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LMP8358 Zero-Drift, Programmable Instrumentation Amplifier with Diagnostics

Check for Samples: LMP8358

FEATURES » Operating Temperature Range —40°C to 125°C
Typical Values Unless Otherwise Noted, Tp = * Input Fault Detection
25°C « SPI or Pin Configurable Modes

e Supply Voltage 2.7V to 5.5V « EMIRR at 1.8GHz 92 dB

e Supply Current 1.8 mA e 14-Pin SOIC and 14-Pin TSSOP Package

* Max Gain Error 0.15%

e Max Gain Drift 16 ppm/°C APPLICATIONS

e Min CMRR 110 dB » Bridge Sensor Amplifier

« Max Offset Voltage 10 pV « Thermopile Amplifier

« Max Offset Voltage Drift 50 nV/°C + Portable Instrumentation

« GBW (Gain = 10) 8 MHz * Medical Instrumentation

« Max Non-Linearity 100 ppm » Precision Low-side Current Sensing

DESCRIPTION

The LMP8358 is a precision programmable-gain instrumentation amplifier in National's LMP™ precision amplifier
family. Its gain can be programmed to 10, 20, 50, 100, 200, 500, or 1000 through an SPI-compatible serial
interface or through a parallel interface. Alternatively, its gain can be set to an arbitrary value using two external
resistors. The LMP8358 uses patented techniques to measure and continuously correct its input offset voltage,
eliminating offset drift over time and temperature and the effect of 1/f noise. Its ground-sensing CMOS input
features a high CMRR and low input bias currents. It is capable of sensing differential input voltages in a
common-mode range that extends from 100mV below the negative supply to 1.4V below the positive supply,
making it an ideal solution for interfacing with ground-referenced sensors, supply-referenced sensor bridges, and
any other application requiring precision and long-term stability. Additionally, the LMP8358 includes fault
detection circuitry to detect open and shorted inputs and deteriorating connections to the signal source. Other
features that make the LMP8358 a versatile solution for many applications are its rail-to-rail output, low input
voltage noise and high gain-bandwidth product.

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. righ 2010, Texas Instruments Incorpor:
Products conform to specifications per the terms of the Texas Copyright © 2010, Texas Instruments Incorporated

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Typical Application

+5V
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EMI
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VBRIDGE -E_
- LMP8358
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To Next SPI Device
MICRO SCK/G2
L CONTROLLER 12
- CSB/SHDN
11 9

1

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
“: '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings W@

ESD Tolerance @ Human Body Model 2kv
Machine Model 200V
Charge Device 1kv
V) Differential (Vyn = V-in) Vs
Output Short Circuit Duration )
Any pin relative to V- 6V, -0.3V
+IN, =IN, OUT Pins V* +0.3V, V7 -0.3V
+IN, =IN Pins +10 mA
Storage Temperature Range —-65°C to 150°C
Junction Temperature ® 150°C
For soldering specifications: see product folder at www.national.com and www.national.com/ms/MS/MS-SOLDERING.pdf

(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 guaranteed. For guaranteed specifications and
the test conditions, see Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Tl 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.
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Operating Ratings @

Temperature Range —40°C to 125°C
Supply Voltage (Vg = V" = V") 2.7V to 5.5V
V\n Differential (V4N = VoiN) +100mV
Package Thermal Resistance (654 @) 14-Pin SOIC 145°C/W

14-Pin TSSOP 135°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 guaranteed. For guaranteed specifications and
the test conditions, see Electrical Characteristics.

(2) The maximum power dissipation is a function of Tjpax), 85a. The maximum allowable power dissipation at any ambient temperature is
Po = (Tymax) — Ta) 6;a- All numbers apply for packages soldered directly onto a PC Board.

3.3V Electrical Characteristics

Unless otherwise specified, all limits are guaranteed for T, = 25°C. V" = 3.3V, V" =0V, Vgee = V72, Vo = V2, R, = 10 kQ
to Vgrer, C. = 10 pF; Serial Control Register: G[2:0] = 110b (Gain = 1000x), COMP[2:0] = 000b, MUX[1:0] = 00b, POL, SHDN,
FILT, PIN = Ob, CUR[2:0] = 000b. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® | Typ@ | Max® | Units
Vos Input Offset Voltage Vem = V2 1 10
15
uv
Ve = 0V 1 10
15
TCVgos | Input Offset Voltage Temperature Drift® | Vcy = V72 50 .
nv/e
Vem = 0V 50
CMRR | Common Mode Rejection Ratio V™ -0.1V<SVeysVh-14V 110 139 dB
105
CMVR | Common Mode Voltage Range CMRR 2110 dB -0.1 1.9 \Y
VREFRR VREF Rejection Ratio V™ +0.1V = VREFF < V+ -1.4V 110 145 dB
105
PSRR | Power supply Rejection Ratio 2.7VsV'<55V 112 138 dB
105
EMIRR | Electro Magnetic Interference Rejection | +IN / =IN, Vrg = 100 mVp, f = 900 MHz 83 4B
Ratio +IN / =IN, Vge = 100 mVp, f = 1800 MHz 93
Z\NnDM Differential Input Impedance 50||1 MQ Il pF
ZineMm Common Mode Input Impedance 50||1 MQ Il pF
V|NDM Differential Mode Input Voltage +100 mV
Ig Input Bias Current 0.006 1.2
2 nA
los Input Offset Current 0.1 112 pA
en Input Voltage Noise Density Gain = 10, f =1 kHz 27
Gain = 20, f =1 kHz 31
Gain =50, f =1 kHz 28
Gain = 100, f=1 kHz 27
- nV/NHz
Gain = 200, f=1 kHz 28
Gain =500, f =1 kHz 28
Gain = 1000, f = 1 kHz 27
Gain = External, f = 1 kHz 27

(1) Alllimits are guaranteed 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 guaranteed on
shipped production material.

(3) The offset voltage average drift is determined by dividing the value of Vgg at the temperature extremes by the total temperature change.
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3.3V Electrical Characteristics (continued)

Unless otherwise specified, all limits are guaranteed for T, = 25°C. V" = 3.3V, V" = 0V, Vgee = V72, Vo = V2, R, = 10 kQ
to Vgrer, C. = 10 pF; Serial Control Register: G[2:0] = 110b (Gain = 1000x), COMP[2:0] = 000b, MUX[1:0] = 00b, POL, SHDN,
FILT, PIN = 0b, CUR[2:0] = 000b. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® | Typ@ | Max® | Units
en Input Voltage Noise Gain =10, 0.1 Hz < f< 10 Hz 0.9
Gain=20,0.1 Hz<f< 10 Hz 0.6
Gain =50, 0.1 Hz < f< 10 Hz 0.6
Gain = 100, 0.1 Hz < f< 10 Hz 0.7
Gain = 200, 0.1 Hz < f < 10 Hz 0.6 WWee
Gain =500, 0.1 Hz < f< 10 Hz 0.6
Gain = 1000, 0.1 Hz < f< 10 Hz 0.6
Gain = External, 0.1 Hz < f< 10 Hz 0.6
Ih Input Current Noise Density Gain =100, f =1 kHz 0.5 pAANHz
Ge Gain Error Gain = 10, 20, 50, 100, 200, 500 0.03 0.1 %
Vour = Vrer + 1V and Vour = Vger - 1V 0.15
Gg Gain Error Gain = 1000 0.03 0.15 %
Vour = Vrer + 1V and Vour = Veee - 1V 0.25
Gg Gain Error Contribution from Chip Vout = Vger + 1V and Vout = Vrer - 1V 0.03 %
Gain Error Temperature Coefficient For all gain settings (internal and external), 3 16 ppm/°C

Vout = VRrer + 1V and
Vout = VRer ~ 1V

NL Non-Linearity 3.3 100 ppm
GBW Gain Bandwidth COMP[2:0] =000b, Gain > 10 8
COMP[2:0] = 001b, Gain > 30 24
COMP[2:0] = 010b, Gain > 200 80 MHz
COMP[2:0] = 011b, Gain > 300 240
COMP[2:0] = 1xxb, Gain > 1 0.8
BW -3 dB Bandwidth Gain = 10, COMP[2:0] = 000b 900
Gain = 10, COMP[2:0] = 1xxb 70
Gain = 20, COMP[2:0] = 000b 400
Gain = 20, COMP[2:0] = 1xxb 37
Gain = 50, COMP[2:0] = 001b 490
Gain = 50, COMP[2:0] = 1xxb 16
Gain = 100, COMP[2:0] = 010b 680 KHz
Gain = 100, COMP[2:0] = 1xxb 8
Gain = 200, COMP[2:0] = 010b 195
Gain = 200, COMP[2:0] = 1xxb 4
Gain = 500, COMP[2:0] = 011b 130
Gain = 500, COMP[2:0] = 1xxb 15
Gain = 1000, COMP[2:0] = 011b 89
Gain = 1000, COMP[2:0] = 1xxb 0.8
SR Slew Rate™ COMPJ[2:0] = 000b, 10% to 90% of Step, 1.6
Vout = 2 Vpp
COMP[2:0] = 001b, 10% to 90% of Step, 3.8
Vout =2 Vpp
COMP[2:0] = 010b, 10% to 90% of Step, 6.5 v/
Vout = 2 Vpp KS
COMP[2:0] = 011b, 10% to 90% of Step, 9.3
Vout =2 Vpp
COMP[2:0] = 1xxb, 10% to 90% of Step, 0.17
Vout =2 Vpp
(4) Slew rate is the average of the rising and falling slew rates.
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3.3V Electrical Characteristics (continued)

Unless otherwise specified, all limits are guaranteed for T, = 25°C. V" = 3.3V, V" = 0V, Vgee = V72, Vo = V2, R, = 10 kQ
to Vgrer, C. = 10 pF; Serial Control Register: G[2:0] = 110b (Gain = 1000x), COMP[2:0] = 000b, MUX[1:0] = 00b, POL, SHDN,
FILT, PIN = 0b, CUR[2:0] = 000b. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® | Typ@ | Max® | Units
ts 0.01% Settling Time 2 V Step, C_ = 10 pF, COMP[2:0] = 011b 4 s
Vour Output Voltage Swing High R =2kQto V*/2 32
40
R. =10 kQ to V*/2 12 mV from
17 top rail
R, >1MQto V*/2 7
12
Output Voltage Swing Low R, =2kQ to V*/2 28
38
_ - mV from
R, =10kQ to V*/2 12 bottom
17 ;
rail
R >1MQto V*/2 8
13
louT Output Current Sourcing Vour tied to V*/2 21 28
15
— - mA
Output Current Sinking Vour tied to V*/2 32 37
25
Is Supply Current Fault detection off, V|y pirr = OV 1.8 21 mA
Fault detection on, V|y pieg = OV 1.9 2.2 mA
in Shutdown 0.014 1 A
Tsp on | Turn-on time from Shutdown 85 us
PSg Prescaler Error (Offset + Gain Error) Vem = V2 5 15 mV
Prescaler Gain Factor 0.02 VIV
ItesT Fault Detection: Test Current Setting 1 (CUR[2:0] = 001b), Vem < V* = 10 nA
1.15v
Setting 2 (CUR[2:0] = 010b), Ve < V' - 100 nA
1.15v
Setting 3 (CUR[2:0] = 011b), Ve < V* - 1 A
1.15V H
Setting 4 (CUR[2:0] = 100b), Voy < V* = 10 A
1.15V H
Setting 5 (CUR[2:0] = 101b), Vey < V* - 100 A
1.15V H

5.0V Electrical Characteristics

Unless otherwise specified, all limits are guaranteed for T, = 25°C. V* = 5.0V, V" = 0V, Vger = V*/2, Ve = V72, R, = 10 kQ
to Vgrer, C. = 10 pF; Serial Control Register: G[2:0] = 110b (Gain = 1000x), COMP[2:0] = 000b, MUX[1:0] = 00b, POL, SHDN,
FILT, PIN = Ob, CUR[2:0] = 000b. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® | Typ@ | Max® | Units
Vos Input Offset Voltage Vem = V12 0.9 10
15
uv
VCM =0V 0.9 10
15
TCVps | Input Offset Voltage Temperature Drift® | Vgy = V*/2 50 C
n o
Vew = OV 50

(1) Alllimits are guaranteed 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 guaranteed on
shipped production material.

(3) The offset voltage average drift is determined by dividing the value of Vgg at the temperature extremes by the total temperature change.
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5.0V Electrical Characteristics (continued)

Unless otherwise specified, all limits are guaranteed for T, = 25°C. V" = 5.0V, V" = 0V, Vgee = V72, Vo = V2, R, = 10 kQ
to Vgrer, C. = 10 pF; Serial Control Register: G[2:0] = 110b (Gain = 1000x), COMP[2:0] = 000b, MUX[1:0] = 00b, POL, SHDN,
FILT, PIN = 0b, CUR[2:0] = 000b. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® | Typ@ | Max® | Units
CMRR | Common Mode Rejection Ratio V™ -0.1V<SVeysVh-14V 116 142 dB
105
VgerRR | Vrer Rejection Ratio V™ + 0.1V £ Vgerr < V- 1.4V iég 150 4B
CMVR | Common Mode Voltage Range CMRR 2 115 dB -0.1 3.6 \%
PSRR | Power supply Rejection Ratio 2.7VsV'<55V 112 138 dB
105
EMIRR | Electro Magnetic Interference Rejection | +IN / =IN, Vrg = 100 mVp, f = 900 MHz 83
Ratio +IN / =IN, Vge = 100 mVp, f = 1800 MHz 93 a8
Z\NnDM Differential Input Impedance 50||1 MQ Il pF
ZineMm Common Mode Input Impedance 50||1 MQ Il pF
V|NDM Differential Mode Input Voltage +100 mV
Ig Input Bias Current 0.006 1.2 nA
2
los Input Offset Current 0.2 113 pA
en Input Voltage Noise Density Gain = 10, f =1 kHz 25
Gain = 20, f =1 kHz 28
Gain =50, f =1 kHz 26
Gain = 100, f=1 kHz 25
Gain = 200, f=1 kHz 28 nviHz
Gain =500, f=1 kHz 26
Gain = 1000, f = 1 kHz 25
Gain = External, f = 1 kHz 25
en Input Voltage Noise Gain=10,0.1Hz<f<10Hz 0.7
Gain=20,0.1Hz<f< 10 Hz 0.7
Gain =50,0.1 Hz < f< 10 Hz 0.5
Gain = 100, 0.1 Hz < f< 10 Hz 0.6
Gain = 200, 0.1 Hz < f < 10 Hz 06 HVep
Gain =500, 0.1 Hz < f< 10 Hz 0.5
Gain = 1000, 0.1 Hz < f< 10 Hz 0.6
Gain = External, 0.1 Hz < f< 10 Hz 0.6
Ih Input Current Noise Density Gain =100, f =1 kHz 0.5 pAANHz
Ge Gain Error Gain = 10, 20, 50, 100, 200, 500 0.03 0.1 %
Vour = Vrer + 1V and Vour = Vger - 1V 0.15
Gg Gain Error Gain = 1000 0.03 0.15 %
Vour = Vrer + 1V and Vour = Veee - 1V 0.25
Gg Gain Error Contribution from chip Vout = Vger + 1V and Vout = Vrer - 1V 0.03 %
Gain Error Temperature Coefficient For all gain settings (internal and external), 3 16 ppm/°C
Vout = VRer *+ 1V and
Vout = VRer ~ 1V
NL Non-Linearity 3 100 ppm
GBW Gain Bandwidth COMPJ[2:0] = 000b, Gain > 10
COMPJ[2:0] = 001b, Gain > 100 24
COMPJ[2:0] = 010b, Gain > 200 80 MHz
COMP[2:0] = 011b, Gain > 500 240
COMPJ[2:0] = 1xxb, 0.8
Gain=>1
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5.0V Electrical Characteristics (continued)

Unless otherwise specified, all limits are guaranteed for T, = 25°C. V" = 5.0V, V" = 0V, Vgee = V72, Vo = V2, R, = 10 kQ
to Vgrer, C. = 10 pF; Serial Control Register: G[2:0] = 110b (Gain = 1000x), COMP[2:0] = 000b, MUX[1:0] = 00b, POL, SHDN
FILT, PIN = 0b, CUR[2:0] = 000b. Boldface limits apply at the temperature extremes.

1

Symbol Parameter Conditions Min® | Typ@ | Max® | Units
BW -3 dB Bandwidth Gain = 10, COMP[2:0] = 000b 930
Gain = 10, COMPJ[2:0] = 1xxb 74
Gain = 20, COMP[2:0] = 000b 385
Gain = 20, COMPJ[2:0] = 1xxb 37
Gain = 50, COMP[2:0] = 001b 460
Gain = 50, COMP[2:0] = 1xxb 16
Gain = 100, COMP[2:0] = 010b 640 KH
z
Gain = 100, COMP[2:0] = 1xxb 8
Gain = 200, COMP[2:0] = 010b 195
Gain = 200, COMPJ[2:0] = 1xxb 4
Gain = 500, COMP[2:0] = 011b 130
Gain = 500, COMP[2:0] = 1xxb 15
Gain = 1000, COMP[2:0] = 011b 89
Gain = 1000, COMPJ[2:0] = 1xxb 0.8
SR Slew Rate™ COMPJ[2:0] = 000b, 10% to 90% of Step, 1.7
Vout =2 Vpp
COMPJ[2:0] = 001b, 10% to 90% of Step, 5.0
Vout =2 Vpp
COMPJ[2:0] = 010b, 10% to 90% of Step, 9.0
_ V/us
Vout = 2 Vpp
COMPJ[2:0] = 011b, 10% to 90% of Step, 11.0
Vout =2 Vpp
COMPJ[2:0] = 1xxb, 10% to 90% of Step, 0.16
Vout = 2 Vpp
ts 0.01% Settling Time 2V Step, C_ = 10 pF, COMP[2:0] = 011b 4 us
Vout Output Voltage Swing High R, =2kQ to V*/2 52
62
R. =10 kQ to V*/2 22 mV from
30 top rail
R.>1MQto V*/2 12
17
Output Voltage Swing Low R =2kQto V*/2 42
55
R. =10 kQ to V*/2 16 ";)V from
> ottom
rail
R >1MQto V*/2 12
17
lout Output Current Sourcing Vour tied to V*/2 23 31
16
— - mA
Output Current Sinking Vour tied to V*/2 34 41
30
Is Supply Current Fault detection off, V|\y pirr = OV 1.8 2.1 mA
Fault detection on, V|\ pirr = OV 1.9 2.2 mA
in Shutdown 0.006 1 A
Tsp on | Turn-on time from Shutdown 85 us
PSg Prescaler Error (Offset + Gain Error) Vewm = V12 5 8 mV
Prescaler Gain Factor 0.02 VIV
(4) Slew rate is the average of the rising and falling slew rates.
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5.0V Electrical Characteristics (continued)

Unless otherwise specified, all limits are guaranteed for T, = 25°C. V" = 5.0V, V" = 0V, Vgee = V72, Vo = V2, R, = 10 kQ
to Vgrer, C. = 10 pF; Serial Control Register: G[2:0] = 110b (Gain = 1000x), COMP[2:0] = 000b, MUX[1:0] = 00b, POL, SHDN,
FILT, PIN = 0b, CUR[2:0] = 000b. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® | Typ@ | Max® | Units
ItesT Fault Detection: Test Current Setting 1 (CUR[2:0] = 001b), Vem < V* = 10 nA
2.25V
Setting 2 (CUR[2:0] = 010b), Voy < V* - 100 nA
2.25V
Setting 3 (CUR[2:0] = 011b), Vem < V¥ = 1 UA
2.25V
Setting 4 (CUR[2:0] = 100b), Voy < V* = 10 PA
2.25V
Setting 5 (CUR[2:0] = 101b), Ve < V' - 100 HA
2.25V

Electrical Characteristics (Serial Interface)

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = V™ 2 2.7V, V" 2 VHSER/VLPAR, V™ < VLSER/VHPAR,
Vp = (VHSER/VLPAR) - (VLSER/VHPAR) = 2.5V.

Symbol Parameter Conditions Min® Typ®@ Max @) Units
Vi Input Logic Low Threshold 0.3 x Vp \%
Viy Input Logic High Threshold 0.7 x Vp \%
VoL Output Logic Low Threshold Ispo = 2mMA 0.2 Y
Vou Output Logic High Threshold Ispo = 2mMA Vp - 0.2V
Ispo Output Source Current, SDO Vp =3.3V or 5.0V, -2

CSB =0V, Voy = V' - 0.7V A
Output Sink Current, SDO Vp = 3.3V or 5.0V, 2
CSB =0V, Vg = 1.0V
loz Output Tri-state Leakage Current, Vp = 3.3V or 5.0V, +1 HA
SDO CSB =Vp =3.3Vor 5V
t High Period, SCK @ 100 ns
t, Low Period, SCK @ 100 ns
ts Set Up Time, CSB to SCK @ 50 ns
ty Set Up Time, SDI to SCK @ 30 ns
ts Hold Time, SCK to SDI @ 10 ns
ts Prop. Delay, SCK to SDO @ 60 ns
t; Hold Time, SCK Transition to CSB | ® 50 ns
Rising Edge
tg CSB Inactive @ 50 ns
tg Prop. Delay, CSB to SDO Active @ 50 ns
tio Prop. Delay, CSB to SDO Inactive @ 50 ns
t11 Hold Time, SCK Transitonto CSB | © 10 ns
Falling Edge
t/t; Signal Rise and Fall Times @ 15 5 ns

(1) Alllimits are guaranteed 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 guaranteed on
shipped production material.

(3) Load for these tests is shown in the Timing Diagram Test Circuit.

8 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated

Product Folder Links: LMP8358


http://www.ti.com/product/lmp8358?qgpn=lmp8358
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSB09A&partnum=LMP8358
http://www.ti.com/product/lmp8358?qgpn=lmp8358

13 TEXAS
INSTRUMENTS

www.ti.com

LMP8358

SNOSBO9A —APRIL 2010—REVISED MAY 2010

Connection Diagram

+IN — * 14 sporco
N =2 22 bt
REFS — 12 scrie2
REFF — 1L csp/sHDN
FB — 29 VL SERVHPAR
out -4 v
vt L& VHSERWLPAR
Figure 1. 14-Pin SOIC/ 14-Pin TSSOP
Top View
Pin Descriptions
Pin Name Communication Mode
Serial Parallel
+IN Positive Input
-IN Negative Input
REFS Reference Sense
REFF Reference Force
FB Feedback
ouT Output
vt Positive Supply
VHSER/VLPAR Set High Set Low
\a Negative Supply
VLSER/VHPAR Set Low Set High
CSB/SHDN Chip Select Shutdown (Active High)
SCK/G2 Serial Clock Gain (MSB)
SDI/G1 Serial Data In Gain
SDO/G0 Serial Data Out Gain (LSB)
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Block Diagram
+N| 1
[ 1 Diff I
1T In
nf 2
Zero/Cal sl out
+IN/50
-IN/50
¥y v r %
' ' 5| FB
€--- PIN POL MUXI1:0] oo
&--- CUR[2:0] S2
| FAULT S1 >
v'  DETECTION + o—
& . Q\TQ\ § 9m ) GAIN SET 4| reFe
@™ W o o e
A A A 4 A A 4 2 *
VLSERVHPAR | 10 Gl2:0]
CONTROL 3] REFS
VHSERNVLPAR| 8 INTERFACE
14 13 12 11
SDO/GO  SDI/G1 SCK/G2 ~ CSBISHDN
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Timing Diagrams

r—-
= AT Y A Y A U A U A U
| )
ﬂlll :_tz [ ka -t u =! :t7= <—>|t11
CSB \ / \
SDI :XXXXXXX:X D15 X D14 X: DO |
Sl |<_ L‘_s,‘ I.“_O,I
1111 CEXTN S owor Y oww )
AVAVAVAVATAY | VY | W an
Figure 3. SPI Timing Diagram
TOPIN
Figure 4. Timing Diagram Test Circuit
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Typical Performance Characteristics
V* = 3.3V and T, = 25°C unless otherwise noted.

Gain Gain
vS. . vS. .
I;(r)equency for Various COMP Settings I:5r0equency for Various COMP Settings
20 Sy y
40 N N N
COMP = 000HTHHMN \ COMP = 000 N N
g w0 \ g [ comiE= oot NN
S COMP = 100 > £ ,l.comp=010 \
z \ z 30 RO \ \
z \ 2 COMP = 100 i\ \ \
G 0 \ o \ \
\ il
\ 20 1 \
-10-GAIN = 10 \ GAIN =100
v =+2.5v \ v =+2.5v
V' =-25v \ V =-25V \
-20 10
100 1k 10k 100k 1M 10M 100 1k 10k 100k 1M 10M
FREQUENCY (Hz) FREQUENCY (Hz)
Figure 5. Figure 6.
Gain Gain
vs. ] vs.
F7r0equency for Various COMP Settings Frequency for Various Cap Loads
T T T 1T
[
30
COMP =011 ‘ /
60 N N N Ny
MNN 20 ™
0 \\ \\ h \
~ 5 _
g NI \\ g 1w CL=10pF
= COMP =010 z SN
= Ciom |\ W’ \ ] CL =100 pF
8 a0|cOMEZ 001 g \ L :
COMP = 000 \
coMP = 100| »\\ (N 10/ GaN =10
FGAIN =100 FCOMP = 000 1
30 [GAIN = 1000 \ \ \ 20| o Cy = 200 pF+—»
Vv = +25Vv \ \ \\ V' =+2.5V ‘C‘ 0 1 ‘F
" V =28y \U \ q V=25V -L=10P
100 1k 10k 100k 1M 10M 100k M 10M
FREQUENCY (H:
FREQUENCY (Hz) a (Hz)
Figure 7. Figure 8.
Gain Gain Error
vs. VS.
Frequency for Various Cap Loads Common Mode Voltage, Vg = 5V
0.03
50 GAIN = 10
0.02
40 T
\ —_ ” N, — N
_ \ & o001
g N CL = 200 pF x
2 N | g o
20 A
o] wi N A YAk
10 &-0.01 J
GAIN =100 || CL = 100 pFix
FCOMP = 000H— ' ' 11! )
olo+_ CL =10 pF|f -0.02 GAIN = 100. . 4
V' =425V C‘ ‘Z‘OBHF v’ =45V
v =25V LTE R PN ‘ ‘ V=0V
10k 100k 1M 10M -0.03
05 00 05 1.0 15 20 25 3.0 35 4.0
FREQUENCY (Hz)
Vewm (V)
Figure 9. Figure 10.
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GAIN ERROR (%)
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-0.01
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-0.

Gain Error Distribution, Gain = 100, Vg = 3.3V

Typical Performance Characteristics (continued)
V* = 3.3V and T, = 25°C unless otherwise noted.

Gain Error
VS.
Common Mode Voltage, Vs = 3.3V
\
GAIN =10
A-N\.\,..\__ ~
"\-‘.\_\
mmrn,
JWMM
Pl
GAIN = 100. . §
V' =433V
V =0V
5 00 05 10 15 20
Vewm (V)
Figure 11.

45
SAMPLE SIZE = 10000 | GAIN = 100
|
40 V' = +1.65V]
& 35 |V =-1.65V ]
>
2 30
5
o 25
i
w 20
g
Z 15
it
w 10
['4
5
0
01 -006 -002 002 006 0.1
GAIN ERROR (%)
Figure 13.
Vg Distribution, Vg = 3.3V
35 — —
SAMPLE SIZE = 10000~ GAIN = 1000
30 | V' = +1.65V |
g V' =-1.65V
5 25
z
)
3 20
i}
o
L 15
w
=
=
< 10
w
24
5
0
7 5 3 1 1 3 5 7
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Figure 15.
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Figure 12.

GAIN = 1000
V' = +1.65v

T T _ T 1
SAMPLE SIZE = 10000

V' =-1.65V

-0.06 -0.02 0.02

GAIN ERROR (%)
Figure 14.

0.06 0.1

Vg Distribution, Vg = 5.0V

SAMPLE SIZE = 10000]  GAIN = 1000

v =425V |

V =-25V

-7 -5 -3 -1 1 3 5 7

Vos (uV)

Figure 16.

Gain Error Distribution, Gain = 10, Vg = 3.3V

Gain Error Distribution, Gain = 1000, Vg = 3.3V
2
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Typical Performance Characteristics (continued)

V* = 3.3V and T, = 25°C unless otherwise noted.
TCVgs Distribution, Vg = 3.3V

TCVps Distribution, Vg = 5V

SAMPLE SIZE = 8400

Gain = 1000

SAMPLE SIZE = 8400 Gain = 1000 i i
Py V' = +2.5V -
V' = +1.65V- 0 | .
40 - - . V =-25V
a0 _ V =-1.65V 8 35
T 30
30 =
& 25
25 3
% g 20
15 < 15
- Z 10 [—
10 < _
5 ] g °
S}
0
-0.02 -0.01 0 0.01 0.02
-0.02 -0.01 0 0.01 0.02
TCVos (uVF°C) TCVos (uV/°C)
Figure 17. Figure 18.
VOS VOS
VS. VS.
VCM: VS = 3.3V VCM: VS =3.3V
f 0.00
AL a0t fan/ M W /] Yl
e -0.25 \{ -40C
— N
| 25¢ J‘-"’\/ % -0.50 25T N~
@ P-«-v-v‘T/
>
125C /
~— -0.75 125C YA
| WPV, Y ,\\./\ / VAN APA/’\NW
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V= 4165V 1.00 V' = +1.65v
V =-1.65V V' =-1.65V
Il L
19 -15 -11 -07 -03 01 05 19 -15 -11 -07 -03 01 05
Vewm (V) Vewm (V)
Figure 19. Figure 20.
VOS VOS
VS. VS.
VCM: VS =5.0v V M VS =5.0vV
0.2 n 0.2
N
0 0
AAN—-40C //V\ !\ 40"C/ A\
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L =~ N\
-0.4 2 04 A,
~ v = 8 , e~
0.6 2T /V/ > .06 25C I+
|
125C =~
-0.8 \‘Ww,.r--\,f MY 08| N A\ANpAn and
10 Gi\IN = 1007 10 125C Gf”\j =1000 |
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Il Il
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Figure 21. Figure 22.
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Typical Performance Characteristics (continued)
V* = 3.3V and T, = 25°C unless otherwise noted.

Vos CMRR
VS. VS.
Vger Vs = 3.3V 140 Frequency
\
0 -40C
1
I\/ \/\ 120
-03 \ U \/ N
GAN=10 YW/ \/1 \'\ N
< V' = +1.65v & 100 q
2 06|V =-1.65v s N
g 25T g z .
> M AAN— S o
-0.9
125C L~ 60 -GAIN = 1000
12 NMANANSY "\ V' =425V
V' =-25V
19 15 -11 07 -03 01 05 4015 100 13 3 100k
VREeF (V) FREQUENCY (Hz)
Figure 23. Figure 24.
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O g o 110
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Figure 25. Figure 26.
Voltage Noise Voltage Noise
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Time Frequency
= 50
>
>
G
w40
S
> Il
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3 <
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Y (M >
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w
2
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[Ny E 10 —\cjfm ;15?/00
V' =-2.5v it Tt
= V =-25V
[
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Figure 27. Figure 28.
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Typical Performance Characteristics (continued)
V* = 3.3V and T, = 25°C unless otherwise noted.

Small Signal Step Response for Various COMP Settings Small Signal Step Response for Various COMP Settings
GAIN = 1000
\ V=425V |
\ V =-25v
z z \‘— COMP = 100
S S
E //a—|comp = 100 E \
o / S — covvn::on N
COMP = ook
GAIN = 1000 cow - 001 S~
+ i =010
/ v = +25v
V' =-25V
100 ps/DIV 100 ps/DIV
Figure 29. Figure 30.
Large Signal Step Response for Various COMP Settings Large Signal Step Response for Various COMP Settings
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g g N
& 4 o AN
o o
/4— COMP = 100
COMP =000~
COMP =001 |~~~
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Figure 31. Figure 32.
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Figure 33. Figure 34.
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Typical Performance Characteristics (continued)

V* = 3.3V and T, = 25°C unless otherwise noted.
Input Bias Current

VS.
VCM! Vs =3.3V

1.0
05
0 125C
2 / -40C
£ .05
E I
-1.0 ,
el V' = +1.65V]
125C V' =-1.65V
2.0 ‘ w
19 -15 -11 07 -03 01 05
Vewm (V)
Figure 35.
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Figure 37.
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Figure 40.
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V* = 3.3V and T, = 25°C unless otherwise noted.

Typical Performance Characteristics (continued)
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Figure 41. Figure 42.
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Figure 43. Figure 44.
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Figure 45. Figure 46.
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APPLICATION INFORMATION

INTRODUCTION

The LMP8358 is a precision programmable gain instrumentation amplifier. Its gain can be programmed to 10, 20,
50, 100, 200, 500 or 1000 through an SPI-compatible serial interface or through a parallel interface. Alternatively,
its gain can be set to an arbitrary value using external resistors. Note that at low gains the dynamic range is
limited by the maximum input differential voltage of +100mV. The LMP8358 uses patented techniques to
measure and continuously correct its input offset voltage, eliminating offset drift over time and temperature, and
the effect of 1/f noise. Its ground sensing CMOS input features a high CMRR and low input bias currents. It is
capable of sensing differential input voltages in a common-mode range that extends from 100 mV below the
negative supply to 1.4V below the positive supply, making it an ideal solution for interfacing with ground-
referenced sensors, supply-referenced sensor bridges, and any other application requiring precision and long
term stability. Additionally, the LMP8358 includes fault detection circuitry, so open and shorted inputs can be
detected, as well a deteriorating connection to the signal source. Other features that make the LMP8358 a
versatile solution for many applications are: its rail-to-rail output, low input voltage noise and high gain-bandwidth
product.

TRANSIENT RESPONSE TO FAST INPUTS

The LMP8358 is a current-feedback instrumentation amplifier that consists of two auto-zeroed input stages.
These two input stages are operated in a ping-pong fashion: as one stage is auto-zeroed the other stage
provides the path between the input pins and the output. The auto-zeroing decreases offset, offset drift, and 1/f
noise while the ping-pong architecture provides a continuous path between the input and the output. As with all
devices that use auto-zeroing, care must be taken with the signal frequency used with the device. On-chip
continuous auto-zero correction circuitry eliminates the 1/f noise and significantly reduces the offset voltage and
offset voltage drift; all of which are very low-frequency events. For slow-changing sensor signals, below 2kHz,
this correction is transparent. Higher-frequency signals as well as fast changing edges will show a settling and
ramping time lasting about 1ps. Like all auto-zeroing devices, if the input frequency is above the auto-zero
frequency, aliasing will occur. This can occur both at the auto-zeroing frequency of about 12kHz and the ping-
pong frequency of about 50kHz. If needed, a low-pass filter should be placed on the output of the LMP8358 to
filter out this disturbance.

COMMUNICATION WITH THE PART AND REGISTER DESCRIPTION

The LMP8358 supports a serial and a parallel digital interface mode as shown in Figure 47 and Figure 48.

Parallel user mode Gain is set using GO, G1 and G2 pins. The shutdown mode can be activated by asserting
SHDN. Fault detection features are unavailable.

Serial user mode The part is SPI-programmable through SDI, SCK, SDO and CSB. All features are available.
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Figure 47. (A) Communication with LMP8358 in Parallel Mode
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Figure 48. (B) Communication with LMP8358 in Serial Mode

Communication Mode Selection
The interface mode is determined by the two interface level pins VLSER/VHPAR and VHSER/VLPAR.
VLSER/VHPAR < VHSER/VLPAR Serial Interface. VLSER= Logic low level, VHSER = Logic high level.
VLSER/VHPAR > VHSER/VLPAR Parallel interface. VLPAR = Logic low level, VHPAR = Logic high level.

The levels applied to the VLSER/VHPAR and VHSER/VLPAR pins should be between the V* and V™ levels as
shown in Figure 49.
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VLSER/VHPAR

LOGIC
I/0 LEVELS

VHSER/VLPAR
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PARALLEL MODE SERIAL MODE

Figure 49. Communication Mode Selection.

PARALLEL CONTROL INTERFACE MODE

The LMP8358 is put into Parallel Mode by setting VLSER/VHPAR > VHSER/VLPAR. The register in the
LMP8358 does not control the settings of the LMP8358 in this mode. Gain and shutdown are set by placing a
high or low logic level on pins 11 (SHDN), 12 (G2), 13 (G1), and 14 (G0), as shown in Table 1 and Table 2. The
logic high and low levels are defined by the voltages on the VLSER/VHPAR and VHSER/VLPAR pins. See the
START UP AND POWER ON RESET section for power on requirements when using the parallel mode.

Table 1. Function of Digital IO Pins, Parallel Mode

Pin Name Description

GO Gain setting (LSB)

Gl Gain setting

G2 Gain setting (MSB)
SHDN Shutdown (Active High)
VHPAR Positive logic level
VLPAR Negative logic level

Table 2. Pin Levels for Setting Gain, Parallel Mode

G2 Gl GO Gain Setting Bandwidth Compen-
sation Setting (Auto-
matically
Set)

0 0 0 10x (power-up default) 930 kHz 000b

0 0 1 20x 385 kHz 000b

0 1 0 50x 460 kHz 001b

0 1 1 100x 640 kHz 010b

1 0 0 200x 195 kHz 010b

1 0 1 500x 130 kHz 011b

1 1 0 1000x 89 kHz 011b

1 1 1 User defined 800 kHz 1xxb

SERIAL CONTROL INTERFACE MODE

The LMP8358 is put into Serial Mode by setting VLSER/VHPAR < VHSER/VLPAR. In the Serial Mode the
LMP8358 can be programmed by using pins 11 — 14 as shown in Table 3 and the SPI Timing Diagram. The
LMP8358 contains a 16 bit register which controls the performance of the part. These bits can be changed using
the Serial Mode of communication. The register of the LMP8358 is shown in Table 4. Immediately after power on
the register should be written with the value needed for the application. See the START UP AND POWER ON
RESET section.
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Table 3. Function of Digital IO Pins, Serial Mode

Pin Name Description
SDO Serial Data Out
SDI Serial Data In
SCK Serial Clock
CSB Chip Select
VLSER Negative Logic level
VHSER Positive Logic Level
Table 4. LMP8358 Register Description, Serial Mode
Bit No Name Description
0 GO Gain setting (LSB)
1 Gl Gain setting
2 G2 Gain setting (MSB)
3 COMPO Frequency compensation setting (LSB)
4 COMP1 Frequency compensation setting
5 COMP2 Frequency compensation setting (MSB)
6 MUXO0 Input multiplexer selection (LSB)
7 MUX1 Input multiplexer selection (MSB)
8 POL Input polarity switch
9 SHDN Shutdown Enable
10 FILT Enable filtering using external cap
11 PIN Fault detection pin selection
12 CURO Fault detection current setting (LSB)
13 CUR1 Fault detection current setting
14 CUR2 Fault detection current setting (MSB)
15 N/A Unused, setto 0

Serial Control Interface Operation

The LMP8358 gain, bandwidth compensation, shutdown, input options, and fault detection are controlled by an
on board programmable register. Data to be written into the control register is first loaded into the LMP8358 via
the serial interface. The serial interface employs an 16-bit double-buffered register for glitch-free transitions
between settings. 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 sixteen
data bits are required to correctly program the amplifier. The falling edge of CSB enables the shift register to
receive data. The SCK signal must be high during the falling and rising edge of CSB. 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 CSB. Operation is shown in the SPI Timing Diagram.

The serial control pins can be connected in one of two ways when two or more LMP8358s are used in an
application.
Star Configuration

The configuration shown in Figure 50 can be used if each LMP8358 will always have the same value in each
register. After the microcontroller writes, all registers will have the same value. Using multiple CSB lines as
shown in Figure 51 allows different values to be written into each register.
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LMP8358 LMP8358 LMP8358
MOSI o
SCK v ; \ 4 ; A 4 ; -
SDI SCK SDI SCK SDI SCK
CONTROLLER
SDO SDO SDO
CsB CsB CcsB
A A
CSB T

Figure 50. Star Configuration for Writing the Same Value Into Each Register

LMP8358 LMP8358 LMP8358
MOSI R
SCK vy v vy v y v
SDI SCK SDI SCK SDI SCK
CONTROLLER
SDo SDo SDo
CcsB1
R csB csB csB
ry
CsB3 | ____* T
|

Figure 51. Star Configuration for Writing Different Values Into Each Register

Daisy Chain Configuration

This configuration can be used to program the same or different values in the register of each LMP8358. The
connections are shown in Figure 52. In this configuration the SDO pin of each LMP8358 is connected to the SDI
pin of the following LMP8358.

LMP8358 LMP8358 LMP8358
T MISO
ScK v v v
ScK scK SscK
CONTROLLER
Mosl »| soi SDO »| soi SDO »| soi SDO
csB csB csB
y'y y'y
csB T

Figure 52. Daisy Chain Configuration

The following two examples show how the registers are written in the Daisy Chain Configuration.

Table 5. If all three LMP8358s need a gain of 100 with a compensation level of 010. (0000 0000 0001 0011)

Register of LMP8358 #1 | Register of LMP8358 #2 | Register of LMP8358 #3 | Notes
Power on 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 Default power on state
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Table 5. If all three LMP8358s need a gain of 100 with a compensation level of 010. (0000 0000 0001

0011) (continued)

After first two bytes are
sent

0000 0000 0001 0011

0000 0000 0000 0000

0000 0000 0000 0000

After second two bytes
are sent

0000 0000 0001 0011

0000 0000 0001 0011

0000 0000 0000 0000

After third two bytes are
sent

0000 0000 0001 0011

0000 0000 0001 0011

0000 0000 0001 0011

The data in the register of
LMP8358 #1 is shifted
into the register of
LMP8358 #2, the data in
the register of LMP8358
#2 is shifted into the
register of LMP8358 #3.

Table 6. If LMP8358 #1 needs a gain of 20 (0000 0000 0000 0001), LMP8358 #2 needs a gain of 1000 with
a compensation level of 011 (0000 0000 0001 1110), and LMP8358 #3 needs a gain of 100 with a
compenstation level of 010 (0000 0000 0001 0011).

Register of LMP8358 #1

Register of LMP8358 #2

Register of LMP8358 #3

Notes

Power on

0000 0000 0000 0000

0000 0000 0000 0000

0000 0000 0000 0000

Default power on state

After first two bytes are
sent

0000 0000 0001 0011

0000 0000 0000 0000

0000 0000 0000 0000

After second two bytes

0000 0000 0001 1110

0000 0000 0001 0011

0000 0000 0000 0000

The data in the register of
LMP8358 #1 is shifted
into the register of

LMP8358 #2, the data in
the register of LMP8358
#2 is shifted into the
register of LMP8358 #3

are sent

After third two bytes are
sent

0000 0000 0000 0001 0000 0000 0001 1110 0000 0000 0001 0011

LMP8358 SETTINGS

Gain (Serial, Parallel)

When the LMP8358 is in Parallel Mode the gain can be set by applying a high or low level to pins 12 (G2), 13
(G1), and 14 (GO0), as shown in Table 2. The Frequency Compensation bits are automatically set as shown in
Table 2 to optimize the bandwidth. In Serial Mode the gain is determined by setting G[2:0] as shown in Table 7
and the bandwidth can be changed using the Frequency Compensation bits in the register.

Table 7. Gain Setting (Register bits 2:0)

G2 Gl GO Gain Setting

0 0 0 10x (power-up default)
0 0 1 20x

0 1 0 50x

0 1 1 100x

1 0 0 200x

1 0 1 500x

1 1 0 1000x

1 1 1 User Defined

When G[2:0] = 000b to 110b switch S1 is closed and switch S2 is open as shown in the Block Diagram.

When G[2:0] = 111b in either serial or parallel mode switch S1 is open and S2 is closed and the LMP8358 gain
is set by external resistors as shown in Figure 53. The gain is:

GAIN =1 + (Z1/22) 1)
When the gain is set by external resistors and COMP[2:0] = 1xxb, a capacitor can be used to implement a noise

reduction low pass filter. See the Filter and External Filter Capacitor (Serial) section. Rland Cg, tgr are placed
between the OUT and FB pins. R2 is placed between the FB and REFS pins.
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Figure 53. External Gain Set Resistors and Filter Capacitor

VREF

Frequency Compensation (Serial)

The gain-bandwidth compensation is set to one of five 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 COMP[2:0] of the control register with 000b, 001b, 010b, 011b,
or 1xxb. Table 8 shows the bandwidths achieved at the selectable gain and compensation settings. Note that for
gains 10X and 20X, the recommended compensation setting is 000b. For the gain setting 50X, compensation
settings may be 000b and 001b. Gain settings 100X and 200X may use the three bandwidth compensation
settings 000b, 001b, and 010b. At gains of 500X and 1000X, all bandwidth compensation ranges may be used.
Note that for lower gains, it is possible to under compensate the amplifier into instability.

Table 8. Frequency Compensation (Register bits 5:3)

Bandwidth
Gain\COMP [2:0] 000 001 010 011 1xx
10 930 kHz n/a n/a n/a 74 kHz
20 385 kHz n/a n/a n/a 37 kHz
50 160 kHz 460 kHz n/a n/a 16 kHz
100 80 kHz 225 kHz 640 kHz n/a 8 kHz
200 38 kHz 95 kHz 195 kHz n/a 4 kHz
500 16 kHz 40 kHz 85 kHz 130 kHz 1.5 kHz
1000 8 kHz 22 kHz 50 kHz 89 kHz 0.8 kHz
User Defined Gain > 10x > 30x > 100x > 300x > 1x
GBW Product 8 MHz 24 MHz 80 MHz 240 MHz 0.8 MHz

(For external filter cap)

Input Multiplexer and Polarity Switch (Serial)

The Input Multiplexer Selection bits MUX[1:0] and Polarity bit POL can be used to set the inputs of the LMP8358
to the states shown in Table 9.

Table 9. Input Multiplexer and Polarity (Register bits 8:6)

MUX1 MUXO0 Diff Input for POL =0 Diff Input for POL =1
0 0
1 1
+IN + +IN +
5 our 5 our
2 2
-IN - AN _
Vour = Gain((+IN) — (-IN)) Vourt = Gain((-IN) — (+IN))
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Table 9. Input Multiplexer and Polarity (Register bits 8:6) (continued)

MUX1 MUXO0 Diff Input for POL =0 Diff Input for POL =1
0 1
1 1
+IN + +IN +
5 ouT 5 ouT
2 2
-IN - -IN -
Vout = VREF Vout = VREF
1 0
L |
+IN llISCI +
5 ouT 5 ouT
2
-IN —1
v
Vour = Gain(+IN)/50
1 1
1 v
+IN L
5 ouT 5 ouT
S py |
IN 1/50 -
Vout = Gain(-IN)/50 Vout = -Gain(-IN)/50

Polarity Reversal

When MUX][1:0] = 00b and POL = Ob the LMP8358 has the input of a normal instrumentation amplifier. The input
for the LMP8358 is defined as Gain x (V. — Voin).- When POL = 1b, the input for the LMP8358 is defined as
Gain x (V_y — V4). Polarity reversal can be used to do system level calibration, for example, to compensate for
thermocouple voltages, residual offset of the LMP8358, or offsets of the sensor or ADC.

Short Inputs

When MUX[1:0] = 01b and POL = Ob both inputs are connected to the +IN pin of the LMP8358. The —IN pin is
left floating. When MUX][1:0] = 01b and POL = 1b both inputs are connected to the -IN pin of the LMP8358. The
+IN pin is left floating.

Compare Input to V-

When MUX][1:0] = 10b or 11b one external input of the LMP8358 is floating. The other external input is divided by
50 as shown in Table 9. The internal instrumentation amplifier input that is not connected to the external pin is
connected to V~. With a scale factor of 1/50 this gives an overall gain of 0.2x, 0.4x, 1x, 2x, 4x, 10x, or 20x
depending on what the gain is set to with G[2:0] bits as shown in Table 10.

Table 10. Overall Gain using G[2:0], MUX[1:0] and POL

G[2:0] ‘ MUX][1:0] Overall System Gain
POL =0b POL =1b
000b 10b or 11b 0.2 -0.2
001b 10b or 11b 0.4 -0.4
010b 10b or 11b 1 -1
011b 10b or 11b 2 -2
100b 10b or 11b 4 -4
101b 10b or 11b 10 -10
110b 10b or 11b 20 -20
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Shutdown Enable (Serial, Parallel)

When the SHDN bit of the LMP8358 register is set to 1b the part is put into shutdown mode. It will use less than
1pA in this state.

Table 11. Shutdown (Register bit 9)

SHDN Mode
0 Active mode
1 Shutdown mode

Filter and External Filter Capacitor (Serial)

The FILT bit controls the state of switch S2 shown in the Block Diagram. When G[2:0] = 000b to 110b, switch S2
will be open if FILT = Ob and S2 will be closed if FILT = 1b. When G[2:0] = 111b switch S2 is always closed and
does not depend on the value in the FILT bit.

When FILT = 1b and COMP[2:0] = 1xxb the LMP8358 is unity-gain stable and an external filter cap can be
applied as shown in Figure 53. The corner filter of the filter is:

F-3dB = l/(ZWRFILTERCFILTER) (2)
ReLter depends on the gain of the part and is shown inTable 13.

Table 12. Filter (Register bit 10)

FILT Mode
0 No external filter cap used
1 External filter cap used
Table 13. Rg 1er Value
Gain ReiLteR Value
10 18.5 kQ
20 112 kQ
50 168 kQ
100 187 kQ
200 1.12 MQ
500 1.68 MQ
1000 1.87 MQ
User-Defined Gain External Resistor R1

The tolerance of the R ter Value for the pre-defined gains is about +3%. If an external filter cap is not used
FILT should be set to Ob to prevent errors related to leakage currents on the FB pin.
Fault Detection Pin and Current Setting (Serial)

The LMP8358 has an internal current source that can be used to detect faults in the overall system. See the
FAULT DETECTION METHODS Section. When PIN = 0b this current source is connected to the +IN pin. When
PIN = 1b the current source is connected to the —IN pin.

Table 14. Pin Current Source (Register bit 11)

PIN Current source is connected to

0 +IN pin

1 =IN pin
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The Fault Detection Current bit, CUR[2:0] controls the amount of current that sent to the input pin as shown in
Table 15.

Table 15. Fault Detection Current Source (Register bits 14:12)

CUR2 CUR1 CURO

0 0 0 disconnected and powered down *
0 0 1 10 nA

0 1 0 100 nA

0 1 1 1 pA

1 0 0 10 A

1 0 1 100 pA

1 1 0 disconnected, but powered *

1 1 1 Do Not Use

* Leaving the fault detection current source powered allows it to switch between current levels faster, particularly
when supplying currents less than 1 pA.

FAULT DETECTION METHODS

Using the Multiplexer, Polarity, and Current features the end user can detect faults in the system between the
sensor and the LMP8358. These examples will use the set up shown in Figure 54 which shows a bridge sensor
connected through some cabling to a supply and the LMP8358. The fault detection methods are described
below.

+5V

2.5V v

I 2.5V

Figure 54. Bridge Connected to the LMP8358 With No Problems

Common Mode Out of Range

Figure 55 shows an example of a degraded connection between the bottom of the bridge and ground. This fault
is shown by the 1.5 kQ resistor placed between the bridge and ground. This will raise the common mode at the
inputs of the LMP8358 to 4V, which is out of the CMVR. To determine the common mode voltage at the input
pins, use the 1/50 feature by setting MUX][1:0] to 10b to test the +IN pin or to 11b to test the —IN pin, POL to Ob,
and G[2:0] to 010b for a gain of 50 (0082x or 00C2x). This will give an overall gain of 1 and the output will read
4V for either MUX setting.

Y -

Figure 55. Degraded Connection Between the Bottom of the Bridge and Ground
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Open Input

Figure 56 shows an example of an open input fault. To sense this type of fault use the 1/50 feature by setting
MUX][1:0] to 10b to test the +IN pin or to 11b to test the —IN pin, POL to Ob, PIN to 1b to test the —-IN pin, and
G[2:0] to 010b for a gain of 50, and inject 100pA current by setting CUR[2:0] = 101b (5082x or 58C2x). Since the
input is open the input pin will be pulled to V+. With an overall gain of 1 the output will read 5V for open input.

+5V
100 pA

5V v

Figure 56. Open Input

Input Shorted to V+ or V-

Figure 57 shows an example of an input pin shorted to V+ or V-. To sense this fault, use the 1/50 feature by
setting MUX[1:0] to 10b to test the +IN pin or to 11b to test the —IN pin, POL to Ob, and G[2:0] to 010b for a gain
of 50 (0082x or 00C2x). This will give an overall gain of 1 and the output will read either V+ or V- depending on

whether the input pin is shorted to V+ or V-.

+5V

+
a
<

+
5V or GND v

<--{--->

@

=z

—0C
z

Figure 57. Input Shorted to V+ or V-

Shorted Inputs

Figure 58 shows the inputs of the LMP8358 shorted. To detect this fault set CUR[2:0] = 101b to inject a 100pA
current and set the gain to 10x (5000x). The LMP8358 is set up with normal differential inputs. The output will
read about 0.07V because of the voltage drop across the internal ESD resistor, which has a value between 60Q
to 90Q. If the gain is set to 100x with an injected current of 100uA the output will be about 0.7V.

Figure 58. Shorted Inputs
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Degraded Input Line

Figure 59 shows an example of a degraded connection between the bridge and the +IN pin of the LMP8358.
This fault is shown by the 1 kQ resistor placed between the bridge and the LMP8358. To detect this fault use the
1/50 feature by setting MUX[1:0] to 10b to test the +IN pin, POL to Ob, and G[2:0] to 010b for a gain of 50. This
will give an overall gain of 1. Set CUR[2:0] = 101b to inject a 100pA current and read the output voltage (5082x).
Next set MUX[1:0] to 11b and PIN to 1b to test the —IN pin as shown in Figure 60 and read the output (58C2x). If
the voltages of these two measurements are different a degraded input fault exists.

Degraded Input Line, Step 1

+5V

Figure 60. Degraded Input Line, Step 2

Fault Detection Example

Using the fault detection features of the LMP8358 an end product, such as a scale, can periodically test that no
damage has occurred to the system. A routine can be written that could, for example, run on start up, that will
step through the fault detection features shown above and compare the output voltage to a table like that shown
in Table 16. If the circuit shown in Figure 54 is used the values shown in column 2 of Table 16 would show that
the system is working correctly, the values in the columns under the Possible Faults heading would show that
there is a potential problem and that operator attention is needed.

Table 16. Fault Detection Matrix

No Faults Possible Faults

LMP8358 Vout Vout Possible Cause Vout Possible Cause Vout Possible Cause

Register

00 82x 2.5V Vout < CMVR or Input is out of Vv* +IN shorted to V* | OV +IN shorted to
Vout > CMVR CMVR GND

00 C2x 2.5V Vout < CMVR or Input is out of vt -IN shorted to V+ |0V -IN shorted to
Vout > CMVR CMVR GND

50 00x 0.61V Vvt +IN Open 0.07v Inputs shorted

50 03x 497V Vvt -IN 0.7v Inputs shorted

50 82x 2.55V 2.65Vv* Degraded +IN line

58 C2x 2.55V 2.55Vv* Degraded +IN line

50 82x 2.55V 2.55Vv* Degraded -IN line
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Table 16. Fault Detection Matrix (continued)
| 58 C2x | 2.55v | 2.65v+ | Degraded -IN line | | | | |

* The values shown for a degraded input line will vary depending on the resistance in the line. This table uses
the value in Figure 59 and Figure 60, 1kQ.

START UP AND POWER ON RESET

During power on, 50us after V¥ — V™ > 1V the LMP8358 resets the internal register to 0000x. If the digital
supplies and inputs are undefined after the Power On Reset transients could occur which can cause erroneous
data to be written over the default values in the register. The following should be done to prevent this from
happening:

« Bring all supplies up at the same time. All power supplies, analog and digital, should be brought up together
within 40ps so that the supplies are not undefined after the Power On Reset at 50us. This is easiest done by
tying the VHSER/VLPAR and VLSER/VHPAR pins to the analog supplies. — Parallel Mode

* Immediately after power on, write to the register the value needed for the application. (This is always
recommended.) — Serial Mode

LAYOUT

The LMP8358 is a precision device that contains both analog and digital sections as shown in the Block
Diagram. The PCB should be carefully designed to minimize the interaction between the analog and digital
sections and to maximize the performance of the part. This should include the following:

0.1pF ceramic capacitors should be placed as close as possible to each supply pin. If a digital supply pin is tied
to an analog pin only one 0.1pF capacitor is needed for both pins. A larger 1uF or 10pF capacitor should be
located near the part for each supply.

Digital and analog traces should be kept away from each other. Analog and digital traces should not run next to
each other, if they do the digital signal can couple onto the analog line. The LMP8358 pinout is set up to simplify
layout by not having analog, power, and digital pins mixed together. Pins 1 — 6 are the analog signals, pins 7 —
10 are the power pins, and pins 11 — 14 are the digital signals.

Be aware of the signal and power return paths. The return paths of the analog, digital, and power sections should
not cross each other and the return path should be underneath the respective signal or power path. The best
PCB layout is if the bottom plane of the PCB is a solid plane.

The REFF and REFS pins are connected to the bottom side of the gain resistors of the LMP8358 as shown in
the Block Diagram. Any impedance on these pins will change the specified gain. If the REFF and REFS pins are
to be connected to ground they should be tied directly to the ground plane and not through thin traces that can
add impedance. If the REFF and REFS pins are to be connected to a voltage, the voltage source must be low
impedance. This can be done by adding an op amp, such as the LMP7701, set up in a buffer configuration with
the LMP7701 output connected to REFF, the negative input of the op amp connected to REFS, and the desired
reference voltage connected to the positive input of the op amp as shown in Figure 61.

DIFFERENTIAL BRIDGE SENSOR

Non-amplified differential bridge sensors, which are used in a variety of applications, typically have a very small
differential output signal. This small signal needs to be accurately amplified before it can be used by an ADC.

The high DC performance of the LMP8358 makes it a good choice for use with a differential bridge sensor. This
performance includes low input offset voltage, low input offset voltage drift, and high CMRR. The on chip EMI
rejection filters available on the LMP8358 help remove the EMI interference introduced to the signal as shown in
Figure 61 and improves the overall system performance.

The circuit in Figure 61 shows a signal path solution for a typical bridge sensor using the LMP8358. The typical
output voltage of a resistive load cell is 2mV/V. If the bridge sensor is using a 5V supply the maximum output
voltage will be 2mV/V x 5V = 10mV. The bridge voltage in this example is the same as the LMP8358 and
ADC161S626 supply voltage of +5V. This 10mV signal must be accurately amplified by the LMP8358 to best
match the dynamic range of the ADC. This is done by setting the gain of the LMP8358 to 200 which will give an
output from the LMP8358 of 2V. To use the complete range of the ADC161S626 the Vg of the ADC should be
set to half of the input or 1V. This is done by the resistor divider on the Vgge pin of the ADC161S626. The
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negative input of the ADC and the REFF and REFS pins of the LMP8358 can be set to +2.5V to set the signal at
the center of the supply. A resistor divider supplies +2.5V to the positive input of an LMP7701 set up in a buffer
configuration. The LMP7701 acts as a low impedance source for the REFF pin. The V,gand VHSER/VLPAR pins
should all be set to the same voltage as the microcontroller, +3.3V in this example. The VLSER/VHPAR pin
should be connected to ground. The resistor and capacitor between the LMP8358 and the ADC161S626 serve a
dual purpose. The capacitor is a charge reservoir for the sampling capacitor of the ADC. The resistor provides
isolation for the LMP8358 from the capacitive load. The values listed in the ADC161S626 datasheet are 180Q for
the resistor and the 470pF for the capacitor. These two components also form a low pass filter of about 1.9MHz.
If a filter is needed to attenuate disturbance from the internal auto—zeroing at 12kHz and the ping—pong
frequency at 50kHz of the LMP8358 these values could be changed to 7870Q and 0.01pF which will make a filter
with a corner of about 2kHz.

+5V +5V +3.3V
0.1uF 10puF 0.1pF 10uF 0.1pF 10pF
+ 1 T < -
EMI .
%
IT 1 IT IT
1 = = c = I = = = =
7 out
6 MV > /+Va Vio oK
NY, R ADC1615626 DOUT
B - VREr CSB MICRO
5|2 5V CONTROLLER
VHSER/VLPAR REEF
+3.3V —————18 4 1
VLSERVHPAR REFS 100pF 8k
e TR
VBRIDGE — = 0.1 pF
= LMP8358
SDIGL SDO/GO 2k I
13 14— =
MICRO SCK/G2 =
L CONTROLLER 12 1
cse/sHON] | LMP7701 By
9
Vl
Figure 61. Differential Bridge Sensor
32 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated

Product Folder Links: LMP8358


http://www.ti.com/product/lmp8358?qgpn=lmp8358
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSB09A&partnum=LMP8358
http://www.ti.com/product/lmp8358?qgpn=lmp8358

13 TEXAS
INSTRUMENTS

PACKAGE OPTION ADDENDUM

www.ti.com 24-Jan-2013

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @

LMP8358MA/NOPB ACTIVE SOIC D 14 55 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LMP8358 m
& no Sh/Br) MA

LMP8358MAX/NOPB ACTIVE SoIC D 14 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LMP8358 m
& no Sh/Br) MA

LMP8358MT/NOPB ACTIVE TSSOP PW 14 94 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LMP835 m
& no Sh/Br) 8MT

LMP8358MTX/NOPB ACTIVE TSSOP PW 14 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LMP835 m
& no Sh/Br) 8MT

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Only one of markings shown within the brackets will appear on the physical device.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LMP8358MAX/NOPB SoIC D 14 2500 330.0 16.4 65 | 935 | 23 8.0 16.0 Q1
LMP8358MTX/NOPB | TSSOP PW 14 2500 330.0 12.4 6.95 | 8.3 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMP8358MAX/NOPB SoIC D 14 2500 349.0 337.0 45.0
LMP8358MTX/NOPB TSSOP PW 14 2500 349.0 337.0 45.0
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE
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0.244 (6,20)
0.228 (5,80)
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\ 0.150 (3,80) A
| |
sl R s R
1 7
Pin 1 0.020 (0,51)
Index Area 0.050 (1,27) m
[-6-]0.010 (0,25) @]
/ \ A\ \
v R v \ J \ ; / k
0.010 ( \ e
— 0.069 (1,75) Max 0.004 (0.10) 004
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4040047-5/M  06/11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

.

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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MECHANICAL DATA

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

omg o -
— 075
4§ 0,50
| | = |
vy L i Seating Plane # J_\ /_L
0,15 N
L 1,20 MAX 00E O,WO

4040064-3/G 02/

NOTES: A
B.

E.

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications
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Microcontrollers
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Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
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Security
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