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LMP860x, —22V to 60V, Bidirectional Current Sense Amplifier With In-Line Filter
Capability

1 Features

* Wide operational commonmode voltage range:
— AtVg=3.3V: 4V to 27V
— AtVg=5V: =22V to 60V

« CMRR: 90dB Minimum

* In-line filter capability for signal conditioning

* TCVgs: £10pV/°C Maximum

* Input Offset Voltage: £1mV Maximum

» Single-Supply Bidirectional Operation

* Gain = 20x for LMP8601

* Gain = 50x for LMP8602

* Gain = 100x for LMP8603

2 Applications

» Scientific & Analytical Instrumentation
» Electronic Lab Equipment

« DC/DC Converter

* Linear Motor Power Stage

* Intel Server

« Off-Highway Vehicle

* Field Transmitter & Sensor

Inductive
Load

48V

3 Description

The LMP8601, LMP8602, and LMP8603 devices are
fixed-gain, precision current-sense amplifiers (also
referred to as current-shunt monitors). The input
common-mode voltage range is —22V to +60V when
operating from a single 5V supply, or -4V to +27V
with a 3.3V supply. The LMP860x are parts designed
for unidirectional and bidirectional current sensing
applications.

These devices have a precise gain of 20x (LMP8601),
50x (LMP8602), and 100x (LMP8603), and are
adequate in most targeted applications to drive an
ADC to full-scale value. The fixed gain is achieved in
two separate stages: a preamplifier with a gain of 10x
and an output stage buffer amplifier with a gain of 2x
(LMP8601), 5x (LMP8602), or 10x (LMP8603). The
path between the two stages is brought out on two
pins to enable the option of an additional filter network
or modifying the gain.

The offset input pin enables these devices for
unidirectional or bidirectional single supply voltage
current sensing.

Package Information

PART NUMBER PACKAGE(") PACKAGE SIZE®@)
LMP860x D (SOIC, 8) 4.90mm x 6.00mm
LMP8602
LMP8603 DGK (VSSOP, 8) |3.00mm x 4.90mm

(1)  For more information, see Section 10.
(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

Inductive
Load

Typical Applications

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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Figure 4-1. D Package 8-Pin SOIC Top View
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Figure 4-2. DGK Package 8-Pin VSSOP Top View

Table 4-1. Pin Functions

e PIN = TYPE(") DESCRIPTION
A1 3 (6] Preamplifier output

A2 4 | Input from the external filter network and, or A1
GND 2 P Power ground

+IN 8 | Positive input

-IN 1 | Negative input

OFFSET 7 | DC offset for bidirectional signals

ouT 5 O Single-ended output

Vs 6 P Positive supply voltage

(1) 1= Input; O = Output; P = Power
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5 Specifications
5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)("

MIN MAX UNIT

Supply Voltage (Vs) (Vs — GND) -0.3 6 \
Analog Inputs, Vi, Vi @ Common-mode -25 65 \Y

Differential (Vin+) — (ViN-) -82 82 \Y
A1, A2, OFFSET and OUT pins (GND -0.3) (Vs +0.3) \
Ta Ambient temperature -55 125 °C
T, Junction temperature 150 °C
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) VIN+ and VIN- are the voltages at the IN+ and IN—

5.2 ESD Ratings

pins, respectively.

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/ +2000
JEDEC JS-001, all pins except 1 and 8"
V(esp) Electrostatic discharge Tll;g]Eag Sg?goq]?gﬁs(??rﬁg%r ANSIESDA +4000 \Y
Charged device mod_el (CDM), per ANSI/ESDA/ +1000
JEDEC JS-002, all pins(?
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
Vs Operating supply range 3 5.5 \%
VoFFSET OFFSET Voltage 0 Vs \
Ta Ambient temperature —40 125 °C
5.4 Thermal Information
LMP860x Pooa
THERMAL METRIC(") D (SOIC) DGK (VSSOP) UNIT
8 PINS 8 PINS
Rgua Junction-to-ambient thermal resistance 128.93 1711 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 68.3 64.1 °C/W
Rgys Junction-to-board thermal resistance 72.7 91.1 °C/W
Wr Junction-to-top characterization parameter 17.76 9.4 °C/W
Y5 Junction-to-board characterization parameter 72.07 89.7 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

note.
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5.5 Electrical Characteristics: Vg = 3.3V

at Ty =25 °C, Vg =3.3V, GND =0V, Vcum = Vg/2, OFFSET = GND, R = No Load (unless otherwise noted)

PARAMETER \ TEST CONDITIONS | mN TYP  MAX| UNIT
INPUT
Vewm Common-mode input range(") Ta =-40°C to +125°C —4 27 \Y
Input impedance common-mode, -4V <Vem <27V, 295
Rey DGK package -4V < Vg < 27V, Ta= -40°C to +125°C 250 350 Q
Input impedance common-mode -4V <Vey <27V, 450
D package -4V < Vg < 27V, Ta = -40°C to +125°C 250 650
Input impedance differential-mode, -4V <Vgy <27V, 590
Rox DGK package -4V < Vg < 27V, T = -40°C to +125°C 500 700 o
Input impedance differential-mode -4V <Vey <27V, 900
D package -4V < Vg < 27V, Ta = -40°C to +125°C 500 1300
Vem = Vs /2, +0.15 +1
Vos Offset voltage, input referred mV
Ta=-40°C to +125°C -2 2
dV,e/dT | Offset voltage drift Ta=-40°C to +125°C +10| pv/°C
pSRR | Power supply rejection ratio, input Vem=Vs/2,3.0V sVg<3.6V, +50 wy
referred Ta = -40°C to +125°C +320
OUTPUT
LMP8601 19.9 20 201
Ay Total gain LMP8602 49.75 50 50.25 VIV
LMP8603 99.5 100 100.5
Gain error 0.5 %
Gerr - - . . o
Gain error drift Ta=-40°C to +125°C +2.7 +20| ppm/°C
Maximum capacitive load |l’\lec;iztjosrtained oscillations, no isolation 100 oF
FREQUENCY RESPONSE
BW Bandwidth 60 kHz
SR Slew rate (Rising) OFFSET = Vg/2, Vgense = £0.165V 0.7 Vigs
Slew rate (Falling) OFFSET = Vg/2, Vgense = 20.165V 0.7
NOISE
0.1Hz - 10Hz, 6 sigma 16.4 WVp.p
Ven Input-referred voltage noise
1kHz 830 nV/\Hz
POWER SUPPLY
1 mA
Is Supply current
Ta=-40°C to +125°C 0.45 1.3 mA
REFERENCE
. . LMP8601 +0.15 +0.50
o ofstscalnaeousr | ypacz
LMP8603 +0.45 1.5
PREAMPLIFIER
2V < Vgy < 24V, 96
CMRR ?e?gggn-mode rejection ratio, input ;2=V1<k:zCM <24V, Tp=-40°C to +125°C 86 ” 4B
f=10kHz 85
K1 Preamplifier gain 9.95 10.0 10.05 VIV
Vos_p Preamplifier offset voltage, input referred |Vgy = Vs /2 +0.15 +1 mV
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at Ty =25 °C, Vg =3.3V, GND =0V, Vcum = Vs/2, OFFSET = GND, R = No Load (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
R P lifi tput i d ist 100 kQ
1 reamplifier output impedance resistor
F-INT P putimp Tp=-40°C to +125°C 99 101
TCReNT (F;:i?tampllﬁer output impedance resistor Tp = -40°C to +125°C +5 50| ppm/°C
Swing to Vs (Power supply rail), 3.25 v
R_ =No Load Ta=-40°C to +125°C 3.2
A1 Vour P
Swing to ground, R; = No Load mV
Ta=-40°C to +125°C 10
OUTPUT BUFFER
v Buffer Stage input offset voltage, input |0V SVem S Vg 0.5 t2 "y
B referred 0V <Vey< Vs, Ta=-40°C to +125°C +25
LMP8601 1.99 2 2.01
K2 Output buffer gain LMP8602 4.975 5 5.025| VNV
LMP8603 9.95 10.0 10.05
+2 pA
g B Input bias current of A2
- Ta=-40°C to +125°C 120 nA
LMP8601 4
LMP8601, Tp = -40°C to +125°C 20
LMP8602 10
Swing to ground, R, = 100kQ to Vs mV
LMP8602, Tp = -40°C to +125°C 40
A2 Vour
LMP8603 10
LMP8603, Tp = -40°C to +125°C 80
Swing to Vs (Power supply rail), 3.29 v
R = 100kQ to ground Ta=-40°C to +125°C 3.28
Sourcing, Viny = Vs, Vout = GND -60 -38 -25
Isc Output short-circuit current 9. N S Tout mA
Sinking, V\y = GND, Voyt = Vs 30 46 65
(1) Common-mode voltage at both V. and Viy. must not exceed the specified common-mode input range.
5.6 Electrical Characteristics: Vg = 5V
at Ta =25 °C, Vg =5V, GND =0V, Vgum = Vs/2, OFFSET = GND, R = No Load (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
INPUT
Vem Common-mode input range(!) Tp = -40°C to +125°C -22 60 \%
0V < Vcm < 60V, 295
Input impedance common-mode, OV < Vgm < 60V, Ta = -40°C to +125°C 250 350
DGK package -20V < Vg < 0V, 193
-20V <Vcy <0V, Ta=-40°C to +125°C 165 250
Rem kQ
())YAS VCM < GOV, 450
Input impedance common-mode 0V <Vcy < 60V, To=-40°C to +125°C 250 650
D package =20V < Vgy <0V, 450
-20V <Vcy <0V, To=-40°C to +125°C 250 650
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at Tp =25 °C, Vg =5V, GND =0V, Vcm = Vs/2, OFFSET = GND, R = No Load (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
0V <Vem < 60V, 590
Input impedance differential-mode, 0V < Ve < 60V, Tp =-40°C to +125°C 500 700
DGK package =20V < Vg < 0V, 386
-20V <Vgy <0V, To=-40°C to +125°C 300 500
Rom kQ
0V <Vem <60V, 900
Input impedance differential-mode 0V < Vg < 60V, Ta = -40°C to +125°C 500 1300
D package -20V < Vg < 0V, 900
-20V <Vey <0V, Ta=-40°C to +125°C 500 1300
Vem =Vs /2, 10.15 +1
Vos Offset voltage, input referred mV
Ta=-40°C to +125°C -2 2
dV,/dT |Offset voltage drift Ta=-40°C to +125°C +10| pVv/°C
pSRR | Power supply rejection ratio, input Vom =Vs/2,4.5V < Vg <55V, +32 HVIV
referred Ta = -40°C to +125°C +320] pVvIv
OUTPUT
LMP8601 19.9 20 201
Ay Total gain LMP8602 49.75 50 50.25| VNV
LMP8603 99.5 100 100.5
Gain error 0.5 %
GerrR - - . . o
Gain error drift Ta=-40°C to +125°C +2.8 +20| ppm/°C
Maximum capacitive load No.sustalned oscillations, no isolation 100 oF
resistor
FREQUENCY RESPONSE
BW Bandwidth 60 kHz
Slew rate (Rising) OFFSET = Vg, Vgense =1 0.25V, 0.83
SR - Vius
Slew rate (Falling) OFFSET = Vs, Vgense =+ 0.25V, 0.83
NOISE
0.1Hz - 10Hz, 6 sigma, 17.5 uVp.p
Ven Input-referred voltage noise
1 kHz, 890 nV/AHz
POWER SUPPLY
[ Suppl t 1 A
u curren m
S i Tp=-40°C to +125°C 0.45 15
REFERENCE
LMP8601 +0.15 +0.50
Midscale offset scaling accuracy o
(Reference Divider Accuracy) LMP8602 *0.25 *1 %
LMP8603 +0.45 1.5
PREAMPLIFIER
-20V < Vgy < 60V, 105
- iecti io. i -20V < Vey <60V, Tp=-40°C to +125°C 90
CMRR Common-mode rejection ratio, input CM A dB
referred f=1kHz 96
f=10kHz 83
K1 Preamplifier gain 9.95 10.0 10.05 VIV
Vos p Preamplifier offset voltage, input referred |Vcy =Vs/ 2, +0.15 +1 mV
R P lifi tput i d ist 100 kQ
x reamplifier output impedance resistor
F-INT P putimp Tp=-40°C to +125°C 99 101
TCReNT (I;’rr;ztampllﬂer output impedance resistor Tp = -40°C to +125°C +5 50| ppm/°C
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at Tp =25 °C, Vg =5V, GND =0V, Vcm = Vs/2, OFFSET = GND, R = No Load (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
2
Swing to ground, R = No Load mV
Ta=-40°C to +125°C 10
A1 Vour
A1 Swing to Vs (Power supply rail), 4.985 v
R = No Load Ta = -40°C to +125°C 4.95
OUTPUT BUFFER
v Buffer Stage input offset voltage, input |0V =Vems Vs +0.5 4 iy
0B referred 0V <Voy Vs, Ta=-40°C to +125°C +25
LMP8601 1.99 2 2.01
K2 Output buffer gain LMP8602 4.975 5 5.025| VIV
LMP8603 9.95 10.0 10.05
+2 pA
I B Input bias current of A2
- Ta=-40°C to +125°C +20 nA
LMP8601 4
LMP8601, Tp = -40°C to +125°C 20
LMP8602 10
Swing to ground, R = 100kQ to Vs mV
LMP8602, Tp = -40°C to +125°C 40
A2 Vour
LMP8603 10
LMP8603, Tp = -40°C to +125°C 80
Swing to Vs (Power supply rail), 4.99 Vv
R. = 100kQ to ground Ta=-40°C to +125°C 4.98
Sourcing, VN = Vs, Vour = GND -60 -42 -25
Isc Output short-circuit current — 9. Tin = Ts: Tour mA
S|nk|ng, VN = GND, Vout = Vs 30 48 65

(1) Common-mode voltage at both V. and V5. must not exceed the specified common-mode input range.
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5.7 Typical Characteristics

at Tp = 25°C, Vg =5V, GND =0V, Vecum = Vs/2, OFFSET = Vg, R = No Load (unless otherwise noted)

Figure 5-3. Input Bias Current Over Temperature
(+IN and —IN pins) at Vg = 3.3V
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Figure 5-4. Input Bias Current Over Temperature
(+IN and —IN pins) at Vg = 3.3V
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Figure 5-6. Input Bias Current Over Temperature
(+IN and -IN pins) at Vg = 5V
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Figure 5-62. CMRR vs Temperature
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6 Detailed Description
6.1 Overview

The LMP860x are fixed gain differential voltage precision amplifiers, with a —22V to +60V input common-mode
voltage range when operating from a single 5V supply, or a -4V to +27V input common-mode voltage range
when operating from a single 3.3V supply. The LMP8601 has a gain of 20x, the LMP8602 has a gain of 50x, and
the LMP8603 has a gain of 100x.

The LMP860x is a member of the LMP family and is designed for unidirectional and bidirectional current sensing
applications. Because of the proprietary chopping level-shift input stage, the LMP860x device achieves very
low offset, very low thermal offset drift, and very high CMRR. The LMP860x amplify and filter small differential
signals in the presence of high common-mode voltages.

The LMP860x device uses level shift resistors at the inputs. Because of these resistors, the LMP860x device
can easily withstand very large differential input voltages that can exist in fault conditions where some other less
protected high-performance current sense amplifiers can sustain permanent damage.

6.1.1 Theory of Operation
The schematic shown in the Section 6.2 gives a basic representation of the internal operation of the LMP860x.

The signal on the input pins is typically a small differential voltage developed across a current sensing shunt
resistor. The input signal can also appear at a high common-mode voltage. The input signals are accessed
through two input resistors that change the voltage into a current. The proprietary chopping level-shift current
circuit pulls or pushes current through the input resistors to bring the common-mode voltage behind these
resistors within the supply rails.

Subsequently, the signal is gained up by a factor of 10 and brought out on the A1 pin through a trimmed 100kQ
resistor. In the application, additional gain adjustment or filtering components can be added between the A1
and A2 pins as explained in subsequent sections. The signal on the A2 pin is further amplified by a factor of 2
(LMP8601), 5 (LMP8602), or 10 (LMP8603), and brought out on the OUT pin.

6.2 Functional Block Diagram

Vs OFFSET
- 6 07T Tf 3
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N 1o :
[}
o——1 W\ ]
| Preamplifier Output Buffer 5 ouT
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NOTE: K2 = 2 for LMP8601; 5 for LMP8602; or 10 for LMP8603.
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6.3 Feature Description
6.3.1 Offset Input Pin

The OFFSET pin allows the output signal to be level-shifted to enable bidirectional current sensing. The output
signal is bidirectional and mid-rail referenced when the offset pin is connected to the positive supply rail. With the
offset pin connected to ground, the output signal is unidirectional and ground-referenced.

The signal on the A1 and OUT pins is ground-referenced when the offset pin is connected to ground. This
means that the output signal can only represent positive values of the current through the shunt resistor, so only
currents flowing in one direction can be measured.

When the offset pin is tied to the positive supply rail, the signal on the A1 and OUT pins is referenced to a
mid-rail voltage which allows bidirectional current sensing. The operation of the amplifier is fully bidirectional
and symmetrical around OV differential at the input pins. The signal at the output follows this voltage difference
multiplied by the gain and at an offset voltage at the output of half Vg.

When the offset pin is connected to an external voltage source, the output signal is level shifted to that voltage
divided by two. In principle, the output signal can be shifted to any voltage between 0 and Vg / 2 by applying
twice that voltage to the OFFSET pin. The OFFSET pin must be driven from a very low-impedance source
(< 10Q). This low source impedance is required because the OFFSET pin internally connects directly to the
resistive feedback networks of the two gain stages. When the OFFSET pin is driven from a relatively large
impedance (for example, a resistive divider between the supply rails), accuracy decreases.

Examples:

* LMP8601 : A 5V supply, a gain of 20x, OFFSET pin tied to Vg, and a differential input signal of 10mV results
in 2.7V at the output pin. Similarly, —10mV at the input results in 2.3V at the output pin.

* LMP8602 : A 5V supply, a gain of 50x, and a differential input signal of 10mV results in 3.0V at the output pin.
Similarly, =10mV at the input results in 2.0V at the output pin.

+ LMP8603 : A 5V supply, a gain of 100x, and a differential input signal of 10mV results in 3.5V at the output
pin. Similarly, —10mV at the input results in 1.5V at the output pin.
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6.3.2 Additional Second-Order Low-Pass Filter

The LMP86x1 have a third-order Butterworth lowpass characteristic with a typical bandwidth of 60kHz integrated
in the preamplifier stage. The bandwidth of the output buffer can be reduced by adding a capacitor on the A1
pin to create a first-order low-pass filter with a time constant determined by the 100kQ internal resistor and the
external filter capacitor.

Creating an additional second-order is also possible, Sallen-Key, low-pass filter by adding external components
R,, C1 and C,. Together with the internal 100kQ resistor R4 as illustrated in Figure 6-1, this circuit creates a
second-order, low-pass filter characteristic.

OFFSET
7
+IN |8
Level i 5
i Preamplifier Output Buffer ouT
AN |1 | shift || Gain =K1 Gain = K2
Internal R4
100 kQ
3 4
A1 A2
+ -
R
2 C —
Co
[ |

[
NOTE: K1 = 10; K2 = 2 for LMP8601; 5 for LMP8602; or 10 for LMP8603.

Figure 6-1. Second-Order Low-Pass Filter

When the corner frequency of the additional filter is much lower than 60kHz, the transfer function of the
described amplifier can be written as:

1
K1 Kommyorey

1)
2 1 1 1-Kp 1 (
STHsx RiCz T RpC T Ry | T RRyGG;

H(s) =

where
* K equals the gain of the preamplifier and K that of the buffer amplifier.
Equation 1 can be written in the normalized frequency response for a second-order lowpass filter:
K
Gjo) = Ky x —5—2— (2)
)=, Jo 44
u)% wo
The cutoff frequency w,, in rad/sec (divide by 21 to get the cut-off frequency in Hz) is given by:

1

wo = +R1R2C1Cy (3)

and the quality factor of the filter is given by:
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Q= yR1R2C1C 4
- R1C1 + RpCq + (1 - Kz) X R1Cy ( )
With Ky = 2x, Equation 4 transforms results in:
_ yR1R2C1C 5
Q= R1Cq1 + RpC1 —R1Cy ( )

For any filter gain K > 1x, the design procedure can be very simple if the two capacitors are chosen to in a
certain ratio.

c
Cy= ﬁ (6)

Inserting this in Equation 4 for Q results in:

ci
RiRopo =1

Q= (K2 —1)RqCq (7)
R1Cq +RpCp — —K-1

Which results in:

cf R1R2
R1R2 Ko -1 Kp—1

Q= C1Rp - Ry (8)

In this case, given the predetermined value of R1 = 100kQ (the internal resistor), the quality factor is set solely
by the value of the resistor R,.

R, can be calculated based on the desired value of Q as the first step of the design procedure with the following
equation:

Ry
Ry= ——+— 9
27 k-1 ®)
For the gain of 2 for the LMP8601, the result is:
Ry
Ry, = —= 10
2 Q2 ( )
For the gain of 5 for the LMP8602, the result is:
Rq
Ry = Y (11)
For the gain of 10 for the LMP8603, the result is:
Rq
R, = — 12
2 9Q2 ( )

For instance, the value of Q can be set to 0.5V2 to create a Butterworth response, to 1/V3 to create a Bessel
response, or a 0.5 to create a critically damped response. After the value of R, has been found, the second
and last step of the design procedure is to calculate the required value of C to give the desired low-pass cut-off
frequency using:
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_ (K-10
¢ =522 (13)

For the gain = 2, the result is:

__Q
€= mep (14)

The gain = 5 results in:
€=l (15)
The gain = 10 gives:

9
C1= ngo (16)

For C, the value is calculated with:

C
C2=T11 (17)

For a gain = 2:
C2 = C1 (18)
Or for a gain = 5:

C
Cr=—4 (19)

And for a gain = 10:

C
=9 (20)

Note that the frequency response achieved using this procedure is only accurate if the cut-off frequency of the
second-order filter is much smaller than the intrinsic 60kHz, low-pass filter. In other words, select the frequency
response of the LMP8601 circuit so that the internal poles do not affect the external second-order filter.

6.4 Device Functional Modes
6.4.1 Gain Adjustment

The gain of the LMP860x is fixed; however, the overall gain can be adjusted as the signal path between the two
internal amplifiers is available on the A1 and A2 pins.

6.4.1.1 Reducing Gain
Figure 6-2 shows the configuration that can be used to reduce the gain of the LMP8601.
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OFFSET

+IN18
+
! |Level| | Preamplifier Output Buffer
: 1| shift | | Gain =10 Gain = K2
m:_ Internal

Resistor

NOTE: K2 = 2 for LMP8601; 5 for LMP8602; or 10 for LMP8603.

Figure 6-2. Reduce Gain
R, creates a resistive divider together with the internal 100kQ resistor such that the reduced gain G, becomes:

20R
Gt = RT1o0kn (21)

For the LMP8602:

50R,
Gt = R+ To0kn (22)

And for the LMP8603:

100R,
Gt = R+ Tookn (23)

Given a desired value of the reduced gain G,, using this equation, the LMP8601 required value for the R, is
calculated with:

G
Rp = 100k X 552 (24)

For the LMP8602:

Gr

And for the LMP8603:
Gr

6.4.1.2 Increasing Gain

Figure 6-3 shows the configuration that can be used to increase the gain of the LMP8601.
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+IN 18
— +
! |Level| | Preamplifier Output Buffer -
: 1| shift | [ Gain =10 Gain = K2
—|NI Internal

Resistor
100kQ

3
A1

NOTE: K2 = 2 for LMP8601; 5 for LMP8602; or 10 for LMP8603.

Figure 6-3. Increase Gain

R; creates positive feedback from the output pin to the input of the buffer amplifier. The positive feedback
increases the gain. The increased gain G; for the LMP8601 becomes:

20R;

Gi = R+ Tookn (27)
For the LMP8602:

G = r o (28)
And for the LMP8603:

Gi = Ty 900 (29)
From this equation, for a desired value of the gain, the LMP8601 required value of R; is calculated with:

R; = 100kQ ﬁ (30)
For the LMP8602:

R; = 400kQ X % (31)
And for the LMP8603 with:

R; = 900KQ X ﬁ (32)

Note that from the equation for the gain G;, for large gains, R; approaches 100kQ. In this case, the denominator
in the equation becomes close to zero. In practice, for large gains, the denominator is determined by tolerances
in the value of the external resistor R; and the internal 100kQ resistor. In this case, the gain becomes very
inaccurate. If the denominator becomes equal to zero, the system becomes unstable. TlI recommends to limit the
application of this technique to gain values of 50 or smaller.

6.4.2 Driving Switched Capacitive Loads

Some ADCs load the signal source with a sample and hold capacitor. The capacitor can be discharged prior
to being connected to the signal source. If the LMP860x are driving such ADCs, the sudden current that is
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delivered when the sampling occurs can disturb the output signal. This effect is simulated with the circuit shown
in Figure 6-4 where the output is to a capacitor that is driven by a rail-to-rail square wave.

LMP8601/
LMP8601Q

Figure 6-4. Driving Switched Capacitive Load

This circuit simulates the switched connection of a discharged capacitor to the LMP860x output. The resulting
Vour disturbance signals are shown in Figure 6-5 and Figure 6-6.

05 | 0.4 I
0.4 Vg =3.3V_| Vg =5V
0.2
0.3
. S
0.2 0
g 10pF /
S ’ =~ S -02
= 0 ¥ = et
3 \ 3
> .01 > 04
10pF
0.2 \ 20pF -0.6 I
03 ¥ 20pF
- ‘“~—
04 0.8
0.5 -1.0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
TIME (ns) TIME (ns)
Figure 6-5. Capacitive Load Response at 3.3V Figure 6-6. Capacitive Load Response at 5.0V

These figures can be used to estimate the disturbance that is caused when driving a switched capacitive load.
To minimize the error signal introduced by the sampling that occurs on the ADC input, place an additional RC
filter between the LMP860x and the ADC, as illustrated in Figure 6-7.

Output Buffer

Figure 6-7. Reduce Error When Driving ADCs

The external capacitor absorbs the charge that flows when the ADC sampling capacitor is connected. The
external capacitor must be much larger than the sample-and-hold capacitor at the input of the ADC, and the RC
time constant of the external filter must be such that the speed of the system is not affected.
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7 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

7.1 Typical Applications
7.1.1 High-Side, Current-Sensing Application

Figure 7-1 illustrates the application of the LMP860x in a high-side sensing application. This application is similar
to the low-side sensing discussed below, except in this application the common-mode voltage on the shunt
drops below ground when the driver is switched off. Because the common-mode voltage range of the LMP860x
extends below the negative rail, the LMP860x are also designed for this application.

INDUCTIVE
LOAD

+

Preamplifier
Gain = 10

Level
shift

Output Buffer
Gain = K2

Internal
Resistor

NOTE: For this application example, K2 = 2.

Figure 7-1. High-Side, Current-Sensing Application
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7.1.1.1 Design Requirements

Using the circuit in Figure 7-1, the requirement is to measure coil current up to 10A and drive the ADC input to a
maximum of 3.3V. The OFFSET pin is grounded, so zero current results in a zero volt output.

7.1.1.2 Detailed Design Procedure

First, the value of Rgensg must be determined. Rgense can be found by dividing the maximum desired output
swing by the gain to determine the maximum input voltage. In this example, the LMP8601 is used, with a gain of
20V/V, as shown in Equation 33:

VouTMAX 3.3V
VINMAX = —Gam = Zovyv = 165mV (33)

Knowing 165mV must be generated, the ideal value of the sense resistor can be determined through simple
Ohm's law:

_ VINMAX _ 165mV _
RSENSE = lLOADMAX = 108 16.4mQ (34)

The ideal sense resistor value is 16.5mQ. The closest standard value is 15mQ, but this value can cause
the output to slightly over-range at 10V. Reducing the expected maximum output by a few percentages is
recommended to allow for overloads and component tolerances. The next most popular values are 10mQ,
15mQ, and 20mQ. 10mQ allows for a maximum output of 2V at 10A, but can be too low and not use the
full output range. 20mQ provides more sensitivity, but limits the maximum current to 8.25A. 15mQ is a good
compromise at 11A maximum, and allows for some component tolerance variation.

If a suitable sense resistor value is not available, adjusting the gain is also possible as detailed in the Section
6.4.1 section.

The sense resistor does dissipates power, so the maximum wattage rating and appropriate power deratings
must be observed. In the example above, the sense resistor dissipates 0.165V x 10A = 1.65W, so a sense
resistor of at least twice the maximum expected power must be used (greater than 4W).

7.1.1.3 Application Curve

Below is the expected output value using a 15mQ sense resistor.

5.0 e
/ Vg =5V
4.0 /
s pd
% 3.0
§ y Vg =3.3V
g 2.0 rg
>
e} /
1.0 //
Rsense = 15mQ
00 | | |

0 2 4 6 8 10 12 14 16 18 20
Load Current (A)

Figure 7-2. Expected Output Voltage vs Load Current Using 15mQ Sense Resistor
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7.1.2 Low-Side, Current-Sensing Application

Figure 7-3 illustrates a low-side, current-sensing application with a low-side driver. The power transistor is pulse
width modulated to control the average current flowing through the inductive load which is connected to a
relatively high battery voltage. The current through the load is measured across a shunt resistor Rgensg in series
with the load. When the power transistor is on, current flows from the battery through the inductive load, the
shunt resistor and the power transistor to ground. In this case, the common-mode voltage on the shunt is close
to ground. When the power transistor is off, current flows through the inductive load, through the shunt resistor
and through the freewheeling diode. In this case the common-mode voltage on the shunt is at least one diode
voltage drop above the battery voltage. Therefore, in this application the common-mode voltage on the shunt is
varying between a large positive voltage and a relatively low voltage. Because the large common-mode voltage
range of the LMP860x and because of the high ac common-mode rejection ratio, the LMP860x are very well

suited for this application.
_{:I POWER

SWITCH

____________________QF_F§E_Tl__T_
)
INDUCTIVE | 7

LOAD :

+INI8

+

Preamplifier
Gain =10

Level
1 shift

Output Buffer
Gain = K2

24V Internal
Resistor

100kQ

1+
1
_Z

R SENSE = 0.01Q,K2=2,V ouT = 0.2V/IA

Figure 7-3. Low-Side Current-Sensing Application

For this application, the following example can be used for the calculation of the sense voltage (Vsense):

When using a sense resistor, Rsgnsg, of 0.01Q and a current, | oap, Of 1A, the sense voltage at the input pins of
the LMP860x is:

VSENSE = RSENSE X ILOAD =0.01Q x1A=0.01V (35)

With the gain of 20 for the LMP8601, the result is an output of 0.2V. Or in other words, Voyt = 0.2V/A.
For the LMP8602 with a gain of 50, the output is 0.5V/A.
For the LMP8603 with a gain of 100, the output is 1V/A.
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7.1.3 Battery Current Monitor Application

This application example shows how the LMP860x can be used to monitor the current flowing in and out of a
battery pack. The fact that the LMP860x can measure small voltages at a high offset voltage outside the parts
own supply range makes this part a very good choice for such applications. If the load current of the battery is
higher then the charging current, the output voltage of the LMP860x is above the half offset voltage for a net
current flowing out of the battery. When the charging current is higher then the load current the output is below
this half offset voltage.

100kQ

ICharge ILoad
Charger LOAD
—L— —l—
- Icharge - ILoad Y - —L
OFFSET —
[y A )
] L
] [}
] [}
+IN!38 |
. N :
R : Level| | Preamplifier Output Buffer
% SENSE 1 1| shift | | Gain =10 Gain = K2 |
[}
—IN: Internal ]
l+ | Resistor :
[}
[}

NOTE: K2 = 2 for LMP8601; 5 for LMP8602; or 10 for LMP8603.

Figure 7-4. Battery Current Monitor Application
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7.1.4 Advanced Battery Charger Application

Figure 7-4 can be used to realize an advanced battery charger that has the capability to monitor the exact net
current that flows in and out the battery as show in Figure 7-5. The output signal of the LMP860x is digitized
with the ADC and used as an input for the charge controller. The Charge controller can be used to regulate the
charger circuit to deliver exactly the current that is required by the load, avoiding overcharging a fully loaded
battery.

ILoad
> LOAD 1
Vs
|Charge'|Load ____________________(_)F_F§E_T -
A 4 ) !
| |
| |
| |
|Charge +IN ! 8 + :
! |Level| | Preamplifi Output Buff !
plifier utput butrer |
+ RsENSE ' ,|shit| [ cain="10 Gain = K2 \ AD
|
_|N: Internal |
| Resistor |
|
12v |, ' !
R LA, 1 J
Y
T
L Charge
Charger < Controler

NOTE: K2 = 2 for LMP8601; 5 for LMP8602; or 10 for LMP8603.

Figure 7-5. Advanced Battery Charger Application

7.1.5 Current Loop Receiver Application
Many industrial applications use 4mA to 20mA transmitters to send an analog value of a sensor to a central
control room. The LMP860x can be used as a current loop receiver as shown in Figure 7-6.

Vs
OFFSET‘*
7

+

Preamplifier
Gain =10

4mA to 20mA 5

CURRENT LOOP

Level
shift

Output Buffer
Gain = K2

Internal
Resistor

NOTE: K2 = 2 for LMP8601; 5 for LMP8602; or 10 for LMP8603.

Figure 7-6. Current-Loop Receiver Application
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7.1.6 Power Supply Recommendations

To decouple the LMP860x from AC noise on the power supply, place a 0.1uF bypass capacitor between the Vg
and GND pins. Place this capacitor as close as possible to the supply pins. In some cases, an additional 10uF
bypass capacitor can further reduce the supply noise.

7.1.7 Layout
7.1.7.1 Layout Guidelines

The traces leading to and from the sense resistor can be significant error sources. With small value sense
resistors (< 100mQ), any trace resistance shared with the load current can cause significant errors.

The amplifier inputs must be directly connected to the sense resistor pads using Kelvin or 4-wire connection
techniques. The traces must be one continuous piece of copper from the sense resistor pad to the amplifier input
pin pad, and preferably on the same copper layer with minimal vias or connectors. This can be important around
the sense resistor if the resistor is generating any significant heat gradients.

To minimize noise pickup and thermal errors, the input traces must be treated as a differential signal pair and
routed tightly together with a direct path to the input pins. The input traces must be run away from noise sources,
such as digital lines, switching supplies or motor drive lines. Remember that these traces can contain high
voltage, and must have the appropriate trace routing clearances.

Since the sense traces only carry the amplifier bias current, the connecting input traces can be thinner, signal
level traces. Excessive Resistance in the trace must also be avoided.

The paths of the traces must be identical, including connectors and vias, so that any errors are equal and cancel.

The sense resistor heats up as the load increases. As the resistor heats up, the resistance generally increases,
which causes a change in the readings. The sense resistor must have as much heatsinking as possible to
remove this heat through the use of heatsinks or large copper areas coupled to the resistor pads. A reading
drifting over time after turnon can typically be traced back to sense resistor heating.

7.1.7.2 Layout Example

Load Current Path

\j

PCB - PCB
Source ( Load
Trace Trace

Kelvin Sense ——»
Traces to
Amplifer

Sense Resistor

VSENSE

Figure 7-7. Kelvin or 4-wire Connection to the Sense Resistor
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8 Device and Documentation Support
8.1 Device Support

8.1.1 Development Support
LMP8601 TINA SPICE Model, SNOM084
TINA-TI SPICE-Based Analog Simulation Program, http://www.ti.com/tool/tina-ti

8.2 Documentation Support
8.2.1 Related Documentation

» Texas Instruments, AN-1940 LMP8601 Evaluation Board, EVM user's guide
» Texas Instruments, AN-1940 LMP8601 Evaluation Board, EVM user's guide
8.2.2 Related Links

Table 8-1 lists quick access links. Categories include technical documents, support and community resources,
tools and software, and quick access to sample or buy.

Table 8-1. Related Links

PARTS PRODUCT FOLDER | SAMPLE & BUY St Sop & ComEORT S,
LMP8601 Click here Click here Click here Click here Click here
LMP8601Q1 Click here Click here Click here Click here Click here
LMP8602 Click here Click here Click here Click here Click here
LMP8602Q1 Click here Click here Click here Click here Click here
LMP8603 Click here Click here Click here Click here Click here
LMP8603Q1 Click here Click here Click here Click here Click here

8.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

8.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

8.5 Trademarks
TI E2E™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.

8.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘9 \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

8.7 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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9 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

DATE REVISION NOTES

June 2026 * Initial Release. of this data sheet Commercial device split from
Automotive data sheet (SNOSAR?2).

The LMP860x device is moved from SNOSAR2 "I" revision data sheet to the current standalone datasheet. The
changes from the SNOSAR2 "I" revision to this document are as follows:

Updated the numbering format for tables, figures, and cross-references throughout the document.

Deleted ESD Classification from the Features section.

Updated applications with links in Applications section.

Added Abs Max differential input voltage specification in Absolute Maximum Ratings table.

Deleted Machine Model ESD rating from ESD Ratings table.

Updated Thermal Information for D (SOIC) package in Thermal Information table.

Changed common-mode input impedance for SOIC (D) package in Electrical Characteristics: Vg = 3.3V table.
Changed differential-mode input impedance for SOIC (D) package in Electrical Characteristics: Vg4 = 3.3V
table.

Changed typical input bias current specification in Electrical Characteristics: Vg = 3.3V table.

Changed common-mode input impedance for SOIC (D) package in Electrical Characteristics: Vg = 5V table.
Changed differential-mode input impedance for SOIC (D) package in Electrical Characteristics: V4 = 5V table.
Changed typical input bias current specification in Electrical Characteristics: V4 = 5V table.

Changed Input Bias Current Over Temperature (A2 pin) at VS = 5V curve in Typical Characteristics.

Added Vos Distribution at Vs =3.3V and Vs =5V plots for SOIC (D) package in Typical Characteristics.
Added Vos drift vs Temperature plots for SOIC (D) package in Typical Characteristics.

Added Gain Error Distribution plots for SOIC (D) package in Typical Characteristics.

Added Gain drift vs Temperature plots for SOIC (D) package in Typical Characteristics.

Added CMMR Distribution plots for SOIC (D) package in Typical Characteristics.

Added CMRR drift vs Temperature plots for SOIC (D) package in Typical Characteristics.

Added the Related Documentation section.

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

LMP8601MA/NOPB Obsolete Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 125 LMP86
01MA
LMP8601MAX/NOPB Active Production SOIC (D) | 8 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LMP86
01MA
LMP8601MAX/NOPB.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LMP86
01MA
LMP8602MA/NOPB Obsolete  Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 125 LMP86
02MA
LMP8602MAX/NOPB Active Production SOIC (D) | 8 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LMP86
02MA
LMP8602MAX/NOPB.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LMP86
02MA
LMP8602MM/NOPB Obsolete  Production VSSOP (DGK) | 8 - - Call Tl Call Tl -40 to 125 AN3A
LMP8602MME/NOPB Obsolete  Production VSSOP (DGK) | 8 - - Call Tl Call Tl -40 to 125 AN3A
LMP8602MMX/NOPB Active Production VSSOP (DGK) | 8 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 AN3A
LMP8602MMX/NOPB.A Active Production VSSOP (DGK) | 8 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 AN3A
LMP8603MA/NOPB Obsolete  Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 125 LMP86
03MA
LMP8603MAX/NOPB Active Production SOIC (D) | 8 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LMP86
03MA
LMP8603MAX/NOPB.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LMP86
03MA
LMP8603MM/NOPB Obsolete  Production VSSOP (DGK) | 8 - - Call TI Call Tl -40 to 125 AP3A
LMP8603MME/NOPB Obsolete  Production VSSOP (DGK) | 8 - - Call Tl Call Tl -40 to 125 AP3A
LMP8603MMX/NOPB Active Production VSSOP (DGK) | 8 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 AP3A
LMP8603MMX/NOPB.A Active Production VSSOP (DGK) | 8 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 AP3A

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.
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® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI'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. TI 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.
OTHER QUALIFIED VERSIONS OF LMP8601, LMP8602, LMP8603 :

o Automotive : LMP8601-Q1, LMP8602-Q1, LMP8603-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE
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NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

5. Reference JEDEC registration MO-187.
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EXAMPLE BOARD LAYOUT
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE
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NON-SOLDER MASK SOLDER MASK
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(PREFERRED) SOLDER MASK DETAILS

4214862/A 04/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

+ r 8X (;.4) j

8X (0.45) 1 [ ]

SOLDER PASTE EXAMPLE
SCALE: 15X
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NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT
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NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
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