sensor. The 100Q potentiometer is used to

adjust the supply voltage to the Magnetic Field Sensor. The 2 kQ potentiometer is used to fine tune the negative
supply to set the Magnetic Field Sensor output to zero.
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Figure 82. Bridge Amplifier
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