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1MHz General Purpose, RRIO CMOS Amplifiers

PRODUCT DESCRIPTION

The LMV321 (single), LMV358 (dual) and LMV324 (quad) are general purpose, low offset,
high frequency response and micro power operational amplifiers .With an excellent
bandwidth of 1MHz, a slew rate of 0.8 V/us, and a quiescent current of 85uA per amplifier
at 5V, the LMV321/358/324 family can be designed into a wide range of applications.
The LMV321/358/324 op-amps are designed to provide optimal performance in low
voltage and low power systems. The input common-mode voltage range includes ground,
and the maximum input offset voltage are 3.0mV. These parts provide rail-to-rail output
swing into heavy loads. The LMV321/358/324 family is specified for single or dual power
supplies of +2.1V to +6.0V. All models are specified over the extended industrial temperature

range of -40 'C to +125C.

FEATURES APPLICATIONS

® General Purpose 1.0 MHz Amplifiers, Low Cost e Smoke/Gas/Environment Sensors

¢ High Slew Rate:0.8 V/ps ¢ Audio Outputs

¢ Low Offset Voltage:3.0 mV Maximum e Battery and Power Supply Control

e Low Power:85 pA per Amplifier Supply Current ® Portable Equipments and Mobile Devices
® Unit Gain Stable e Active Filters

¢ Rail-to-Rail Input and Output ¢ Sensor Interfaces

e Operating Power Supply: +2.1 V to +6.0 V
® QOperating Temperature Range: -40°C to +125°C
® ESD Rating: HBM — 4kV, CDM - 2kV

® Battery-Powered Instrumentation
® Medical instrumentation
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Figure 1. Pin Assignment Diagram
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, +Vs 10 -Vs coooiiiiiiiiieeeeeeceee e, A%
Input Common Mode Voltage Range
.................................................... (-Vs) - 0.5V to (+Vs) + 0.5V

Storage Temperature Range ...........ccccoueee... -65°C to +150°C
Junction Temperature..........cccooccviiieeeeieiiieeeeee +160°C
Lead Temperature (Soldering 10sec)......................... +260°C
ESD Susceptibility

HBM. . e 5000V
MM L et 400V
CDM e 2000V

RECOMMENDED OPERATING CONDITIONS
Operating Temperature Range...................... -40°C to +125°C
Note: Stress greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a

stress rating only and functional operation of the device at these or any other conditions outside those indicated in the operational
sections of this specification are not implied. Exposure to absolute maximum rating conditions for extended periods may affect
reliability.

Ordering Information

Type Number Package Name Package Quantity Marking Code

LMV32IM5X-W S0T23-5L Tape and Reel, 3000 V321, A13
LMV32IM7X-W SC70-5L Tape and Reel, 3000 V321,A12
LMV358IDR-W SOIC-8L Tape and Reel, 2500 LMV358
LMV358IDGKR-W MSOP-8L Tape and Reel, 3000 V358
LMV324IDR-W SOIC-14L Tape and Reel, 2500 LMV324
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Electrical Characteristics
Vs=5.0V, Ty=+25°C, V= Vs/2, Vo= Vs/2, and R, = 10kQ connected to Vs/2, unless otherwise noted.
Boldface limits apply over the specified temperature range, T, = —40 to +125 °C.

LMV321,358,324

Symbol Parameter Conditions Min. Typ. Max. Unit
OFFSET VOLTAGE
Vos Input offset voltage +0.7 +3.0 mV
Vs TC Offset voltage drift T, =—40to +125 °C +1 35 uv/°C
Vg=20t055V,Vyy<Vs, — 2V 80 10
PSRR PO'WGI.' suppl'y s cM < Vs dB
rejection ratio T, = =40 to +125 °C 75
INPUT BIAS CURRENT
5 50
Ig Input bias current T,=+85°C 200 pA
T, =+125°C 2000
los Input offset current 10 50 pA
NOISE
v, Input voltage noise f=01%t010 Hz 6 MVp_p
i f=10 kHz 27
e Input_voltage noise nV/vVHz
density f=1kHz 30
I, :jnput_current noise f=1KHz 5 fA/N Hz
ensity
INPUT VOLTAGE
Common-mode
Vew voltage range Vs--01 Vsr01 v
Vg=55V,Vey=-011t05.6V 70 83
Common-mode Vey=0t053V, T, =-40to +125 °C 65
CMRR C X dB
rejection ratio Vg=20V,Vy=-01t0 21V 65 77
Vey=01t021V, T, =-40to +125 °C 60
INPUT IMPEDANCE
. Differential 2.0
Cin Input capacitance pF
Common mode 3.5
OPEN-LOOP GAIN
R =25kQ,V,=0.05t0 3.5V 90 105
A Open-loop voltage Ty = —40 to +125 °C 85 dB
VoL gain R =2k0,Vy=015t035V 85 100
T, = —40to +125 °C 80
FREQUENCY RESPONSE
GBW Gain bandwidth 1.0 MHz
product
SR Slew rate G=+1,C_=100pF,V,=15t035V 1.0 V/us
Total harmonic _ _ _ 0
THD+N distortion + noise G =+1,f=1kHz, Vy=1Vgys 0.003 %
L To 0.1%, G = +1, 1V step 15
tg Settling time us
To 0.01%, G = +1, 1V step 1.8
tor Sr\:‘eerload recovery To 0.1%, V,y * Gain > V¢ 2.5 us
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Electrical Characteristics

ouTPUT
v High output voltage | R =50k0 Vs.-6 Vs.-3 iy
or swing R, =2 k0 Ve,-100  Vg,-65
Vv Low output voltage R =50k0 Vg_+2 Vg _+4
oL i mV
swing R =2k0 Vo +43 Vo _+65
S Source current through 100 40
lsc Short-circuit current — mA
Sink current through 100Q 50
POWER SUPPLY
Ve Operating supply 18 55 Vv
voltage
| Quiescent current 85 120 A
a lifier) _ ° .
(per ampli T, = —40 to +125 °C 150
THERMAL CHARACTERISTICS
T, Operating ~40 +125 °C
temperature range

4 WDJsemiconductor



WL <o 0a

lead-fre¢

Typical Performance characteristics

LMV321,358,324

At T, =+25°C, Vi, = Vs /2, and R, = 10k0 connected to Vs /2, unless otherwise noted.
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Typical Performance characteristics
At T, = +25°C, Vi, = Vs /2, and R, = 10k0 connected to Vs /2, unless otherwise noted.
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Application Note

Size
LMV3XX family series op amps are unity-gain stable and suitable for a wide range of general-purpose applications. Thesmall
footprints of the LMV3XX family packages save space on printed circuit boards and enable the design of smaller
electronic products.
Power Supply Bypassing and Board Layout
LMV3XX family series operates from a single 2.1V to 6.0V supply or dual £1.0V to +3V supplies.For best performance, a
0.1uF ceramic capacitor should be placed close to the Vpp pin in single supply operation. For dual supply operation, both
Vpp and Vss supplies should be bypassed to ground with separate 0.1uF ceramic capacitors.
Low Supply Current
The low supply current (typical 85uA per channel) of LMV3XX family will help to maximize battery life. They are ideal for
battery powered systems.
Operating Voltage
LMV3XX family operates under wide input supply voltage (2.1V to 6V). In addition, all temperature specifications apply
from -40°C to +125°C. Most behavior remains unchanged throughout the full operating voltage range. These guarantees
ensure
operation throughout the single Li-lon battery lifetime.
Rail-to-Rail Input
The input common-mode range of LMV3XX family extends 100mV beyond the supply rails (Vss-0.1V to Vpp+0.1V). This is
achieved by using complementary input stage. For normal operation, inputs should be limited to this range.
Rail-to-Rail Output
Rail-to-Rail output swing provides maximum possible dynamic range at the output. This is particularly important when
operating in low supply voltages. The output voltage of LMV3XX family can typically swing to less than 10mV from supply
rail in light resistive loads (>100kQ), and 60mV of supply rail in moderate resistive loads (10kQ).
Capacitive Load Tolerance
The LMV3XX family is optimized for bandwidth and speed, not for driving capacitive loads. Output capacitance will create a
pole in the amplifier’s feedback path, leading to excessive peaking and potential oscillation. If dealing with load capacitance is
a requirement of the application, the two strategies to consider are (1) using a small resistor in series with the amplifier’s
output and the load capacitance and (2) reducing the bandwidth of the amplifier’s feedback loop by increasing the overall
noise gain.Figure 2 shows a unity gain follower using the series resistor strategy. The resistor isolates the output from the

» capacitance and, more importantly, creates a zero in the feedback path that compensates for the pole created by the output
capacitance.

v c
RISO

A R
IN L
x

Figure 2 Indirectly Driving a Capacitive Load Using Isolation Resistor
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The bigger the Riso resistor value, the more stable Vour will be. However, if there is a resistive load Ry in parallel with the
capacitive load, a voltage divider (proportional to Riso/Ry) is formed, this will result in a gain error.

The circuit in Figure 3 is an improvement to the one in Figure 2. Rr provides the DC accuracy by feed-forward the Vy to R.. Cr
and Riso serve to counteract the loss of phase margin by feeding the high frequency component of the output signal back to the
amplifier’s inverting input, thereby preserving the phase margin in the overall feedback loop. Capacitive drive can be increased

by increasing the value of Cr. This in turn will slow down the pulse response.

Cr
| 1
11 RF§

Riso
—A\\N— Vour
Vin C.—— Ru

Figure 3. Indirectly Driving a Capacitive Load with DC Accuracy

Instrumentation Amplifier
The triple LMV3XX family can be used to build a three-op-amp instrumentation amplifier as shown in Figure 6. The
amplifier in Figure 6 is a high input impedance differential amplifier with gain of R2/R1. The two differential voltage followers

assure the high input impedance of the amplifier.

R2
L
R R,
L AM—
V|M —_— t
— Vour
Vip — + Rs
— AAM—
r R,
Vrer AN—

Figure 6. Instrument Amplifier
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Typical Application Circuits

Differential amplifier
The differential amplifier allows the subtraction of two input voltages or cancellation of a signal common the two inputs. It is useful
as a computational amplifier in making a differential to single-end conversion or in rejecting a common mode signal. Figure 4.

shown the differential amplifier using LMV3XX family.

Ro
MN

R;
Vin — MW -
Rs — Vour
Vip —AA\N +
R4
Vrer —AMWW—

Figure 4. Differential Amplifier

RR\Riy, _ R2 RRe \ Ry
Vourr=tger R R e HCRers R WREE

If the resistor ratios are equal (i.e. Ri=Rs and R,=R4), then

_ R
VOUT "R (\/IP _VIN)+VREF

Low Pass Active Filter
The low pass active filter is shown in Figure 5. The DC gain is defined by —R2/R1. The filter has a -20dB/decade roll-off after its

corner frequency fc=1/(2mR3Cy).

R,
AN
R4
Vin —AW— -
VOUT
+
R

Figure 5. Low Pass Active Filter
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Package Information

MSOP-8
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Dimensions Dimensions
Symbaol In Millimeters In Inches
MM MAX MIN MAX
A 0.520 1.100 p.03z 0.043
Al 0.020 0.150 0.001 0.008
AZ 0.780 0.850 0.030 0.037
b 0.250 0.320 0.010 0.015
c 0.0%0 0.230 0.004 0.008
] 2,800 3.100 0114 0.122
E 2,800 3.100 0114 0.122
E1 4780 5.050 0.187 0.198
2 0.550 BSC D028 BSC
L 0.400 0.800 0016 0.031
B o* & o° g7
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Dimensions Dimensions
Symbol In Millimeters In Inches
MIN MAX MIMN MAX
A 1.350 1.750 0.053 0.06%
AT 0.100 0.250 0.004 0.010
A2 1.350 1.580 0.053 0.061
=] 0.330 0.510 0.013 0.020
= 0170 0.250 0.008 0.010
] 4700 £.100 0.185 0.200
E 3.500 4.000 0.150 0.157
E1 5.500 £.200 0.228 0.244
e 27T B5C 0.050 BSC
L 0400 1.270 0.018 0.050
=] o° g* o* =
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a1 —
Az
Dimensions Dimensions

Symbal In Millimeters In Inches
MIN MAX MIN MAX
A 1.050 1.250 0.041 0.045
A1 0.coo 0.100 0.000 0.004
2 1.050 1.150 0.041 0.045
b 0.200 0.500 p0.012 0.020
[ D100 0.200 0.004 0.008
D 2.820 3.020 0.111 0118
E 1.500 1.700 0.052 0.0&87
E1 2 850 2950 0.104 0.118

= 0.850 BSC 0.037 B5SC

21 1.800 BSC 0.075 BSC
L D200 0.500 0.012 0.024

o g* a° as

12
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SC70-5
P 8
&1 Dimensions Dimensions
e Symbol | In Millimeters | InInches
| - -
4 4 . Min Max Min Max
’____I :F T \ﬁ\
T — A 0.900 | 1.100 | 0.035 | 0.043
I
J'_ - W Al 0.000 | 0.100 | 0.000 | 0.004
e e - L
: ‘ A2 0.900 | 1.000 | 0.035 | 0.039
[
— : — Fi — b 0.150 | 0.350 | 0.006 | 0.014
— ' — = c 0.080 | 0.150 | 0.003 | 0.006
o L2 + 0.20
,l c D 2.000 | 2.200 | 0.079 | 0.087
q —] |-
= =5 = E 1.150 | 1.350 | 0.045 | 0.053
/ \ 8 4| E1 2.150 | 2.450 | 0.085 | 0.096
(e e 0.650TYP 0.026TYP
el 1.200 | 1.400 | 0.047 | 0.055
L 0.525REF 0.021REF
L1 0.260 | 0.460 | 0.010 | 0.018
] 0° 8° 0° 8°
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LMV321,358,324

SOP-14
o
__ INDEX, &0.5+0.1 |_| u u |_| |_| |_| |_|
DEPO2+0.1 -
E E1 52
If \I ~ R fd::.l::l:.1 ETM E-MARK
R DE® 0.1+0.05 —
' THWHEHE | m m |_| |_| |_| ﬂ
= — 22
s | HEHRIRERERY
e let—py
L_J_E -—-I—:.a
RECOMMENDED LAND PATTERN (Unit: mm)
L1 R
' | Ri—~_ L | T "
1 .\T,-. { II‘- 'ﬁ'|3 R | 1
A AL r ] [ -
Simisinim i S A U
A1 4= L2-
Dimensions In Millimeters Dimensions In Inches
Symbol
MIN MOD MAX MIN MOD MAX
A 1.35 175 0.053 0.069
Al 0.10 025 0.004 0.010
A2 1.25 1.65 0.049 0.065
A3 0.55 075 0.022 0.030
b 0.36 0.49 0.014 0.019
D 853 873 0.336 0.344
E 580 6.20 0.228 0.244
E1 3.80 4.00 0.150 0.157
1.27 BSC 0.050 BSC
0.45 0.80 0.018 0.032
L1 1.04 REF 0.040 REF
L2 0.25B5C 0.01 BSC
R 0.07 0.003
R1 0.07 0.003
h 0.30 0.50 0.012 0.020
a° a° 0° a°
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Important statement:

>\WDJ Semiconductor Co,Ltd. reserves the right to change the products and services provided without notice.
Customers should obtain the latest relevant information before ordering,and verify the timeliness and accuracy
of this information.

>Any and all WDJ Semiconductor products described or contained herein do not have specifications that can

handle applications that require extremely high levels of reliability, such as life-support systems, aircraft's control
systems,orother applications whose failure can be reasonably expected to result in serious physical and/or
material damage.Consultwithyour WDJ Semiconductor representative nearest you hefore using any WDJ
Semiconductor products describedor contained herein in such applications.

>\WDJ Semiconductor Co,Ltd. strives to supply high-quality high-reliability products. However, any and all

semiconductor products fail with some probability. It is possible that these probabilistic failures could give rise to
accidents or events that could endanger human lives, that could give rise to smoke or fire, or that could cause
damage to otherproperty.When designing equipment, adopt safety measures so that these kinds of accidents or
events cannot occur.Such measuresinclude but are not limited to protective circuits and error prevention circuits
for safe design, redundant design, and structural design.

>In the event that any or all WDJ Semiconductor products (including technical data, services) described or

contained hereinare controlled under any of applicable local export control laws and regulations, such products
must not be exported without obtaining theexport license from the authorities concerned in accordance with the
above law.

>\WDJ Semiconductor assumes no responsibility for equipment failures that result from using products at

values that exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or
other parameters) listed in products specifications of any and all WDJ Semiconductor products described or
contained herein.

>Specifications of any and all WDJ Semiconductor products described or contained herein stipulate the
performance,characteristics, and functions of the described products in the independent state, and are not
guarantees of the performance,characteristics, and functions of the described products as mounted in the
customer’s products or equipment.To verify symptoms andstates that cannot be evaluated in an independent
device, the customer should always evaluate and test devices mounted in thecustomer’s products or equipment.
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