
SPRING 1998SPRING 1998
Small

est

OpAmp
&Compa

rator

in the Worl
D

this
One’s

for You!

What can we build

for you?
TM

SPECS
• SC70-5 Package: 

50% Smaller than

SOT-23

• 2.7 to 5.5V Single 

Supply Operation

• Rail-to-Rail Output

• World’s Smallest

Op-Amp

1
2

3
4

5
6

7

14
13

12
11

10
9

8

B
C

D
A

OUT A
IN A -

IN A+

V+
IN B+
IN B -

OUT B

OUT D
IN D -

IN D+
V -

IN C +
IN C -

OUT C

+   –
–   +

+   –
–   +

QUAD
TSSOP/SO

LMV324LMV824

14-Pin SO/

1
2

3
4

5
6

7

14
13

12
11

10
9

8

OUT B

OUT A

IN A
-

IN A
+

IN B
-

V
+

IN B
+

OUT C

OUT D

IN D
+V

-

IN D
-

-IN C
+

IN CC
–   +

B
–   +

A
–   +

D
–   +

QUAD

TSSOP/SO

LMV339

LMV321LMV821LMV331

SINGLESC70-5/SOT23-5

DUAL

MSOP/SO

LMV358

LMV822

LMV393

1

2

3

5

4

+IN

-IN

V -
V +

OUTPUT

+
–

B

1

2

3

4

8

7

6

5IN A
-OUT A

IN A
+

V
-

V
+

OUT B

IN B
-

IN B
+

A +–

+ –

LMV Products

Qualification

Package

LMV321  LMV331 LMV821

LMV358  LMV393 LMV822

LMV324  LMV339 LMV824

http://www.national.com/advertising/pages/0,1572,37,00.html
http://www.national.com/advertising/pages/0,1572,37,00.html


LMV PRODUCTS
QUALIFICATION PACKAGE

March 1998



1.0  Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1

2.0  Device Information
2.1  Datasheets

2.1.1  LMV321/358/324 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.1.2  LMV331/393/339 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-27
2.1.3  LMV821/822/824 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-47

2.2  Die Photos
2.2.1  LMV324/339 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-71
2.2.2  LMV358/393 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-72
2.2.3  LMV321/331 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-73
2.2.4  LMV824/821 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-74
2.2.5  LMV821 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-75

3.0  Process Information
3.1  Process Outline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.2  Process Detail . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1

4.0  Packaging Information
4.1  Package Material & Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.2  Bonding Diagrams. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-8
4.3  Tape and Reel Diagrams. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-26

5.0  Reliability Data
5.1  Reliability Reports for LMV3xx . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.2  Reliability Reports for LMV8xx . . . . . . . . . . . . . . . . . . . . . . . . 5-15

6.0  Characterization Data
6.1  Parametric Data for LMV3xx. . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.2  Parametric Data for LMV8xx. . . . . . . . . . . . . . . . . . . . . . . . . . . 6-6

Table of
Contents



1.0  INTRODUCTION



1-1LMV Products Qualification Package

1.0  INTRODUCTION

1.1  General Product Description 
This qualification booklet covers a series of 9 products, 6 general purpose Op Amps and 3 general purpose
Comparators. Each are available in 2 different package types for a total of 18 product/package combinations.

Quad Op Amp LMV324M/MX (14 lead SOIC package)
LMV324MT/MTX (14 lead TSSOP package)

LMV824M/MX (14 lead SOIC package)
LMV824MT/MTX (14 lead TSSOP package)

Dual Op Amp LMV358M/MX (8 lead SOIC package)
LMV358MM/MMX (8 lead MSOP package)

LMV822M/MX (8 lead SOIC package)
LMV822MM/MMX (8 lead MSOP package)

Single Op Amp LMV321 M5/M5X (5 lead SOT-23 package)
LMV321M7/M7X (5 lead SC70 package)

LMV821 M5/M5X (5 lead SOT-23 package)
LMV821 M7/M7X (5 lead SC70 package)

Quad Comparator LMV339M/MX (14 lead SOIC package)
LMV339MT/MTX (14 lead TSSOP package)

Dual Comparator LMV393M/MX (8 lead SOIC package)
LMV393MM/MMX (8 lead MSOP package)

Single Comparator LMV331 M5/M5X (5 lead SOT-23 package)
LMV331 M7/M7X (5 lead SC70 package)

They feature low voltage operation (2.7V to 5.0V for LMV300 series and 2.5V to 5.0V for LMV800 series)
and are designed for applications where low power, small size, and price are main objectives. LMV800
series Op Amps offers enhanced performance over that of LMV300 series Op Amps.

1.2  Technical Product Description
All 9 products are manufactured using National's advanced Submicron Silicon Gate BiCMOS process.
Internal name for this process is CS80CBi, which uses 6 inch wafers.

Actual silicon processing flow (oxide growths, implants, etching, etc.) are the same for all 9 products.

LMV300 Series
LMV358, LMV393, are metalization mask options of the LMV324, sharing previous mask steps in com-
mon with LMV324.
LMV324, LMV358, and LMV393 all have a die size of 23mils X 28mils.

LMV321 uses different mask set (different than LMV324), and the LMV331 is a metalization mask option
of the LMV321, sharing previous mask steps in common with LMV321.
LMV321 and LMV331 have a die size of 17mils X 17mils.

LMV339 uses it's own dedicated mask set (separate from LMV324 or LMV321 mask set).
LMV339 has a die size of 23mils X 28mils.
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LMV800 Series
LMV822 is a metalization option of LMV824.
LMV824 and LMV822 both have a die size of 24mils X 34mils.

LMV821 uses it’s own dedicated mask set (seperate from LMV824 mask set).

LMV821 has a die size of 19mils X 19mils.

1.3  Reliability/Qualification Overview 
SC70 Package

The 5 lead SC70 package (used in LMV321M7/M7X, LMV821M7/M7X and LMV331M7/M7X) is new in the
industry of linear integrated circuits. Other package types used for LMV300 and LMV800 series have been
released previously.

The LMV321 was used as a qualification vehicle for this package and went through full package reliability
(see Reliability Test Report FEM19970494 later in this qualification booklet under Reliability Reports sec-
tion 5.0). Qualification of LMV321, LMV821, and LMV331 for use in SC70 package is covered by
FEM19970494.

LMV300 and LMV800 Series
Because of same wafer fab process used on all 9 products, die layout simialrities, and same package
types, the entire series was qualified by selecting particular products for actual reliabilty testing and qual-
ifying the others by extension. (Qualifying by extension is a standard practice in the semiconductor
industry.) Copies of all Reliability Test Reports listed below can below can be found under Reliability
Reports section 5.0 later in this qualification booklet.

In Summary:

FSC19970377 LMV324 in SOIC and TSSOP packages
LMV358 in MSOP package

FSC19980030 LMV824 in TSSOP package

FEM19970494 LMV321 in SC70 package

FEM19970440 LMV321 in SOT-23 package

FSC19980031 LMV821 in MDIP package

FSC19980093 LMV339 in SOIC package
LMV393 in SOIC package
LMV331 in SOT-23 package
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1.4  Technical Assistance
Product Engineers

LMV324 and LMV358 Frank Smoot
email: frank.smoot@nsc.com
Tel: 408.721.5025

LMV824, LMV822, Altaf Ahmad
and LMV821 email: altaf.ahmad@nsc.com

Tel: 408.721.5957

LMV321 James Dreyfus
email: james.dreyfus@nsc.com
Tel: 408.721.2721

LMV339, LMV393, Doug Simin
and LMV331 email: doug.simin@nsc.com

Tel: 408.721.3245

Applications Engineers
LMV324, LMV358 Dong-mei Yan
and LMV321 email: dong-mei.yan@nsc.com

Tel: 408.721.3501

LMV824, LMV822, Kelly Flaherty
and LMV821 email: kelly.flaherty@nsc.com

Tel: 408.721.8390

LMV339, LMV393, Muna Acosta
and LMV331 email: muna.acosta@nsc.com

Tel: 408.721.5517
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LMV321 Single/ LMV358 Dual/ LMV324 Quad
General Purpose, Low Voltage, Rail-to-Rail Output
Operational Amplifiers
General Description
The LMV358/324 are low voltage (2.7–5.5V) versions of the
dual and quad commodity op amps, LM358/324, which cur-
rently operate at 5–30V. The LMV321 is the single version.

The LMV321/358/324 are the most cost effective solutions
for the applications where low voltage operation, space sav-
ing and low price are needed. They offer specifications that
meet or exceed the familiar LM358/324. The
LMV321/358/324 have rail-to-rail output swing capability and
the input common-mode voltage range includes ground.
They all exhibit excellent speed-power ratio, achieving
1 MHz of bandwidth and 1 V/µs of slew rate with low supply
current.

The LMV321 is available in space saving SC70-5, which is
approximately half the size of SOT23-5. The small package
saves space on pc boards, and enables the design of small
portable electronic devices. It also allows the designer to
place the device closer to the signal source to reduce noise
pickup and increase signal integrity.

The chips are built with National’s advanced submicron
silicon-gate BiCMOS process. The LMV321/358/324 have
bipolar input and output stages for improved noise perfor-
mance and higher output current drive.

Features
(For V+ = 5V and V− = 0V, Typical Unless Otherwise Noted)

n Guaranteed 2.7V and 5V Performance

n No Crossover Distortion

n Space Saving Package SC70-5 2.0x2.1x1.0mm

n Industrial Temp.Range −40˚C to +85˚C

n Gain-Bandwidth Product 1MHz

n Low Supply Current
LMV321 130µA

LMV358 210µA

LMV324 410µA

n Rail-to-Rail Output Swing
@10kΩ Load V+−10mV

V−+65mV

n VCM −0.2V to V+ −0.8V

Applications
n Active Filters
n General Purpose Low Voltage Applications
n General Purpose Portable Devices

Connection Diagrams

5-Pin SC70-5/SOT23-5

DS100060-1

Top View

8-Pin SO/MSOP

DS100060-2

Top View

14-Pin SO/TSSOP

DS100060-3

Top View

March 1998
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2.1  DATASHEETS
2.1.1  LMV321/358/324 Datasheet
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Ordering Information

Package

Temperature Range

Packaging Marking Transport Media NSC DrawingIndustrial

−40˚C to +85˚C

5-Pin SC70-5 LMV321M7 A12 250 Units Tape and Reel MAA05

LMV321M7X A12 3k Units Tape and Reel

5-Pin SOT23-5 LMV321M5 A13 250 Units Tape and Reel MA05B

LMV321M5X A13 3k Units Tape and Reel

8-Pin Small Outline LMV358M LMV358M Rails
M08A

LMV358MX LMV358M 2.5k Units Tape and Reel

8-Pin MSOP LMV358MM V358 250 Units Tape and Reel
MUA08A

LMV358MMX V358 3.5k Units Tape and Reel

14-Pin Small Outline LMV324M LMV324M Rails
M14A

LMV324MX LMV324M 2.5k Units Tape and Reel

14-Pin TSSOP LMV324MT LMV324MT Rails
MTC14

LMV324MTX LMV324MT 2.5k Units Tape and Reel

www.national.com 2
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

ESD Tolerance (Note 2)

Machine Model 100V

Human Body Model
LMV358/324 2000V

LMV321 900V

Differential Input Voltage ± Supply Voltage

Supply Voltage (V+–V −) 5.5V

Output Short Circuit to V + (Note 3)

Output Short Circuit to V − (Note 4)

Mounting Temp.

Lead Temp. (Soldering,10 sec) 260˚C

Infrared (15 sec) 215˚C

Storage Temp. Range −65˚C to 150˚C

Junction Temp. (Tj, max) (Note 5) 150˚C

Operating Ratings (Note 1)

Supply Voltage 2.7V to 5.5V

Temperature Range

LMV321, LMV358, LMV324 −40˚C≤T J≤85˚C

Thermal Resistance (θ JA)(Note 10)

5-pin SC70-5 478˚C/W

5-pin SOT23-5 265˚C/W

8-Pin SOIC 190˚C/W

8-Pin MSOP 235˚C/W

14-Pin SOIC 145˚C/W

14-Pin TSSOP 155˚C/W

2.7V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for T J = 25˚C, V+ = 2.7V, V− = 0V, VCM = 1.0V, VO = V+/2 and RL > 1 MΩ.

Symbol Parameter Conditions Typ
(Note 6)

Limit
(Note 7)

Units

VOS Input Offset Voltage 1.7 7 mV
max

TCVOS Input Offset Voltage Average
Drift

5 µV/˚C

IB Input Bias Current 11 250 nA
max

IOS Input Offset Current 5 50 nA
max

CMRR Common Mode Rejection Ratio 0V ≤ VCM ≤ 1.7V 63 50 dB
min

PSRR Power Supply Rejection Ratio 2.7V ≤ V+ ≤ 5V
VO = 1V

60 50 dB
min

VCM Input Common-Mode Voltage
Range

For CMRR≥50dB −0.2 0 V
min

1.9 1.7 V
max

VO Output Swing RL = 10kΩ to 1.35V V+ -10 V+ -100 mV
min

60 180 mV
max

IS Supply Current LMV321 80 170 µA
max

LMV358
Both amplifiers

140 340 µA
max

LMV324
All four amplifiers

260 680 µA
max

3 www.national.com
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2.7V AC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for T J = 25˚C, V+ = 2.7V, V− = 0V, VCM = 1.0V, VO = V+/2 and RL > 1 MΩ.

Symbol Parameter Conditions Typ
(Note 6)

Limit
(Note 7) Units

GBWP Gain-Bandwidth Product CL = 200 pF 1 MHz

Φm Phase Margin 60 Deg

Gm Gain Margin 10 dB

en Input-Referred Voltage Noise f = 1 kHz 46

in Input-Referred Current Noise f = 1 kHz 0.17

5V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for T J = 25˚C, V+ = 5V, V− = 0V, VCM = 2.0V, VO = V+/2 and R L > 1 MΩ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Typ
(Note 6)

Limit
(Note 7)

Units

VOS Input Offset Voltage 1.7 7
9

mV
max

TCVOS Input Offset Voltage Average
Drift

5 µV/˚C

IB Input Bias Current 15 250
500

nA
max

IOS Input Offset Current 5 50
150

nA
max

CMRR Common Mode Rejection Ratio 0V ≤ VCM ≤ 4V 65 50 dB
min

PSRR Power Supply Rejection Ratio 2.7V ≤ V+ ≤ 5V
VO = 1V VCM = 1V

60 50 dB
min

VCM Input Common-Mode Voltage
Range

For CMRR≥50dB −0.2 0 V
min

4.2 4 V
max

AV Large Signal Voltage Gain
(Note 8)

RL = 2kΩ 100 15
10

V/mV
min

VO Output Swing RL = 2kΩ to 2.5V V+ -40 V+ -300
V+ -400

mV
min

120 300
400

mV
max

RL = 10kΩ to 2.5V V+ -10 V+ -100
V+ -200

mV
min

65 180
280

mV
max

IO Output Short Circuit Current Sourcing, VO = 0V 60 5 mA
min

Sinking, VO = 5V 160 10 mA
min

IS Supply Current LMV321 130 250
350

µA
max

LMV358
Both amplifiers

210 440
615

µA
max

LMV324
All four amplifiers

410 830
1160

µA
max

www.national.com 4
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5V AC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for T J = 25˚C, V+ = 5V, V− = 0V, VCM = 2.0V, VO = V+/2 and R L > 1 MΩ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Typ
(Note 6)

Limit
(Note 7) Units

SR Slew Rate (Note 9) 1 V/µs

GBWP Gain-Bandwidth Product CL = 200 pF 1 MHz

Φm Phase Margin 60 Deg

Gm Gain Margin 10 dB

en Input-Referred Voltage Noise f = 1 kHz, 39

in Input-Referred Current Noise f = 1 kHz 0.21

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in-
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics.

Note 2: Human body model, 1.5 kΩ in series with 100 pF. Machine model, 0Ω in series with 200 pF.

Note 3: Shorting output to V+ will adversely affect reliability.

Note 4: Shorting output to V- will adversely affect reliability.

Note 5: The maximum power dissipation is a function of TJ(max), θJA, and TA. The maximum allowable power dissipation at any ambient temperature is PD =
(TJ(max)–TA)/θJA. All numbers apply for packages soldered directly into a PC board.

Note 6: Typical values represent the most likely parametric norm.

Note 7: All limits are guaranteed by testing or statistical analysis.

Note 8: RL is connected to V-. The output voltage is 0.5V ≤ VO ≤ 4.5V.

Note 9: Connected as voltage follower with 3V step input. Number specified is the slower of the positive and negative slew rates.

Note 10: All numbers are typical, and apply for packages soldered directly onto a PC board in still air.

Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply, TA = 25˚C.

Supply Current vs Supply
Voltage (LMV321)

DS100060-73

Input Current vs
Temperature

DS100060-A9

Sourcing Current vs
Output Voltage

DS100060-69

Sourcing Current vs
Output Voltage

DS100060-68

Sinking Current vs
Output Voltage

DS100060-70

Sinking Current vs
Output Voltage

DS100060-71

5 www.national.com
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Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply,
TA = 25˚C. (Continued)

Output Voltage Swing
vs Supply Voltage

DS100060-67

Input Voltage Noise vs Frequency

DS100060-56

Input Current Noise vs Frequency

DS100060-60

Input Current Noise vs Frequency

DS100060-58

Crosstalk Rejection vs Frequency

DS100060-61

PSRR vs Frequency

DS100060-51

CMRR vs Frequency

DS100060-62

CMRR vs Input
Common Mode Voltage

DS100060-64

CMRR vs Input
Common Mode Voltage

DS100060-63

www.national.com 6
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Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply,
TA = 25˚C. (Continued)

∆ VOS vs CMR

DS100060-53

∆ V OS vs CMR

DS100060-50

Input Voltage vs
Output Voltage

DS100060-54

Input Voltage vs
Output Voltage

DS100060-52

Open Loop
Frequency Response

DS100060-42

Open Loop
Frequency Response

DS100060-41

Open Loop Frequency
Response vs Temperature

DS100060-43

Gain and Phase vs
Capacitive Load

DS100060-45

Gain and Phase vs
Capacitive Load

DS100060-44

7 www.national.com
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Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply,
TA = 25˚C. (Continued)

Slew Rate vs
Supply Voltage

DS100060-57

Non-Inverting Large
Signal Pulse Response

DS100060-88

Non-Inverting Large
Signal Pulse Response

DS100060-A1

Non-Inverting Large
Signal Pulse Response

DS100060-A0

Non-Inverting Small
Signal Pulse Response

DS100060-89

Non-Inverting Small
Signal Pulse Response

DS100060-A2

Non-Inverting Small
Signal Pulse Response

DS100060-A3

Inverting Large Signal
Pulse Response

DS100060-90

Inverting Large Signal
Pulse Response

DS100060-A4

www.national.com 8
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Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply,
TA = 25˚C. (Continued)

Inverting Large Signal
Pulse Response

DS100060-A5

Inverting Small Signal
Pulse Response

DS100060-91

Inverting Small Signal
Pulse Response

DS100060-A6

Inverting Small Signal
Pulse Response

DS100060-A7

Stability vs Capacitive Load

DS100060-46

Stability vs Capacitive Load

DS100060-47

Stability vs Capacitive Load

DS100060-49

Stability vs Capacitive Load

DS100060-48

THD vs Frequency

DS100060-59

9 www.national.com
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Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply,
TA = 25˚C. (Continued)

Application Notes

1.0 Benefits of the LMV321/358/324

Size. The small footprints of the LMV321/358/324 packages
save space on printed circuit boards, and enable the design
of smaller electronic products, such as cellular phones, pag-
ers, or other portable systems. The low profile of the
LMV321/358/324 make them possible to use in PCMCIA
type III cards.

Signal Integrity. Signals can pick up noise between the sig-
nal source and the amplifier. By using a physically smaller
amplifier package, the LMV321/358/324 can be placed
closer to the signal source, reducing noise pickup and in-
creasing signal integrity.

Simplified Board Layout. These products help you to avoid
using long pc traces in your pc board layout. This means that
no additional components, such as capacitors and resistors,
are needed to filter out the unwanted signals due to the inter-
ference between the long pc traces.

Low Supply Current. These devices will help you to maxi-
mize battery life. They are ideal for battery powered sys-
tems.

Low Supply Voltage. National provides guaranteed perfor-
mance at 2.7V and 5V. These guarantees ensure operation
throughout the battery lifetime.

Rail-to-Rail Output. Rail-to-rail output swing provides maxi-
mum possible dynamic range at the output. This is particu-
larly important when operating on low supply voltages.

Input Includes Ground. Allows direct sensing near GND in
single supply operation.

Ease of Use & No Crossover Distortion. The LMV321/
358/324 offer specifications similar to the familiar LM324. In
addition, the new LMV321/358/324 effectively eliminate the
output crossover distortion. The scope photos in Figure 1
and Figure 2 compare the output swing of the LMV324 and
the LM324 in a voltage follower configuration, with V S= ±
2.5V and RL (= 2kΩ) connected to GND. It is apparent that
the crossover distortion has been eliminated in the new
LMV324.

2.0 Capacitive Load Tolerance

The LMV321/358/324 can directly drive 200 pF in unity-gain
without oscillation. The unity-gain follower is the most sensi-
tive configuration to capacitive loading. Direct capacitive
loading reduces the phase margin of amplifiers. The combi-
nation of the amplifier’s output impedance and the capacitive

Open Loop Output
Impedance vs Frequency

DS100060-55

Short Circuit Current
vs Temperature (Sinking)

DS100060-65

Short Circuit Current
vs Temperature (Sourcing)

DS100060-66

Time (50µs/div)
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FIGURE 1. Output Swing of LMV324
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DS100060-98

FIGURE 2. Output Swing of LM324

www.national.com 10



2-11LMV Products Qualification Package

2.0  DEVICE INFORMATION 

Application Notes (Continued)

load induces phase lag. This results in either an under-
damped pulse response or oscillation. To drive a heavier ca-
pacitive load, circuit in Figure 3 can be used.

In Figure 3 , the isolation resistor RISO and the load capacitor
CL form a pole to increase stability by adding more phase
margin to the overall system. The desired performance de-
pends on the value of RISO. The bigger the RISO resistor
value, the more stable Vout will be. Figure 4 is an output
waveform of Figure 3 using 620Ω for RISO and 510 pF for
CL..

The circuit in Figure 5 is an improvement to the one in Figure
3 because it provides DC accuracy as well as AC stability. If
there were a load resistor in Figure 3, the output would be
voltage divided by RISO and the load resistor. Instead, in Fig-
ure 5, RF provides the DC accuracy by using feed-forward
techniques to connect VIN to RL. Caution is needed in choos-
ing the value of RF due to the input bias current of the
LMV321/358/324. CF 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 phase margin in the overall feedback
loop. Increased capacitive drive is possible by increasing the
value of C F . This in turn will slow down the pulse response.

3.0 Input Bias Current Cancellation

The LMV321/358/324 family has a bipolar input stage. The
typical input bias current of LMV321/358/324 is 15 nA with
5V supply. Thus a 100 kΩ input resistor will cause 1.5 mV of
error voltage. By balancing the resistor values at both invert-
ing and non-inverting inputs, the error caused by the ampli-
fier’s input bias current will be reduced. The circuit in Figure
6 shows how to cancel the error caused by input bias
current.

4.0 Typical Single-Supply Application Circuits

4.1 Difference Amplifier

The difference amplifier allows the subtraction of two volt-
ages or, as a special case, the cancellation of a signal com-
mon to two inputs. It is useful as a computational amplifier, in
making a differential to single-ended conversion or in reject-
ing a common mode signal.

DS100060-4

FIGURE 3. Indirectly Driving A Capacitive Load Using
Resistive Isolation
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DS100060-99

FIGURE 4. Pulse Response of the LMV324 Circuit in
Figure 3

DS100060-5

FIGURE 5. Indirectly Driving A Capacitive Load with
DC Accuracy

DS100060-6

FIGURE 6. Cancelling the Error Caused by Input Bias
Current
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4.2 Instrumentation Circuits

The input impedance of the previous difference amplifier is
set by the resistors R1, R2, R3, and R 4. To eliminate the
problems of low input impedance, one way is to use a volt-
age follower ahead of each input as shown in the following
two instrumentation amplifiers.

4.2.1 Three-op-amp Instrumentation Amplifier

The quad LMV324 can be used to build a three-op-amp in-
strumentation amplifier as shown in Figure 8.

The first stage of this instrumentation amplifier is a
differential-input, differential-output amplifier, with two volt-
age followers. These two voltage followers assure that the
input impedance is over 100 MΩ. The gain of this instrumen-
tation amplifier is set by the ratio of R2/R 1. R3 should equal
R1, and R4 equal R2. Matching of R3 to R1 and R4 to R2 af-
fects the CMRR. For good CMRR over temperature, low drift
resistors should be used. Making R4 slightly smaller than R
2 and adding a trim pot equal to twice the difference between
R 2 and R4 will allow the CMRR to be adjusted for optimum.

4.2.2 Two-op-amp Instrumentation Amplifier

A two-op-amp instrumentation amplifier can also be used to
make a high-input-impedance dc differential amplifier (Fig-
ure 9) . As in the three-op-amp circuit, this instrumentation
amplifier requires precise resistor matching for good CMRR.
R4 should equal to R1 and R3 should equal R2.

4.3 Single-Supply Inverting Amplifier

There may be cases where the input signal going into the
amplifier is negative. Because the amplifier is operating in
single supply voltage, a voltage divider using R3 and R4 is
implemented to bias the amplifier so the input signal is within
the input common-mode voltage range of the amplifier. The
capacitor C1 is placed between the inverting input and resis-
tor R1 to block the DC signal going into the AC signal source,
VIN. The values of R1 and C 1 affect the cutoff frequency, fc
= 1/2πR1C1.

As a result, the output signal is centered around mid-supply
(if the voltage divider provides V+/2 at the non-inverting in-
put). The output can swing to both rails, maximizing the
signal-to-noise ratio in a low voltage system.

4.4 Active Filter

4.4.1 Simple Low-Pass Active Filter

The simple low-pass filter is shown in Figure 11. Its low-
frequency gain (ω → 0) is defined by -R3/R1. This allows low-
frequency gains other than unity to be obtained. The filter
has a -20dB/decade roll-off after its corner frequency fc. R2

should be chosen equal to the parallel combination of R1 and
R3 to minimize errors due to bias current. The frequency re-
sponse of the filter is shown in Figure 12.

DS100060-7

DS100060-19

FIGURE 7. Difference Amplifier

DS100060-85

FIGURE 8. Three-op-amp Instrumentation Amplifier

DS100060-11

DS100060-35

FIGURE 9. Two-Op-amp Instrumentation Amplifier

DS100060-13

DS100060-20

FIGURE 10. Single-Supply Inverting Amplifier
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Note that the single-op-amp active filters are used in to the
applications that require low quality factor, Q( ≤ 10), low fre-
quency (≤ 5 kHz), and low gain (≤ 10), or a small value for
the product of gain times Q (≤ 100). The op amp should have
an open loop voltage gain at the highest frequency of inter-
est at least 50 times larger than the gain of the filter at this
frequency. In addition, the selected op amp should have a
slew rate that meets the following requirement:

SlewRate ≥ 0.5 x (ω HVOPP) x 10−6 V/µsec

where ωH is the highest frequency of interest, and Vopp is the
output peak-to-peak voltage.

4.4.2 Sallen-Key 2nd-Order Active Low-Pass Filter

The Sallen-Key 2nd-order active low-pass filter is illustrated
in Figure 13. The dc gain of the filter is expressed as

(1)

Its transfer function is

(2)

The following paragraphs explain how to select values for
R1, R2, R3, R4, C1, and C 2 for given filter requirements, such
as ALP, Q, and f c.

The standard form for a 2nd-order low pass filter is

(3)

where

Q: Pole Quality Factor

ωC: Corner Frequency

Comparison between the Equation (2) and Equation (3)
yields

(4)

(5)

To reduce the required calculations in filter design, it is con-
venient to introduce normalization into the components and
design parameters. To normalize, let ωC = ωn = 1rad/s, and
C1 = C2 = Cn = 1F, and substitute these values into Equation
(4) and Equation (5). From Equation (4), we obtain

(6)

From Equation (5), we obtain

(7)

For minimum dc offset, V+ = V-, the resistor values at both
inverting and non-inverting inputs should be equal, which
means

(8)

From Equation (1) and Equation (8), we obtain

(9)

DS100060-14

DS100060-37

FIGURE 11. Simple Low-Pass Active Filter

DS100060-15

FIGURE 12. Frequency Response of Simple Low-Pass
Active Filter in Figure 11

DS100060-16

FIGURE 13. Sallen-Key 2nd-Order Active Low-Pass
Filter
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(10)

The values of C1 and C2 are normally close to or equal to

As a design example:

Require: ALP = 2, Q = 1, fc = 1KHz

Start by selecting C1 and C2. Choose a standard value that
is close to

From Equations (6), (7), (9), (10),

R1= 1Ω
R2= 1Ω
R3= 4Ω
R4= 4Ω

The above resistor values are normalized values with
ωn=1rad/s and C1 = C2 = Cn = 1F. To scale the normalized
cut-off frequency and resistances to the real values, two
scaling factors are introduced, frequency scaling factor (kf)
and impedance scaling factor (km).

Scaled values:

R2 = R1 = 15.9 kΩ
R3 = R4 = 63.6 kΩ
C1 = C2 = 0.01 µF

An adjustment to the scaling may be made in order to have
realistic values for resistors and capacitors. The actual value
used for each component is shown in the circuit.

4.4.3 2nd-order High Pass Filter

A 2nd-order high pass filter can be built by simply inter-
changing those frequency selective components (R1, R 2,
C1, C2) in the Sallen-Key 2nd-order active low pass filter. As
shown in Figure 14, resistors become capacitors, and ca-
pacitors become resistors. The resulted high pass filter has
the same corner frequency and the same maximum gain as
the previous 2nd-order low pass filter if the same compo-
nents are chosen.

4.4.4 State Variable Filter

A state variable filter requires three op amps. One conve-
nient way to build state variable filters is with a quad op amp,
such as the LMV324 (Figure 15).

This circuit can simultaneously represent a low-pass filter,
high-pass filter, and bandpass filter at three different outputs.
The equations for these functions are listed below. It is also
called ″Bi-Quad″ active filter as it can produce a transfer
function which is quadratic in both numerator and
denominator.

DS100060-83

FIGURE 14. Sallen-Key 2nd-Order Active High-Pass
Filter

DS100060-39

FIGURE 15. State Variable Active Filter
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where for all three filters,

(11)

(12)

A design example for a bandpass filter is shown below:

Assume the system design requires a bandpass filter with f O

= 1 kHz and Q = 50. What needs to be calculated are capaci-
tor and resistor values.

First choose convenient values for C1, R1 and R2:

C1 = 1200 pF

2R2 = R1 = 30 kΩ
Then from Equation (11),

From Equation (12),

From the above calculated values, the midband gain is H 0 =
R3/R2 = 100 (40dB). The nearest 5% standard values have
been added to Figure 15.

4.5 Pulse Generators and Oscillators

A pulse generator is shown in Figure 16. Two diodes have
been used to separate the charge and discharge paths to ca-
pacitor C.

When the output voltage VO is first at its high, VOH, the ca-
pacitor C is charged toward VOH through R2. The voltage
across C rises exponentially with a time constant τ = R2C,
and this voltage is applied to the inverting input of the op
amp. Meanwhile, the voltage at the non-inverting input is set
at the positive threshold voltage (VTH+) of the generator. The
capacitor voltage continually increases until it reaches VTH+,
at which point the output of the generator will switch to its
low, VOL (=0V in this case). The voltage at the non-inverting
input is switched to the negative threshold voltage (VTH-) of
the generator. The capacitor then starts to discharge toward
VOL exponentially through R1, with a time constant τ = R1C.
When the capacitor voltage reaches VTH-, the output of the
pulse generator switches to V OH. The capacitor starts to
charge, and the cycle repeats itself.

DS100060-81

FIGURE 16. Pulse Generator
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As shown in the waveforms in Figure 17, the pulse width (T1)
is set by R2, C and VOH, and the time between pulses (T2) is
set by R 1, C and VOL. This pulse generator can be made to
have different frequencies and pulse width by selecting dif-
ferent capacitor value and resistor values.

Figure 18 shows another pulse generator, with separate
charge and discharge paths. The capacitor is charged
through R1 and is discharged through R2.

Figure 19 is a squarewave generator with the same path for
charging and discharging the capacitor.

4.6 Current Source and Sink

The LMV321/358/324 can be used in feedback loops which
regulate the current in external PNP transistors to provide
current sources or in external NPN transistors to provide cur-
rent sinks.

4.6.1 Fixed Current Source

A multiple fixed current source is show in Figure 20. A volt-
age (VREF = 2V) is established across resistor R3 by the volt-
age divider (R3 and R 4). Negative feedback is used to cause
the voltage drop across R 1 to be equal to VREF. This controls
the emitter current of transistor Q1 and if we neglect the base
current of Q1 and Q2, essentially this same current is avail-
able out of the collector of Q1.

Large input resistors can be used to reduce current loss and
a Darlington connection can be used to reduce errors due to
the β of Q1.

The resistor, R2, can be used to scale the collector current of
Q2 either above or below the 1 mA reference value.

DS100060-86

FIGURE 17. Waveforms of the Circuit in Figure 16

DS100060-77

FIGURE 18. Pulse Generator

DS100060-76

FIGURE 19. Squarewave Generator

DS100060-80

FIGURE 20. Fixed Current Source

www.national.com 16



2-17LMV Products Qualification Package

2.0  DEVICE INFORMATION 

Application Notes (Continued)

4.6.2 High Compliance Current Sink

A current sink circuit is shown in Figure 21. The circuit re-
quires only one resistor (RE) and supplies an output current
which is directly proportional to this resistor value.

4.7 Power Amplifier

A power amplifier is illustrated in Figure 22. This circuit can
provide a higher output current because a transistor follower
is added to the output of the op amp.

4.8 LED Driver

The LMV321/358/324 can be used to drive an LED as shown
in Figure 23.

4.9 Comparator with Hysteresis

The LMV321/358/324 can be used as a low power compara-
tor. Figure 24 shows a comparator with hysteresis. The hys-
teresis is determined by the ratio of the two resistors.

VTH+ = VREF/(1+R 1/R2)+VOH/(1+R2/R1)

VTH− = VREF/(1+R 1/R2)+VOL/(1+R2/R1)

VH = (VOH−VOL)/(1+R 2/R1)

where

VTH+: Positive Threshold Voltage

VTH−: Negative Threshold Voltage

VOH: Output Voltage at High

VOL: Output Voltage at Low

VH: Hysteresis Voltage

Since LMV321/358/324 have rail-to-rail output, the
(VOH−VOL) equals to VS, which is the supply voltage.

VH = VS/(1+R2/R 1)

The differential voltage at the input of the op amp should not
exceed the specified absolute maximum ratings. For real
comparators that are much faster, we recommend you to use
National’s LMV331/393/339, which are single, dual and quad
general purpose comparators for low voltage operation.

DS100060-82

FIGURE 21. High Compliance Current Sink

DS100060-79

FIGURE 22. Power Amplifier

DS100060-84

FIGURE 23. LED Driver

DS100060-78

FIGURE 24. Comparator with Hysteresis
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SC70-5 Tape and Reel Specification

SOT-23-5 Tape and Reel Specification

TAPE FORMAT

Tape Section # Cavities Cavity Status Cover Tape Status

Leader 0 (min) Empty Sealed

(Start End) 75 (min) Empty Sealed

Carrier 3000 Filled Sealed

250 Filled Sealed

Trailer 125 (min) Empty Sealed

(Hub End) 0 (min) Empty Sealed

DS100060-B3

www.national.com 18
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SOT-23-5 Tape and Reel Specification (Continued)

TAPE DIMENSIONS

8 mm 0.130 0.124 0.130 0.126 0.138 ±0.002 0.055 ±0.004 0.157 0.315 ±0.012

(3.3) (3.15) (3.3) (3.2) (3.5 ±0.05) (1.4 ±0.11) (4) (8 ±0.3)

Tape Size DIM A DIM Ao DIM B DIM Bo DIM F DIM Ko DIM P1 DIM W

DS100060-B1
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SOT-23-5 Tape and Reel Specification (Continued)

REEL DIMENSIONS

8 mm 7.00 0.059 0.512 0.795 2.165 0.331 + 0.059/−0.000 0.567 W1+ 0.078/−0.039

330.00 1.50 13.00 20.20 55.00 8.40 + 1.50/−0.00 14.40 W1 + 2.00/−1.00

Tape Size A B C D N W1 W2 W3

DS100060-B2
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Physical Dimensions inches (millimeters) unless otherwise noted

5-Pin SC70-5 Tape and Reel
Order Number LMV321M7 and LMV321M7X

NS Package Number MAA05A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

5-Pin SOT23-5 Tape and Reel
Order Number LMV321M5 and LMV321M5X

NS Package Number MA05B

www.national.com 22
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

8-Pin Small Outline
Order Number LMV358M and LMV358MX

NS Package Number M08A

23 www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

8-Pin MSOP
Order Number LMV358MM and LMV358MMX

NS Package Number MUA08A

www.national.com 24



2-25LMV Products Qualification Package

2.0  DEVICE INFORMATION 

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

14-Pin Small Outline
Order Number LMV324M and LMV324MX

NS Package Number M14A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:
1. Life support devices or systems are devices or sys-

tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure to perform when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

National Semiconductor
Corporation
Americas
Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support@nsc.com

www.national.com

National Semiconductor
Europe

Fax: +49 (0) 1 80-530 85 86
Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 1 80-530 85 85
English Tel: +49 (0) 1 80-532 78 32
Français Tel: +49 (0) 1 80-532 93 58
Italiano Tel: +49 (0) 1 80-534 16 80

National Semiconductor
Asia Pacific Customer
Response Group
Tel: 65-2544466
Fax: 65-2504466
Email: sea.support@nsc.com

National Semiconductor
Japan Ltd.
Tel: 81-3-5620-6175
Fax: 81-3-5620-6179

14-Pin TSSOP
Order Number LMV324MT and LMV324MTX

NS Package Number MTC14
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LMV331 Single / LMV393 Dual / LMV339 Quad
General Purpose, Low Voltage, TinyPack Comparators
General Description
The LMV393 and LMV339 are low voltage (2.7-5V) versions
of the dual and quad comparators, LM393/339, which are
specified at 5-30V. The LMV331 is the single version, which
is available in space saving SC70-5 and SOT23-5 packages.
SC70-5 is approximately half the size of SOT23-5.

The LMV393 is available in 8-pin SOIC and 8-pin MSOP. The
LMV339 is available in 14-pin SOIC and 14-pin TSSOP.

The LMV331/393/339 is the most cost-effective solution
where space, low voltage, low power and price are the pri-
mary specification in circuit design for portable consumer
products. They offer specifications that meet or exceed the
familiar LM393/339 at a fraction of the supply current.

The chips are built with National’s advanced Submicron
Silicon-Gate BiCMOS process. The LMV331/393/339 have
bipolar input and output stages for improved noise perfor-
mance.

Features
(For 5V Supply, Typical Unless Otherwise Noted)

n Space Saving Package Space SC70-5 (2.0 x 2.1 x 1.0
mm)

n Space Saving Package Space SOT23-5 (3.00 x 3.01 x
1.43 mm)

n Guaranteed 2.7V and 5V Performance

n Industrial Temperature Range −40˚C to +85˚C

n Low Supply Current 60µA/Channel

n Input Common Mode Voltage Range Includes Ground

n Low Output Saturation Voltage 200 mV

Applications
n Mobile Communications
n Notebooks and PDA’s
n Battery Powered Electronics
n General Purpose Portable Device
n General Purpose Low Voltage Applications

Connection Diagrams

5-Pin SC70-5/SOT23-5

DS100080-1

Top View

8-Pin SO/MSOP

DS100080-2

Top View

14-Pin SO/TSSOP

DS100080-3

Top View
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Ordering Information

Package

Temperature Range Packaging
Marking

Transport
Media

NSC
DrawingIndustrial

−40˚C to +85˚C

5-pin SC70-5 LMV331M7 C13 250 Units Tape and Reel MAA05

LMV331M7X C13 3k Units Tape and Reel

5-pin SOT23-5 LMV331M5 C12 250 Units Tape and Reel MA05B

LMV331M5X C12 3k Units Tape and Reel

8-pin Small Outline LMV393M LMV393M Rails
M08A

LMV393MX LMV393M 2.5k Units Tape and Reel

8-pin MSOP LMV393MM V393 250 UnitsTape and Reel
MUA08A

LMV393MMX V393 3.5k Units Tape and Reel

14-pin Small Outline LMV339M LMV339M Rails
M14A

LMV339MX LMV339M 2.5k Units Tape and Reel

14-pin TSSOP LMV339MT LMV339MT Rails
MTC14

LMV339MTX LMV339MT 2.5k Units Tape and Reel

www.national.com 2
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

ESD Tolerance (Note 2)

Human Body Model

LMV331/ 393/ 339 800V

Machine Model LMV331/339/393 120V

Differential Input Voltage ± Supply Voltage

Supply Voltage (V+ − V−) 5.5V

Mounting Temperature

Lead Temp. (soldering, 10 sec) 260˚C

Infrared (15 sec) 215˚C

Storage Temp. Range −65˚C to +150˚C

Junction Temperature (Note 3) 150˚C

Operating Ratings (Note 1)

Supply Voltage 2.7V to 5.5V

Temperature Range

LMV393, LMV339, LMV331 −40˚C ≤ TJ ≤ +85˚C

Thermal Resistance (θJA)

M Package, 8-pin Surface Mount 190˚C/W

M Package, 14-pin Surface Mount 145˚C/W

MTC Package, 14-pin TSSOP 155˚C/W

MAA05 Package, 5-pin SC70-5 478˚C/W

M05A Package 5 -pin SOT23-5 265˚C/W

MM Package, 8-pin Mini Surface Mount 235˚C/W

2.7V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for TJ = 25˚C, V+ = 2.7V, V− = 0V. Boldface limits apply at the temperature
extremes.

Symbol Parameter Conditions Typ
(Note 4)

LMV331/
393/339

Limit
(Note 5)

Units

VOS Input Offset Voltage
1.7 7

mV
max

TCVOS Input Offset Voltage
Average Drift

5 µV/˚C

IB Input Bias Current
10

250
400

nA max

IOS Input Offset Current
5

50
150

nA max

VCM Input Voltage Range −0.1 V

2.0 V

VSAT Saturation Voltage Isink ≤ 1mA 200 mV

IO Output Sink Current VO ≤ 1.5V 23 5 mA min

IS Supply Current LMV331 40 100 µA max

LMV393
Both Comparators

70 140 µA max

LMV339
All four Comparators

140 200 µA max

Output Leakage Current .003 1 µA max

2.7V AC Electrical Characteristics
TJ = 25˚C, V+ = 2.7V, RL = 5.1 kΩ, V− = 0V.

Symbol Parameter Conditions Typ
(Note 4) Units

tPHL Propagation Delay (High to Low) Input Overdrive =10 mV 1000
ns

Input Overdrive =100 mV 350

tPLH Propagation Delay (Low to High) Input Overdrive =10 mV 500
ns

Input Overdrive =100 mV 400

3 www.national.com
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5V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for TJ = 25˚C, V+ = 5V, V− = 0V. Boldface limits apply at the temperature
extremes.

Symbol Parameter Conditions Typ
(Note 4)

LMV331/
393/339

Limit
(Note 5)

Units

VOS Input Offset Voltage 1.7 7
9

mV
max

TCVOS Input Offset Voltage
Average Drift

5 µV/˚C

IB Input Bias Current
25

250
400

nA max

IOS Input Offset Current
2

50
150

nA max

VCM Input Voltage Range −0.1 V

4.2 V

AV Voltage Gain 50 20 V/mV min

Vsat Saturation Voltage Isink ≤ 4 mA 200 400
700

mV
max

IO Output Sink Current VO ≤ 1.5V 84 10 mA

IS Supply Current LMV331 60 120
150

µA max

LMV393
Both Comparators

100 200
250

µA max

LMV339
All four Comparators

170 300
350

µA max

Output Leakage Current .003 1 µA max

5V AC Electrical Characteristics
TJ = 25˚C, V+ = 5V, RL = 5.1 kΩ, V− = 0V.

Symbol Parameter Conditions Typ
(Note 4) Units

tPHL Propagation Delay (High to Low) Input Overdrive =10 mV 600
ns

Input Overdrive =100 mV 200

tPLH Propagation Delay (Low to High) Input Overdrive =10 mV 450
ns

Input Overdrive =100 mV 300
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in-
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical characteristics.

Note 2: : Human body model, 1.5kΩ in series with 100 pF. Machine model, 200Ω in series with 100 pF.

Note 3: The maximum power dissipation is a function of TJ(max), θJA, and TA. The maximum allowable power dissipation at any ambient temperature is PD = (TJ(max)
- TA)/θJA. All numbers apply for packages soldered directly into a PC board.

Note 4: Typical Values represent the most likely parametric norm.

Note 5: All limits are guaranteed by testing or statistical analysis.

www.national.com 4
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Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply, TA = 25˚C

Supply Current vs
Supply Voltage Output High
(LMV331)

DS100080-34

Supply Current vs
Supply Voltage Output Low
(LMV331)

DS100080-33

Output Voltage vs
Output Current at 5V Supply

DS100080-37

Output Voltage vs
Output Current
at 2.7 Supply

DS100080-38

Input Bias Current vs
Supply Voltage

DS100080-36

Response Time vs
Input Overdrives
Negative Transition

DS100080-42

Response Time for
Input Overdrive
Positive Transition

DS100080-43

Response Time vs
Input Overdrives
Negative Transition

DS100080-41

Response Time for
Input Overdrive
Positive Transition

DS100080-40
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Application Circuits

Basic Comparator

A basic comparator circuit is used for converting analog sig-
nals to a digital output. The LMV331/393/339 have an
open-collector output stage, which requires a pull-up resistor
to a positive supply voltage for the output to switch properly.
When the internal output transistor is off, the output voltage
will be pulled up to the external positive voltage.

The output pull-up resistor should be chosen high enough so
as to avoid excessive power dissipation yet low enough to
supply enough drive to switch whatever load circuitry is used
on the comparator output. On the LMV331/393/339 the
pull-up resistor should range between 1k to 10kΩ.

The comparator compares the input voltage (Vin) at the
non-inverting pin to the reference voltage (Vref) at the invert-
ing pin. If Vin is less than Vref, the output voltage (Vo) is at the
saturation voltage. On the other hand, if Vin is greater than
Vref, the output voltage (Vo) is at Vcc..

Comparator with Hysteresis

The basic comparator configuration may oscillate or produce
a noisy output if the applied differential input voltage is near
the comparator’s offset voltage. This usually happens when
the input signal is moving very slowly across the compara-
tor’s switching threshold. This problem can be prevented by
the addition of hysteresis or positive feedback.

Inverting Comparator with Hysteresis

The inverting comparator with hysteresis requires a three re-
sistor network that are referenced to the supply voltage Vcc

of the comparator. When Vin at the inverting input is less
than Va, the voltage at the non-inverting node of the com-
parator (Vin < Va), the output voltage is high (for simplicity
assume Vo switches as high as Vcc). The three network re-
sistors can be represented as R1//R3 in series with R2. The
lower input trip voltage Va1 is defined as

When Vin is greater than Va (Vin Va), the output voltage is
low very close to ground. In this case the three network re-
sistors can be presented as R2//R3 in series with R1. The up-
per trip voltage Va2 is defined as

The total hysteresis provided by the network is defined as

∆Va = Va1 - Va2

To assure that the comparator will always switch fully to Vcc

and not be pulled down by the load the resistors values
should be chosen as follow:

Rpull-up << Rload

and R1 > Rpull-up.

DS100080-26

DS100080-4

FIGURE 1. Basic Comparator

www.national.com 6
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Application Circuits (Continued)

Non-Inverting Comparator with Hysteresis

Non inverting comparator with hysteresis requires a two re-
sistor network, and a voltage reference (Vref) at the inverting
input. When Vin is low, the output is also low. For the output
to switch from low to high, Vin must rise up to Vin1 where Vin1

is calculated by

When Vin is high, the output is also high, to make the com-
parator switch back to it’s low state, Vin must equal Vref be-
fore Va will again equal Vref. Vin can be calculated by:

The hysteresis of this circuit is the difference between Vin1

and Vin2.

∆Vin = VccR1/R2

DS100080-25

FIGURE 2. Inverting Comparator with Hysteresis

DS100080-22
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Application Circuits (Continued)

Square Wave Oscillator

Comparators are ideal for oscillator applications. This square
wave generator uses the minimum number of components.
The output frequency is set by the RC time constant of the
capacitor C1 and the resistor in the negative feedback R4.
The maximum frequency is limited only by the large signal
propagation delay of the comparator in addition to any ca-
pacitive loading at the output, which would degrade the out-
put slew rate.

To analyze the circuit, assume that the output is initially high.
For this to be true, the voltage at the inverting input Vc has to
be less than the voltage at the non-inverting input Va. For Vc

to be low, the capacitor C1 has to be discharged and will
charge up through the negative feedback resistor R4. When
it has charged up to value equal to the voltage at the positive
input Va1, the comparator output will switch.

Va1 will be given by:

If:

R1 = R2 = R3

Then:

Va1 = 2Vcc/3

When the output switches to ground, the value of Va is re-
duced by the hysteresis network to a value given by:

Va2 = Vcc/3

Capacitor C1 must now discharge through R4 towards
ground. The output will return to its high state when the volt-
age across the capacitor has discharged to a value equal to
Va2.

For the circuit shown, the period for one cycle of oscillation
will be twice the time it takes for a single RC circuit to charge
up to one half of its final value. The time to charge the ca-
pacitor can be calculated from

Where Vmax is the max applied potential across the capaci-
tor = (2Vcc/3)

and VC = Vmax/2 = VCC/3

One period will be given by:

1/freq = 2t

or calculating the exponential gives:

1/freq = 2(0.694) R4 C1

Resistors R3 and R4 must be at least two times larger than
R5 to insure that Vo will go all the way up to Vcc in the high
state. The frequency stability of this circuit should strictly be
a function of the external components.

Free Running Multivibrator

A simple yet very stable oscillator that generates a clock for
slower digital systems can be obtained by using a resonator
as the feedback element. It is similar to the free running mul-
tivibrator, except that the positive feedback is obtained
through a quartz crystal. The circuit oscillates when the
transmission through the crystal is at a maximum, so the
crystal in its series-resonant mode.

The value of R1 and R2 are equal so that the comparator will
switch symmetrically about +Vcc/2. The RC constant of R3

and C1 is set to be several times greater than the period of
the oscillating frequency, insuring a 50% duty cycle by main-
taining a DC voltage at the inverting input equal to the abso-
lute average of the output waveform.

DS100080-23

DS100080-8

DS100080-24

FIGURE 5. Squarewave Oscillator

www.national.com 8
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Application Circuits (Continued)

When specifying the crystal, be sure to order series resonant
with the desired temperature coefficient

Pulse generator with variable duty cycle:

The pulse generator with variable duty cycle is just a minor
modification of the basic square wave generator. Providing a
separate charge and discharge path for capacitor C1 gener-
ates a variable duty cycle. One path, through R2 and D2 will
charge the capacitor and set the pulse width (t1). The other
path, R1 and D1 will discharge the capacitor and set the time
between pulses (t2).

By varying resistor R1, the time between pulses of the gen-
erator can be changed without changing the pulse width.
Similarly, by varying R2, the pulse width will be altered with-
out affecting the time between pulses. Both controls will
change the frequency of the generator. The pulse width and
time between pulses can be found from:

Solving these equations for t1 and t2
t1 =R4C1ln2

t2 =R5C1ln2

These terms will have a slight error due to the fact that Vmax

is not exactly equal to 2/3 VCC but is actually reduced by the
diode drop to:

DS100080-7

FIGURE 6. Crystal controlled Oscillator

DS100080-9

FIGURE 7. Pulse Generator

9 www.national.com
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Application Circuits (Continued)

Positive Peak Detector:

Positive peak detector is basically the comparator operated
as a unit gain follower with a large holding capacitor from the
output to ground. Additional transistor is added to the output
to provide a low impedance current source. When the output
of the comparator goes high, current is passed through the
transistor to charge up the capacitor. The only discharge
path will be the 1M ohm resistor shunting C1 and any load
that is connected to the output. The decay time can be al-
tered simply by changing the 1M ohm resistor. The output
should be used through a high impedance follower to a avoid
loading the output of the peak detector.

Negative Peak Detector:

For the negative detector, the output transistor of the com-
parator acts as a low impedance current sink. The only dis-
charge path will be the 1 MΩ resistor and any load imped-
ance used. Decay time is changed by varying the 1 MΩ
resistor

Driving CMOS and TTL

The comparator’s output is capable of driving CMOS and
TTL Logic circuits.

AND Gates

The comparator can be used as three input AND gate. The
operation of the gate is as follow:

The resistor divider at the inverting input establishes a refer-
ence voltage at that node. The non-inverting input is the sum
of the voltages at the inputs divided by the voltage dividers.
The output will go high only when all three inputs are high,
casing the voltage at the non-inverting input to go above that
at inverting input. The circuit values shown work for a ″0″
equal to ground and a ″1″ equal to 5V.

The resistor values can be altered if different logic levels are
desired. If more inputs are required, diodes are recom-
mended to improve the voltage margin when all but one of
the inputs are high.

DS100080-17

FIGURE 8. Positive Peak Detector

DS100080-18

FIGURE 9. Negative Peak Detector

DS100080-5

FIGURE 10. Driving CMOS

DS100080-6

FIGURE 11. Driving TTL

DS100080-11

FIGURE 12. AND Gate

www.national.com 10
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Application Circuits (Continued)

OR Gates

A three input OR gate is achieved from the basic AND gate
simply by increasing the resistor value connected from the
inverting input to Vcc, thereby reducing the reference volt-
age.

A logic ″1″ at any of the inputs will produce a logic ″1″ at the
output.

ORing the Output

By the inherit nature of an open collector comparator, the
outputs of several comparators can be tied together with a
pull up resistor to Vcc. If one or more of the comparators out-
puts goes low, the output Vo will go low.

DS100080-10

FIGURE 13. OR Gate

DS100080-12

FIGURE 14. ORing the Outputs

DS100080-13

FIGURE 15. Large Fan-In AND Gate
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SC70-5 Tape and Reel Specification

SOT-23-5 Tape and Reel Specification

TAPE FORMAT

Tape Section # Cavities Cavity Status Cover Tape Status

Leader 0 (min) Empty Sealed

(Start End) 75 (min) Empty Sealed

Carrier 3000 Filled Sealed

250 Filled Sealed

Trailer 125 (min) Empty Sealed

(Hub End) 0 (min) Empty Sealed

DS100080-44

www.national.com 12
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SOT-23-5 Tape and Reel Specification (Continued)

TAPE DIMENSIONS

8 mm 0.130 0.124 0.130 0.126 0.138 ±0.002 0.055 ±0.004 0.157 0.315 ±0.012

(3.3) (3.15) (3.3) (3.2) (3.5 ±0.05) (1.4 ±0.11) (4) (8 ±0.3)

Tape Size DIM A DIM Ao DIM B DIM Bo DIM F DIM Ko DIM P1 DIM W

DS100080-45

13 www.national.com
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SOT-23-5 Tape and Reel Specification (Continued)

REEL DIMENSIONS

8 mm 7.00 0.059 0.512 0.795 2.165 0.331 + 0.059/−0.000 0.567 W1+ 0.078/−0.039

330.00 1.50 13.00 20.20 55.00 8.40 + 1.50/−0.00 14.40 W1 + 2.00/−1.00

Tape Size A B C D N W1 W2 W3

DS100080-46

www.national.com 14
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Physical Dimensions inches (millimeters) unless otherwise noted

5-Pin SC70-5 Tape and Reel
Order Number LMV331M7 and LMV331M7X

NS Package Number MAA05A

15 www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

5-Pin SOT23-5 Tape and Reel
Order Number LMV331M5 and LMV331M5X

NS Package Number MA05B

www.national.com 16
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

8-Pin Small Outline
Order Number LMV393M and LMV393MX

NS Package Number M08A

17 www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

8-Pin MSOP
Order Number LMV393MM and LMV393MMX

NS Package Number MUA08A

www.national.com 18
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

14-Pin Small Outline
Order Number LMV339M and LMV339MX

NS Package Number M14A

19 www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:
1. Life support devices or systems are devices or sys-

tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure to perform when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

National Semiconductor
Corporation
Americas
Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support@nsc.com

www.national.com

National Semiconductor
Europe

Fax: +49 (0) 1 80-530 85 86
Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 1 80-530 85 85
English Tel: +49 (0) 1 80-532 78 32
Français Tel: +49 (0) 1 80-532 93 58
Italiano Tel: +49 (0) 1 80-534 16 80

National Semiconductor
Asia Pacific Customer
Response Group
Tel: 65-2544466
Fax: 65-2504466
Email: sea.support@nsc.com

National Semiconductor
Japan Ltd.
Tel: 81-3-5620-6175
Fax: 81-3-5620-6179

14-Pin TSSOP
Order Number LMV339MT and LMV339MTX

NS Package Number MTC14
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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LMV821 Single/ LMV822 Dual/ LMV824 Quad
Low Voltage, Low Power, R-to-R Output, 5 MHz Op Amps
General Description
The LMV821/LMV822/LMV824 bring performance and
economy to low voltage / low power systems. With a 5 MHz
unity-gain frequency and a guaranteed 1.5 V/µs slew rate,
the quiescent current is only 215 µA/amplifier (2.7 V). They
provide rail-to-rail (R-to-R) output swing into heavy loads
(600 Ω Guarantees). The input common-mode voltage range
includes ground, and the maximum input offset voltage is
3mV ( 25˚C, Guaranteed). They are also capable of comfort-
ably driving large capacitive loads (refer to the application
notes section).

The LMV821 (single) is available in the ultra tiny SC70-5
package, which is about half the size of the previous title
holder, the SOT23-5.

Overall, the LMV821/LMV822/LMV824 (Single/Dual/Quad)
are low voltage, low power, performance op amps, that can
be designed into a wide range of applications, at an eco-
nomical price.

Features
(For Typical, 5 V Supply Values; Unless Otherwise Noted)
n Ultra Tiny, SC70-5 Package 2.0 x 2.0 x 1.0 mm

n Guaranteed 2.5 V, 2.7 V and 5 V Performance
n Maximum VOS 3 mV (Guaranteed)
n VOS Temp. Drift 1 uV/˚ C
n GBW product @2.7 V 5 MHz
n ISupply @2.7 V 215 µA/Amplifier
n Minimum SR 1.5 V/us (Guaranteed)
n CMRR 90 dB
n PSRR 85 dB
n Rail-to-Rail (R-to-R) Output Swing

— @600 Ω Load 160 mV from rail
— @10 kΩ Load 55 mV from rail

n VCM @5 V -0.3 V to 4.3 V
n Stable with High Capacitive Loads (Refer to Application

Section)

Applications
n Cordless Phones
n Cellular Phones
n Laptops
n PDAs
n PCMCIA

Connection Diagrams

5-Pin SC70-5/SOT23-5

DS100128-84

Top View

8-Pin SO/MSOP

DS100128-63

Top View

14-Pin SO/TSSOP

DS100128-85

Top View
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Ordering Information

Package

Temperature Range

Packaging Marking Transport Media NSC DrawingIndustrial

−40˚C to +85˚C

5-Pin SC-70-5 LMV821M7 A15 250 Units Tape and
Reel

MAA05

LMV821M7X A15 3k Units Tape and Reel

5-Pin SOT23-5 LMV821M5 A14 250 UnitsTape and
Reel

MA05B

LMV821M5X A14 3k Units Tape and Reel

8-Pin SO LMV822M LMV822M Rails M08A

LMV822MX LMV822M 2.5k Units Tape and
Reel

8-Pin MSOP LMV822MM LMV822 250 Units Tape and
Reel

MUA08A

LMV822MMX LMV822 3.5k Units Tape and
Reel

14-Pin SO LMV824M LMV824M Rails M14A

LMV824MX LMV824M 2.5k Units Tape and
Reel

14-Pin TSSOP LMV824MT LMV824MT Rails MTC14

LMV824MTX LMV824MT 2.5k Units Tape and
Reel

www.national.com 2
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

ESD Tolerance (Note 2)

Machine Model 100V

Human Body Model

LMV822/824 2000V

LMV821 1500V

Differential Input Voltage ± Supply Voltage

Supply Voltage (V+–V −) 5.5V

Output Short Circuit to V+ (Note 3)

Output Short Circuit to V− (Note 3)

Mounting Temp.

Lead Temp. (Soldering, 10 sec) 260˚C

Infrared (10 sec) 215˚C

Storage Temperature Range −65˚C to 150˚C

Junction Temperature (Note 4) 150˚C

Operating Ratings (Note 1)

Supply Voltage 2.5V to 5.5V

Temperature Range

LMV821, LMV822, LMV824 −40˚C ≤T J ≤85˚C

Thermal Resistance (θ JA)

Ultra Tiny SC70-5 Package
5-Pin Surface Mount

440 ˚C/W

Tiny SOT23-5 Package 5-Pin
Surface Mount

265 ˚C/W

SO Package, 8-Pin Surface
Mount 190 ˚C/W

MSOP Package, 8-Pin Mini
Surface Mount 235 ˚C/W

SO Package, 14-Pin Surface
Mount 145 ˚C/W

TSSOP Package, 14-Pin 155 ˚C/W

2.7V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for TJ = 25˚C. V+ = 2.7V, V − = 0V, VCM = 1.0V, VO = 1.35V and R L > 1 MΩ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Condition Typ
(Note 5)

LMV821/822/824
Limit (Note 6) Units

VOS Input Offset Voltage 1 3 mV

4 max

TCVOS Input Offset Voltage Average
Drift

1 µV/˚C

IB Input Bias Current 30 90 nA

140 max

IOS Input Offset Current 0.5 30 nA

50 max

CMRR Common Mode Rejection Ratio 0V ≤ VCM ≤ 1.7V 85 70 dB

68 min

+PSRR Positive Power Supply
Rejection Ratio

1.7V ≤ V+ ≤ 4V, V- = 1V, VO =
0V, VCM = 0V

85 75 dB

70 min

−PSRR Negative Power Supply
Rejection Ratio

-1.0V ≤ V- ≤ -3.3V, V+ =1.7V,
VO= 0V, VCM = 0V

85 75 dB

70 min

VCM Input Common-Mode Voltage
Range

For CMRR ≥ 50dB -0.3 -0.2 V

max

2.0 1.9 V

min

AV Large Signal Voltage Gain Sourcing, RL=600Ω to 1.35V,
VO=1.35V to 2.2V

100 90 dB

85 min

Sinking, RL=600Ω to 1.35V,
VO=1.35V to 0.5V

90 85 dB

80 min

Sourcing, RL=2kΩ to 1.35V,
VO=1.35V to 2.2V

100 95 dB

90 min

Sinking, RL=2kΩ to 1.35,
VO=1.35 to 0.5V

95 90 dB

85 min

3 www.national.com
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2.7V DC Electrical Characteristics (Continued)

Unless otherwise specified, all limits guaranteed for TJ = 25˚C. V+ = 2.7V, V − = 0V, VCM = 1.0V, VO = 1.35V and R L > 1 MΩ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Condition Typ
(Note 5)

LMV821/822/824
Limit (Note 6) Units

V O Output Swing V+=2.7V, RL= 600Ω to 1.35V 2.58 2.50 V

2.40 min

0.13 0.20 V

0.30 max

V+=2.7V, RL= 2kΩ to 1.35V 2.66 2.60 V

2.50 min

0.08 0.120 V

0.200 max

IO Output Current Sourcing, VO=0V 16 12 mA

min

Sinking, VO=2.7V 36 20 mA

min

IS Supply Current LMV821 (Single) 0.22 0.3 mA

0.5 max

LMV822 (Dual) 0.45 0.6 mA

0.8 max

LMV824 (Quad) 0.72 1.0 mA

1.2 max

2.5V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for TJ = 25˚C. V+ = 2.5V, V − = 0V, VCM = 1.0V, VO = 1.25V and R L > 1 MΩ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Condition Typ
(Note 5)

LMV821/822/824
Limit (Note 6) Units

VOS Input Offset Voltage 1 3 mV

4 max

V O Output Swing V+=2.5V, RL= 600Ω to 1.25V 2.37 2.30 V

2.20 min

0.13 0.20 V

0.30 max

V+=2.5V, RL= 2kΩ to 1.25V 2.46 2.40 V

2.30 min

0.08 0.12 V

0.20 max

2.7V AC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for TJ = 25˚C. V+ = 2.7V, V − = 0V, VCM = 1.0V, VO = 1.35V and R L > 1 MΩ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Typ
(Note 5)

LMV821/822/824 Limit
(Note 6) Units

SR Slew Rate (Note 7) 1.5 V/µs

GBW Gain-Bandwdth Product 5 MHz

Φm Phase Margin 61 Deg.

Gm Gain Margin 10 dB

Amp-to-Amp Isolation (Note 8) 135 dB

en Input-Related Voltage Noise f = 1 kHz, VCM = 1V 28

www.national.com 4
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2.7V AC Electrical Characteristics (Continued)

Unless otherwise specified, all limits guaranteed for TJ = 25˚C. V+ = 2.7V, V − = 0V, VCM = 1.0V, VO = 1.35V and R L > 1 MΩ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Typ
(Note 5)

LMV821/822/824 Limit
(Note 6) Units

in Input-Referred Current Noise f = 1 kHz 0.1

THD Total Harmonic Distortion f = 1 kHz, AV = −2,
RL = 10 kΩ, VO = 4.1 VPP

0.01 %

5V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for TJ = 25˚C. V+ = 5V, V − = 0V, VCM = 2.0V, VO = 2.5V and R L > 1 MΩ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Condition Typ
(Note 5)

LMV821/822/824
Limit (Note 6) Units

VOS Input Offset Voltage 1 3 mV

4.0 max

TCVOS Input Offset Voltage Average
Drift

1 µV/˚C

IB Input Bias Current 40 100 nA

150 max

IOS Input Offset Current 0.5 30 nA

50 max

CMRR Common Mode Rejection Ratio 0V ≤ VCM ≤ 4.0V 90 72 dB

70 min

+PSRR Positive Power Supply
Rejection Ratio

1.7V ≤ V+ ≤ 4V, V- = 1V, VO =
0V, VCM = 0V

85 75 dB

70 min

−PSRR Negative Power Supply
Rejection Ratio

-1.0V ≤ V- ≤ -3.3V, V+ =1.7V,
VO = 0V, VCM = 0V

85 75 dB

70 min

VCM Input Common-Mode Voltage
Range

For CMRR ≥ 50dB -0.3 -0.2 V

max

4.3 4.2 V

min

AV Large Signal Voltage Gain Sourcing, RL=600Ω to 2.5V,
VO=2.5 to 4.5V

105 95 dB

90 min

Sinking, RL=600Ω to 2.5V,
VO=2.5 to 0.5V

105 95 dB

90 min

Sourcing, RL=2kΩ to 2.5V,
VO=2.5 to 4.5V

105 95 dB

90 min

Sinking, RL=2kΩ to 2.5,
VO=2.5 to 0.5V

105 95 dB

90 min

V O Output Swing V+=5V,RL= 600Ω to 2.5V 4.84 4.75 V

4.70 min

0.17 0.250 V

.30 max

V+=5V, RL=2kΩ to 2.5V 4.90 4.85 V

4.80 min

0.10 0.15 V

0.20 max
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5V DC Electrical Characteristics (Continued)

Unless otherwise specified, all limits guaranteed for TJ = 25˚C. V+ = 5V, V − = 0V, VCM = 2.0V, VO = 2.5V and R L > 1 MΩ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Condition Typ
(Note 5)

LMV821/822/824
Limit (Note 6) Units

IO Output Current Sourcing, VO=0V 45 20 mA

15 min

Sinking, VO=5V 40 20 mA

15 min

IS Supply Current LMV821 (Single) 0.30 0.4 mA

0.6 max

LMV822 (Dual) 0.5 0.7 mA

0.9 max

LMV824 (Quad) 1.0 1.3 mA

1.5 max

5V AC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for TJ = 25˚C. V+ = 5V, V − = 0V, VCM = 2V, VO = 2.5V and R L > 1 MΩ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Typ
(Note 5)

LMV821/822/824 Limit
(Note 6) Units

SR Slew Rate (Note 7) 2.0 1.5 V/µs
min

GBW Gain-Bandwdth Product 5.6 MHz

Φm Phase Margin 67 Deg.

Gm Gain Margin 15 dB

Amp-to-Amp Isolation (Note 8) 135 dB

en Input-Related Voltage Noise f = 1 kHz, VCM = 1V 24

in Input-Referred Current Noise f = 1 kHz 0.25

THD Total Harmonic Distortion f = 1 kHz, AV = −2,
RL = 10 kΩ, VO = 4.1 VPP

0.01 %

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is in-
tended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Characteristics.

Note 2: Human body model, 1.5 kΩ in series wth 100 pF. Machine model, 200Ω in series with 100 pF.

Note 3: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the
maximum allowed junction temperature of 150˚C. Output currents in excess of 45 mA over long term may adversely affect reliability.

Note 4: The maximum power dissipation is a function of TJ(max) , θJA, and TA. The maximum allowable power dissipation at any ambient temperature is PD = (TJ-

(max)–T A)/θJA. All numbers apply for packages soldered directly into a PC board.

Note 5: Typical Values represent the most likely parametric norm.

Note 6: All limits are guaranteed by testing or statistical analysis.

Note 7: V+ = 5V. Connected as voltage follower with 3V step input. Number specified is the slower of the positive and negative slew rates.

Note 8: Input referred, V+ = 5V and RL = 100 kΩ connected to 2.5V. Each amp excited in turn with 1 kHz to produce V O = 3 VPP.

www.national.com 6
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5V AC Electrical Characteristics (Continued)

Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply, TA = 25˚C.

Supply Current vs Supply Voltage
(LMV821)

DS100128-1

Input Current vs Temperature

DS100128-2

Sourcing Current vs Output
Voltage (V S=2.7V)

DS100128-3

Sourcing Current vs Output
Voltage (V S=5V)

DS100128-4

Sinking Current vs Output Voltage
(VS=2.7V)

DS100128-5

Sinking Current vs Output Voltage
(VS=5V)

DS100128-6

Output Voltage Swing vs Supply
Voltage (R L=10kΩ)

DS100128-7

Output Voltage Swing vs Supply
Voltage (R L=2kΩ)

DS100128-86

Output Voltage Swing vs Supply
Voltage (R L=600Ω)

DS100128-8
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Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply,
TA = 25˚C. (Continued)

Output Voltage Swing vs Load
Resistance

DS100128-87

Input Voltage Noise vs Frequency

DS100128-18

Input Current Noise vs Frequency

DS100128-17

Crosstalk Rejection vs Frequency

DS100128-93

+PSRR vs Frequency

DS100128-9

-PSRR vs Frequency

DS100128-10

CMRR vs Frequency

DS100128-47

Input Voltage vs Output Voltage

DS100128-88

Gain and Phase Margin vs
Frequency (R L=100kΩ, 2kΩ, 600Ω)
2.7V

DS100128-11
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Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply,
TA = 25˚C. (Continued)

Gain and Phase Margin vs
Frequency (R L=100kΩ, 2kΩ, 600Ω)
5V

DS100128-12

Gain and Phase Margin vs
Frequency (Temp.=25, -40, 85˚C,
RL= 10kΩ) 2.7V

DS100128-13

Gain and Phase Margin vs
Frequency (Temp.=25, -40, 85 ˚C,
RL=10kΩ) 5V

DS100128-14

Gain and Phase Margin vs
Frequency (C L=100pF, 200pF, 0pF,
RL=10kΩ)2.7V

DS100128-15

Gain and Phase Margin vs
Frequency (C L=100pF,200pF,0pF
RL=10kΩ)5V

DS100128-16

Gain and Phase Margin vs
Frequency (C L=100pF,200pF,0pF
RL=600Ω)2.7V

DS100128-19

Gain and Phase Margin vs
Frequency (C L=100pF,200pF,0pF
RL=600Ω)5V

DS100128-20

Slew Rate vs Supply Voltage

DS100128-62

Non-Inverting Large Signal Pulse
Response

DS100128-21
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Typical Performance Characteristics Unless otherwise specified, VS = +5V, single supply,
TA = 25˚C. (Continued)

Non-Inverting Small Signal Pulse
Response

DS100128-24

Inverting Large Signal Pulse
Response

DS100128-27

Inverting Small Signal Pulse
Response

DS100128-30

THD vs Frequency

DS100128-82

www.national.com 10
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APPLICATION NOTE

This application note is divided into two sections: design
considerations and Application Circuits.

1.0 Design Considerations

This section covers the following design considerations:

1. Frequency and Phase Response Considerations

2. Unity-Gain Pulse Response Considerations

3. Input Bias Current Considerations

1.1 Frequency and Phase Response Considerations

The relationship between open-loop frequency response
and open-loop phase response determines the closed-loop
stability performance (negative feedback). The open-loop
phase response causes the feedback signal to shift towards
becoming positive feedback, thus becoming unstable. The
further the output phase angle is from the input phase angle,
the more stable the negative feedback will operate. Phase
Margin (φm) specifies this output-to-input phase relationship
at the unity-gain crossover point. Zero degrees of phase-
margin means that the input and output are completely in
phase with each other and will sustain oscillation at the unity-
gain frequency.

The AC tables show φm for a no load condition. But φm

changes with load. The Gain and Phase vs Frequency plots
in the curve section can be used to graphically determine the
φm for various loaded conditions. To do this, examine the
phase angle portion of the plot, find the phase margin point
at the unity-gain frequency, and determine how far this point
is from zero degree of phase-margin. The larger the phase-
margin, the more stable the circuit operation.

The bandwidth is also affected by load. The graphs of Figure
1 and Figure 2 provide a quick look at how various loads af-
fect the φm and the bandwidth of the LMV821/822/824 family.
These graphs show capacitive loads reducing both φm and
bandwidth, while resistive loads reduce the bandwidth but in-
crease the φm. Notice how a 600Ω resistor can be added in
parallel with 220 picofarads capacitance, to increase the φm

20˚(approx.), but at the price of about a 100 kHz of band-
width.

Overall, the LMV821/822/824 family provides good stability
for loaded condition.

1.2 Unity Gain Pulse Response Considerations

A pull-up resistor is well suited for increasing unity-gain,
pulse response stability. For example, a 600 Ω pull-up resis-
tor reduces the overshoot voltage by about 50%, when driv-
ing a 220 pF load. Figure 3 shows how to implement the
pull-up resistor for more pulse response stability.

Higher capacitances can be driven by decreasing the value
of the pull-up resistor, but its value shouldn’t be reduced be-
yond the sinking capability of the part. An alternate approach
is to use an isolation resistor as illustrated in Figure 4.

Figure 5 shows the resulting pulse response from a LMV824,
while driving a 10,000pF load through a 20 Ω isolation
resistor.

DS100128-60

FIGURE 1. Phase Margin vs Common Mode Voltage for
Various Loads

DS100128-61

FIGURE 2. Unity-Gain Frequency vs Common Mode
Voltage for Various Loads

DS100128-41

FIGURE 3. Using a Pull-up Resistor at the Output for
Stabilizing Capacitive Loads

DS100128-43

FIGURE 4. Using an Isolation Resistor to Drive Heavy
Capacitive Loads
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1.3 Input Bias Current Consideration

Input bias current (IB) can develop a somewhat significant
offset voltage. This offset is primarily due to IB flowing
through the negative feedback resistor, RF. For example, if IB
is 90nA (max room) and RF is 100 kΩ, then an offset of 9 mV
will be developed (VOS=IBx RF).Using a compensation resis-
tor (RC), as shown in Figure 6, cancels out this affect. But the
input offset current (IOS) will still contribute to an offset volt-
age in the same manner - typically 0.05 mV at room temp.

2.0 APPLICATION CIRCUITS

This section covers the following application circuits:

1. Telephone-Line Transceiver

2. “Simple” Mixer (Amplitude Modulator)

3. Dual Amplifier Active Filters (DAAFs)

• a. Low-Pass Filter (LPF)

• b. High-Pass Filter (HPF)

5. Tri-level Voltage Detector

2.1 Telephone-Line Transceiver

The telephone-line transceiver of Figure 7 provides a full-
duplexed connection through a PCMCIA, miniature trans-
former. The differential configuration of receiver portion
(UR), cancels reception from the transmitter portion (UT).
Note that the input signals for the differential configuration of
UR, are the transmit voltage (Vt) and Vt/2. This is because
Rmatch is chosen to match the coupled telephone-line imped-
ance; therefore dividing Vt by two (assuming R1 >> R3).
The differential configuration of UR has its resistor chosen to
cancel the Vt and Vt/2 inputs according to the following
equation:

Note that Cr is included for canceling out the inadequacies of
the lossy, miniature transformer. Refer to application note
AN-397 for detailed explanation.

2.2“Simple” Mixer (Amplitude Modulator)

The mixer of Figure 8 is simple and provides a unique form
of amplitude modulation. Vi is the modulation frequency
(FM), while a +3V square-wave at the gate of Q1, induces a
carrier frequency (FC). Q1 switches (toggles) U1 between in-
verting and non-inverting unity gain configurations. Offset-
ting a sine wave above ground at Vi results in the oscillo-
scope photo of Figure 9.

The simple mixer can be applied to applications that utilize
the Doppler Effect to measure the velocity of an object. The
difference frequency is one of its output frequency compo-
nents. This difference frequency magnitude (/FM-FC/) is the
key factor for determining an object’s velocity per the Dop-
pler Effect. If a signal is transmitted to a moving object, the
reflected frequency will be a different frequency. This differ-
ence in transmit and receive frequency is directly propor-
tional to an object’s velocity.

DS100128-54

FIGURE 5. Pulse Response per Figure 4

DS100128-59

FIGURE 6. Canceling the Voltage Offset Effect of Input
Bias Current

DS100128-33

FIGURE 7. Telephone-line Transceiver for a PCMCIA
Modem Card

www.national.com 12
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2.4 Dual Amplifier Active Filters (DAAFs)

The LMV822/24 bring economy and performance to DAAFs.
The low-pass and the high-pass filters of Figure 10 and Fig-
ure 11 (respectively), offer one key feature: excellent sensi-
tivity performance. Good sensitivity is when deviations in
component values cause relatively small deviations in a fil-
ter’s parameter such as cutoff frequency (Fc). Single ampli-
fier active filters like the Sallen-Key provide relatively poor
sensitivity performance that sometimes cause problems for
high production runs; their parameters are much more likely
to deviate out of specification than a DAAF would. The
DAAFs of Figure 10 and Figure 11 are well suited for high
volume production.

Table 1 provides sensitivity measurements for a 10 MΩ con-
dition. The left column shows the passive components for
the 3 kHz low-pass DAAF. The third column shows the com-
ponents for the 300 Hz high-pass DAAF. Their respective
sensitivity measurements are shown to the right of each
component column. Their values consists of the percent
change in cutoff frequency (Fc) divided by the percent
change in component value. The lower the sensitivity value,
the better the performance.

Each resistor value was changed by about 10 percent, and
this measured change was divided into the measured
change in Fc. A positive or negative sign in front of the mea-
sured value, represents the direction Fc changes relative to
components’ direction of change. For example, a sensitivity
value of negative 1.2, means that for any 1 percent increase
in component value, Fc decreases by 1.2 percent.

Note that this information provides insight on how to fine
tune the cutoff frequency, if necessary. It should be also
noted that R4 and R5 of each circuit also caused variations in

DS100128-39

FIGURE 8. Amplitude Modulator Circuit

f

f

mod

carrier

DS100128-40

FIGURE 9. Output signal per the Circuit of Figure 8

DS100128-36

FIGURE 10. Dual Amplifier, 3 kHz Low-Pass Active
Filter with a Butterworth Response and a Pass Band

Gain of Times Two

DS100128-37

FIGURE 11. Dual Amplifier, 300 Hz High-Pass Active
Filter with a Butterworth Response and a Pass Band

Gain of Times Two
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the pass band gain. Increasing R4 by ten percent, increased
the gain by 0.4 dB, while increasing R5 by ten percent, de-
creased the gain by 0.4 dB.

TABLE 1

Component (LPF) Sensitivity (LPF) Component (HPF) Sensitivity (HPF)

Ra -1.2 Ca -0.7

C1 -0.1 Rb -1.0

R2 -1.1 R1 +0.1

R3 +0.7 C2 -0.1

C3 -1.5 R3 +0.1

R4 -0.6 R4 -0.1

R5 +0.6 R5 +0.1

Active filters are also sensitive to an op amp’s parameters
-Gain and Bandwidth, in particular. The LMV822/24 provide
a large gain and wide bandwidth. And DAAFs make excel-
lent use of these feature specifications.

Single Amplifier versions require a large open-loop to
closed-loop gain ratio - approximately 50 to 1, at the Fc of
the filter response. Figure 12 shows an impressive photo-
graph of a network analyzer measurement (hp3577A). The
measurement was taken from a 300kHz version of Figure
10. At 300 kHz, open-loop to closed-loop gain ratio ( Fc)
about 5 to 1 (footnote). This is 10 times lower than the 50 to
1 “rule of thumb” for Single Amplifier Active Filters.

In addition to performance, DAAFs are relatively easy to de-
sign and implement. The design equations for the low-pass
and high-pass DAAFs are shown below. The first two equa-
tion calculate the Fc and the circuit Quality Factor (Q) for the
LPF (Figure 10). The second two equations calculate the Fc
and Q for the HPF (Figure 11).

To simplify the design process, certain components are set
equal to each other. Refer to Figure 10 and Figure 11. These
equal component values help to simplify the design equa-
tions as follows:

To illustrate the design process/implementation, a 3 kHz,
Butterworth response, low-pass filter DAAF (Figure 10) is
designed as follows:

1. Choose C1 = C3 = C = 1 nF

2. Choose R4 = R5 = 1 kΩ
3. Calculate Ra and R2 for the desired Fc as follows:

4. Calculate R3 for the desired Q. The desired Q for a Butter-
worth (Maximally Flat) response is 0.707 (45 degrees into
the s-plane). R3 calculates as follows:

Notice that R3 could also be calculated as 0.707 of Ra or R2.

The circuit was implemented and its cutoff frequency mea-
sured. The cutoff frequency measured at 2.92 kHz.

The circuit also showed good repeatability. Ten different
LMV822 samples were placed in the circuit. The correspond-
ing change in the cutoff frequency was less than a percent.

DS100128-92

FIGURE 12. 300 kHz, Low-Pass Filter, Butterworth
Response as Measured by the HP3577A Network

Analyzer
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2.5 Tri-level Voltage Detector

The tri-level voltage detector of Figure 13 provides a type of
window comparator function. It detects three different input
voltage ranges: Min-range, Mid-range, and Max-range. The
output voltage (VO) is at VCC for the Min-range. VO is
clamped at GND for the Mid-range. For the Max-range, VO is
at Vee. Figure 14 shows a VO vs. VI oscilloscope photo per
the circuit of .

Its operation is as follows: VI deviating from GND, causes
the diode bridge to absorb IIN to maintain a clamped condi-
tion (VO= 0V). Eventually, IIN reaches the bias limit of the di-
ode bridge. When this limit is reached, the clamping effect

stops and the op amp responds open loop. The design equa-
tion directly preceding Figure 13, shows how to determine
the clamping range. The equation solves for the input volt-
age band on each side GND. The mid-range is twice this
voltage band.

DS100128-89

DS100128-34

FIGURE 13. Tri-level Voltage Detector

OV
-VIN +VIN

-V
o

+V
o

OV

 |      ∆v      |      ∆v      |  

DS100128-35

FIGURE 14. X, Y Oscilloscope Trace showing V OUT vs
VIN per the Circuit of Figure 13
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SC70-5 Tape and Reel Specification

SOT-23-5 Tape and Reel Specification

Tape Format
Tape Section # Cavities Cavity Status Cover Tape Status

Leader 0 (min) Empty Sealed

(Start End) 75 (min) Empty Sealed

Carrier 3000 Filled Sealed

250 Filled Sealed

Trailer 125 (min) Empty Sealed

(Hub End) 0 (min) Empty Sealed

DS100128-96
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Tape Dimensions

8 mm 0.130 0.124 0.130 0.126 0.138 ±0.002 0.055 ±0.004 0.157 0.315 ±0.012

(3.3) (3.15) (3.3) (3.2) (3.5 ±0.05) (1.4 ±0.11) (4) (8 ±0.3)

Tape Size DIM A DIM Ao DIM B DIM Bo DIM F DIM Ko DIM P1 DIM W

DS100128-97
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Reel Dimensions

8 mm 7.00 0.059 0.512 0.795 2.165 0.331 + 0.059/−0.000 0.567 W1+ 0.078/−0.039

330.00 1.50 13.00 20.20 55.00 8.40 + 1.50/−0.00 14.40 W1 + 2.00/−1.00

Tape Size A B C D N W1 W2 W3

DS100128-98
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Physical Dimensions inches (millimeters) unless otherwise noted

SC70-5
Order Number LMV821M7 or LMV821M7X

NS Package Number MAA05

19 www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

SOT 23-5
Order Number LMV821M5 or LMV821M5X

NS Package Number MA05B

www.national.com 20
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

8-Pin Small Outline
Order Number LMV822M or LMV822MX

NS Package Number M08A

21 www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

8-Pin MSOP
Order Number LMV822MM or LMV822MMX

NS Package Number MUA08A

www.national.com 22
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

14-Pin Small Outline
Order Number LMV824M or LMV824MX

NS Package Number M14A

23 www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:
1. Life support devices or systems are devices or sys-

tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure to perform when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

National Semiconductor
Corporation
Americas
Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support@nsc.com

www.national.com

National Semiconductor
Europe

Fax: +49 (0) 1 80-530 85 86
Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 1 80-530 85 85
English Tel: +49 (0) 1 80-532 78 32
Français Tel: +49 (0) 1 80-532 93 58
Italiano Tel: +49 (0) 1 80-534 16 80

National Semiconductor
Asia Pacific Customer
Response Group
Tel: 65-2544466
Fax: 65-2504466
Email: sea.support@nsc.com

National Semiconductor
Japan Ltd.
Tel: 81-3-5620-6175
Fax: 81-3-5620-6179

14-Pin TSSOP
Order Number LMV824MTC or LMV824MTCX

NS Package Number MTC14
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2.2  Die Photos
2.2.1  LMV324/339
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2.2.2  LMV358/393

28 mils

23 mils
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2.2.3  LMV321/331

17 mils

17 mils
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2.2.4  LMV824/822

34 mils

24 mils
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2.2.5  LMV821

19 mils

19 mils
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3.1  Process Flow 
Fabrication Site: South Portland Fairchild

Process Technology: CS80CBi (Submicron Silicon Gate CMOS/Bipolar)

Wafer Diameter: 6 inch 

Number of Masks: 18 

Metalization: 0.5% Copper, dual layer Aluminum metal, 

1st layer = 7,500Å thick 
2nd layer = 12,000Å thick 

Top Side Passivation: Polyamide (30,000A thick) 
over Nitride (11,500A thick) over Oxide (5,000A thick)

3.2  Process Detail & Masks
1: Initial Oxide

2: Trench Define & Etch

3: Mask 0.6, N- Iso
4: N- Iso Implant

5: N- Iso Drive

6: N- Iso Oxide Strip & Screen Oxide

7: Mask 0.8, N+ Buried Layer
8: N+ Buried Layer Implant

9: Mask 0.9, P+ Buried Layer
10: P+ Buried Layer Implant

11: Buried Layer Anneal

12: Epi Growth

13: Pad Oxide & Nitride

14: Mask 1.0, N-Well
15: N- Well Implant

16: Selective Oxide

17: N-Well Nitride Strip

18: P-Well Implant

19: Selective Oxide Etch

20: N- Well & P- Well Drive-ln Oxide

21: Drive-ln Oxide Strip

22: Mask 2.0, Composite
23: Composite Pad Oxide & Composite Nitride

24: Composite Mask Etch

25: Mask 3.0, P- Field
26: P- Field Implant

27: Iso Field Oxide

28: Active (Composite Area) Nitride Strip

29: Pad Oxide Removal & Sacrificial Oxide Growth & Vt Adjust Implant

30: Sacrificial Oxide Strip & Gate Oxide & Poly Deposition

31: Poly Dope & Poly Anneal
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3.2  Process Detail & Masks (cont)

32: Mask 4.0, Poly
33: Poly Etch

34: Poly Seal Oxide

35: Mask 4.3, P-LDD
36: P-LDD Implant

37: Mask 4.5, N-LDD
38: N-LDD Implant

39: Spacer Oxide Deposit & Etch

40: Mask 5.0, N+
41: N+ Implant

42: Mask 5.5, Base
43: Base Etch & Base Implant

44: N+ Drive

45: Mask 6.0, P+
46: P+ Implant

47: Dielectric Layer1 & P+ Anneal

48: SOG

49: Mask 7.0, Window
50: Window Etch & Contact Dielectric

51: Mask 7.1, Contact
52: Contact Etch

53: Contact Plug & Etchback

54: Metal1 Deposition

55: Mask 8.0, Metal1
56: Metal1 Etch

57: Metal1 Alloy

58: Dielectric Layer2

59: Mask 9.0, Via
60: Via Etch

61: Via Deposition & Metal2 Deposit

62: Mask 10.0, Metal2
63: Metal2 Etch

64: Passivation Oxide/Nitride/Polyamide

65: Mask 13.0, Passivation
66: Passivation Etch
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4.0  PACKAGING INFORMATION 

4.1  PACKAGE MATERIAL & DIMENSIONS
Generic Package Type 14 Lead SOIC 14 Lead TSSOP

NS Package Number M14A MTC14

Package/Compound Epoxy Cresol Novolac Epoxy Cresol Novolac 
Manufacturer Sumitomo Sumitomo

Package/Compound Sumitomo EME-1100R Sumitomo EME-7351LS
Mfg’s Designation NSC B14

Lead Frame Material Copper Copper 
Manufacturer NSC-DCI

External Lead Solder Plate Solder Plate
Frame Coating Sn/Pb Sn/Pb

Pins Gull Wing, 9mils Thick Gull Wing, 6mils Thick

Die Attached Method Poly 6 Poly 6

Bond Wire Gold, 0.9mils Gold, 0.9mils

Bond Type Hot Thermosonic Ball Hot Thermosonic Ball

Package Thermal 145°C/W 155°C/W
for LMV324 for LMV324,
LMV824, and LMV824, and
LMV339 LMV339
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4.0  PACKAGING INFORMATION 

4.1  PACKAGE MATERIAL & DIMENSIONS (cont)
Generic Package Type 8 Lead SOIC 8 Lead MSOP

NS Package Number M08A MUA08A

Package/Compound Epoxy Cresol Novolac Epoxy Cresol Novolac
Manufacturer Sumitomo Nitto Denko

Package/Compound Sumitomo EME-1100R Nitto MP-7400
Mfg’s Designation NSC B14

Lead Frame Material Copper Copper 
Manufacturer NSC-DCI

External Lead Solder Plate Solder Plate
Frame Coating Sn/Pb Sn/Pb

Pins Gull Wing, 9mils Thick Gull Wing, 7mils Thick

Die Attached Method Poly 6 Epoxy

Bond Wire Gold, 0.9mils Gold, 0.9mils

Bond Type Hot Thermosonic Ball Hot Thermosonic Ball

Package Thermal 190°C/W 235°C/W
for LMV358, for LMV358
LMV 322, and LMV 322, and 
LMV393 LMV393
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4.0  PACKAGING INFORMATION 

4.1  PACKAGE MATERIAL & DIMENSIONS (cont)
Generic Package Type 5 Lead SOT-23 5 Lead SC70

NS Package Number MA05B MAA05A

Package/Compound Epoxy Cresol Novolac Epoxy Cresol Novolac
Manufacturer Sumitomo Nitto Denko

Package/Compound Sumitomo EME-6710 Nitto MP-8000C
Mfg’s Designation NSC B18

Lead Frame Material Copper Copper 
Manufacturer NSC-DCI Enomoto

External Lead Solder Plate Solder Plate
Frame Coating Sn/Pb Sn/Pb

Pins Gull Wing, 6mils Thick Gull Wing, 6mils Thick

Die Attached Method Eutectic, Crr/Ag/Sn Eutectic, Crr/Ag/Sn

Bond Wire Gold, 1.0mils Gold, 1.0mils

Bond Type Hot Thermosonic Ball Hot Thermosonic Ball

Package Thermal 265°C/W 478°C/W
for LMV321, for LMV321
LMV821, and LMV821, and 
LMV331 LMV331
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4.0  PACKAGING INFORMATION 

14 Pin Small Outline
Order Number LMV324M, LMV324MX, LMV339M, LMV339MX, LMV824M and LMV824MX

NS Package Number M14A

14 Pin TSSOP
Order Number LMV324MT, LMV324MTX, LMV339TM, LMV339MTX, LMV824MT and LMV824MTX

NS Package Number MTC14
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4.0  PACKAGING INFORMATION 

8 Pin Small Outline
Order Number LMV358M, LMV358MX, LMV393M, LMV393MX, LMV822M, and LMV822MX

NS Package Number M08A

8 Pin MSOP
Order Number LMV358MM, LMV358MMX, LMV393MM, LMV393MMX, LMV822MM and LMV822MMX

NS Package Number MUA08A
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4.0  PACKAGING INFORMATION 

5 Pin SOT23-5 Tape and Reel
Order Number LMV321M5, LMV321M5X, LMV331M5, LMV331M5X, LMV821M5, and LMV821M5X

NS Package Number MA05B
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4.0  PACKAGING INFORMATION 

5 Pin SC70-5 Tape and Reel
Order Number LMV321M7, LMV321M7X, LMV331M7, LMV331M7X, LMV821M7, and LMV821M7X

NS Package Number MAA05A
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4.0  PACKAGING INFORMATION 

4.2  BONDING DIAGRAMS
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 

4.3  TAPE AND REEL DIAGRAMS
For 14 lead TSSOP look at dimensions in table for OPT01 (STOCK #053044)
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 

For 8 lead SOIC look at dimensions in table for OPT01 (STOCK #025349)
For 14 lead SOIC look at dimensions in table for OPT02 (STOCK #025350)
For 8 lead MSOP look at dimensions in table for OPT17 (STOCK #060860)
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 

For 5 lead SOT-23 look at dimensions in table for OPT03 (STOCK #052803)
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 
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4.0  PACKAGING INFORMATION 

For SC70 Package
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4.0  PACKAGING INFORMATION 



5.0  RELIABILITY DATA
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5.0  RELIABILITY DATA 

5.1  Reliability Reports for LMV3xx
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5.0  RELIABILITY DATA
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5.0  RELIABILITY DATA 
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5.0  RELIABILITY DATA
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5.0  RELIABILITY DATA 
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5.0  RELIABILITY DATA
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5.0  RELIABILITY DATA 
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5.0  RELIABILITY DATA
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5.0  RELIABILITY DATA 
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5.0  RELIABILITY DATA
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5.0  RELIABILITY DATA 
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5.0  RELIABILITY DATA
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5.0  RELIABILITY DATA 
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5.0  RELIABILITY DATA
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5.0  RELIABILITY DATA 

5.2  Reliability Reports for LMV8xx
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5.0  RELIABILITY DATA
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5.0  RELIABILITY DATA 
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5.0  RELIABILITY DATA



6.0  CHARACTERIZATION DATA
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6.0  CHARACTERIZATION DATA

LMV324 Room Temperature Data
Test Name Units Avg Sigma

PSI 2.7V mA 0.272 0.024

PSI 5V mA 0.379 0.028

VOS A 2.7V mV 1.4 2

VOS B 2.7V mV 1.5 1.9

VOS C 2.7V mV 1.5 2

VOS D 2.7V mV 1.4 2

VOS A 5V mV -0.2 1.8

VOS B 5V mV -0.1 1.8

VOS C 5V mV -0.1 1.8

VOS D 5V mV -0.2 1.9

-IBIAS A 2.7V nA -16.3 2.1

-IBIAS B 2.7V nA -16.5 2.3

-IBIAS C 2.7V nA -16.3 2

-IBIAS D 2.7V nA -16 3.5

+IBIAS A 2.7V nA 16.1 2.1

+IBIAS B 2.7V nA 16 2

+IBIAS C 2.7V nA 16.5 2

+IBIAS D 2.7V nA 16.7 3.7

IOS A 2.7V nA -0.3 1.5

IOS B 2.7V nA -0.6 2.1

IOS C 2.7V nA 0.3 1.6

IOS D 2.7V nA 0.9 3.5

-IBIAS A 5V nA -18.1 2.4

-IBIAS B 5V nA -18.1 2.4

-IBIAS C 5V nA -18.7 2.4

-IBIAS D 5V nA -18.7 3.2

+IBIAS A 5V nA 19.6 2.4

+IBIAS B 5V nA 19.6 2.5

+IBIAS C 5V nA 19.2 2.2

+IBIAS D 5V nA 18.8 2.8

IOS A 5V nA 1.7 2.9

IOS B 5V nA 1.9 3

IOS C 5V nA 2 3.1

IOS D 5V nA 2.1 3.1

+SWINGA 5V 2K V 4.951 0.034

+SWINGB 5V 2K V 4.95 0.048

+SWINGC 5V 2K V 4.951 0.006

+SWINGD 5V 2K V 4.951 0.033

6.1  Parametric Data for LMV3xx
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6.0  CHARACTERIZATION DATA

LMV324 Room Temperature Data (cont)
Test Name Units Avg Sigma

+SWINGA 5V 10K V 4.951 0.001

+SWINGB 5V 10K V 4.991 0.002

+SWINGC 5V 10K V 4.99 0.001

+SWINGD 5V 10K V 4.991 0.002

+SWINGA 2.7V 10 V 2.693 0.002

+SWINGB 2.7V 10 V 2.692 0.001

+SWINGC 2.7V 10 V 2.692 0.001

+SWINGD 2.7V 10 V 2.692 0.001

-SWINGA 5V 2K V 0.123 0.007

-SWINGB 5V 2K V 0.122 0.006

-SWINGC 5V 2K V 0.122 0.007

-SWINGD 5V 2K V 0.124 0.006

-SWINGA 5V 10K V 0.073 0.006

-SWINGB 5V 10K V 0.072 0.006

-SWINGC 5V 10K V 0.073 0.006

-SWINGD 5V 10K V 0.073 0.006

-SWINGA 2.7V 10 V 0.062 0.004

-SWINGB 2.7V 10 V 0.062 0.003

-SWINGC 2.7V 10 V 0.062 0.004

-SWINGD 2.7V 10 V 0.063 0.004

LMV321 Room Temperature Data
Test Name Units Avg Sigma

PSI 2.7V mA 0.077 0.005

PSI 5V  mA 0.107 0.006

VOS A 2.7V mV -0.4 2.3

VOS A 5V mV -1.9 2

-IBIAS A 2.7V nA -17.2 3.6

+IBIAS A 2.7V nA 16.1 3.9

IOS A 2.7V nA -1.2 1.9

-IBIAS A 5V nA -18.2 4.1

+IBIAS A 5V nA 19.9 4.1

IOS A 5V nA -0.2 1.3

+SWINGA 5V 2K V 4.95 0.015

+SWINGA 5V 10K V 4.991 0.004

+SWINGA 2.7V10K V 2.692 0.002

-SWINGA 5V 2K V 0.127 0.013

-SWINGA 5V 10K V 0.076 0.004

-SWINGA 2.7V10K V 0.065 0.003
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6.0  CHARACTERIZATION DATA

LMV358 Room Temperature Data
Test Name Units Avg Sigma

PSI 2.7V mA 0.132 0.023

PSI 5V mA 0.243 0.028

VOS A 2.7V mV 2.8 2.2

VOS B 2.7V mV 2.9 2.2

VOS A 5V mV -0.9 2.1

VOS B 5V mV -1 2

-IBIAS A 2.7V nA -14 6.9

-IBIAS B 2.7V nA -12.9 6.3

+IBIAS A 2.7V nA 14.1 6.6

+IBIAS B 2.7V nA 13.1 7

IOS A 2.7V nA 0.4 2.1

IOS B 2.7V nA 0.9 2.1

-IBIAS A 5V nA -21.1 5.6

-IBIAS B 5V nA -20.5 5.6

+IBIAS A 5V nA 23 5.4

+IBIAS B 5V nA 21.4 5.7

IOS A 5V nA 0.1 1.8

IOS B 5V nA 0.1 2.1

+SWINGA 5V 2K V 4.938 0.029

+SWINGB 5V 2K V 4.943 0.02

+SWINGA 5V 10K V 4.988 0.006

+SWINGB 5V 10K V 4.989 0.005

+SWINGA 2.7V 10K V 2.692 0.002

+SWINGB 2.7V 10K V 2.693 0.002

-SWINGA 5V 2K V 0.126 0.019

-SWINGB 5V 2K V 0.127 0.018

-SWINGA 5V 10K V 0.073 0.009

-SWINGB 5V 10K V 0.073 0.009

-SWINGA 2.7V 10K V 0.066 0.005

-SWINGB 2.7V 10K V 0.067 0.005



6-4

6.0  CHARACTERIZATION DATA

LMV339 Room Temperature Data
Test Name Units Avg Sigma

PSI 5V UA 153.3 11.6

PSI 2.7V UA 115 9.7

VSAT 4MA 5V A MV 207.1 7.6

VSAT 4MA 5V B MV 202 3.6

VSAT 4MA 5V C MV 205 5.2

VSAT 4MA 5V D MV 199 3.9

VOS 5V A MV -2.1 1.9

VOS 5V B MV -2.5 1.9

VOS 5V C MV -2.3 2

VOS 5V D MV -2.2 1.9

+IIB 5V A NA 21.9 2.4

+IIB 5V B NA 21.4 2.1

+IIB 5V C NA 20.7 2

+IIB 5V D NA 21.7 2.5

-IIB 5V A NA -25 2.2

-IIB 5V B NA -25.7 2

-IIB 5V C NA -25.6 2.2

-IIB 5V D NA -25.3 2.1

IOS 5V A NA -2.7 2.2

IOS 5V B NA -3.9 2.1

IOS 5V C NA -3.9 2.1

IOS 5V D NA -3.1 2.1

VOS 2.7V A MV -0.3 2.1

VOS 2.7V B MV -0.4 2.3

VOS 2.7V C MV -0.6 2.1

VOS 2.7V D MV -0.1 2.1

+IIB 2.7V A NA 17.9 1.9

+IIB 2.7V B NA 17.4 1.9

+IIB 2.7V C NA 16.5 1.8

+IIB 2.7V D NA 17.6 1.8

-IIB 2.7V A NA -18.7 1.8

-IIB 2.7V B NA -19.3 1.7

-IIB 2.7V C NA -19.2 1.9

-IIB 2.7V D NA -19.2 1.7

IOS 2.7V A NA -0.8 1.9

IOS 2.7V B NA -1.7 2

IOS 2.7V C NA -1.9 1.8

IOS 2.7V D NA -1.2 1.8
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6.0  CHARACTERIZATION DATA

LMV393 Room Temperature Data
Test Name Units Avg Sigma

PSI 5V UA 104.3 8.8

PSI 2.7V  UA 71 6.6

VSAT 4MA 5V A MV 177.8 3.9

VSAT 4MA 5V B MV 180.7 4.1

VOS 5V A MV -0.4 1.5

VOS 5V B MV -0.3 1.6

+IIB 5V A NA 28.2 3.7

+IIB 5V B NA 27 3.3

-IIB 5V A NA -29.3 3.5

-IIB 5V B NA -29.2 4

IOS 5V A NA -1 2.1

IOS 5V B NA -1.7 2.3

VOS 2.7V A MV 1.3 1.7

VOS 2.7V B MV 1.2 1.7

+IIB 2.7V A NA 20.3 3.1

+IIB 2.7V B NA 20.9 2.7

-IIB 2.7V A NA -20.3 3.2

-IIB 2.7V B NA -20.4 3.3

IOS 2.7V A NA 1.1 1.8

IOS 2.7V B NA 0.4 1.9

LMV331 Room Temperature Data
Test Name Units Avg Sigma

PSI 5V UA 66.7 5.4

PSI 2.7V UA 40.4 5.2

VSAT 4MA 5V MV 175.3 5.6

VOS 5V MV 0.6 1.7

VOS 2.7V MV 2.4 1.9

+IIB 5V NA 26.6 4.1

-IIB 5V NA -27 4.3

IOS 5V NA -0.3 2.4

+IIB 2.7V NA 17.5 2.6

-IIB 2.7V NA -17.4 2.1

IOS 2.7V NA 1.3 2.1
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6.0  CHARACTERIZATION DATA

6.2  Parametric Data for LMV8xx
LMV824 Room Temperature Data

Test Name Units Avg Sigma

PSI   2.7V mA 0.792 0.043

PSI   5V mA 1.042 0.054

Vos   A   2.7V   mV 0.07 1.08

Vos   B   2.7V   mV 0.08 1.11

Vos   C   2.7V   mV 0.04 1.06

Vos   D   2.7V   mV -0.225 1.14

Vos   A   5V   mV 0.055 1.11

Vos   B   5V   mV 0.03 1.13

Vos   C   5V   mV -0.168 1.05

Vos   D   5V   mV -0.225 1.15

Neg Ibias  A  2.7V nA 38.3 3.5

Neg Ibias  B  2.7V nA 36.8 3.7

Neg Ibias  C  2.7V nA 38.7 3.1

Neg Ibias  D  2.7V nA 38.1 3.2

Pos Ibias  A  2.7V nA 37.5 3.6

Pos Ibias  B  2.7V nA 36.8 3.7

Pos Ibias  C  2.7V nA 37.9 3.4

Pos Ibias  D  2.7V nA 37.4 3.3

Ios  A  2.7V nA -0.76 3.9

Ios  B  2.7V nA -1.04 4.3

Ios  C  2.7V nA -0.76 3.4

Ios  D  2.7V nA -0.78 3.5

Neg Ibias  A  5V nA 44.8 3.1

Neg Ibias  B  5V nA 43.8 4.1

Neg Ibias  C  5V nA 43.6 3.5

Neg Ibias  D  5V nA 42.9 3.5

Pos Ibias  A  5V nA 43.7 3.6

Pos Ibias  B  5V nA 42.1 3.9

Pos Ibias  C  5V nA 42.6 3.3

Pos Ibias  D  5V nA 43.1 3.4

Ios  A  5V nA -1.2 3.8

Ios  B  5V nA -1.7 4.5

Ios  C  5V nA -1 3.3

Ios  D  5V nA -0.8 3.7

Pos Swing A  5V  600 V 4.828 0.004

Pos Swing B  5V  600 V 4.826 0.004

Pos Swing C  5V  600 V 4.826 0.006

Pos Swing D  5V  600 V 4.827 0.004
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6.0  CHARACTERIZATION DATA

LMV824 Room Temperature Data (cont)
Test Name Units Avg Sigma

Pos Swing A  5V  2K V 4.941 0.003

Pos Swing B  5V  2K V 4.94 0.003

Pos Swing C  5V  2K V 4.94 0.003

Pos Swing D  5V  2K V 4.94 0.004

Pos Swing A  2.5V  600 V 2.372 0.004

Pos Swing B  2.5V  600 V 2.372 0.004

Pos Swing C  2.5V  600 V 2.372 0.004

Pos Swing D  2.5V  600 V 2.371 0.005

Pos Swing A  2.7V  2K V 2.458 0.001

Pos Swing B  2.7V  2K V 2.458 0.001

Pos Swing C  2.7V  2K V 2.458 0.001

Pos Swing D  2.7V  2K V 2.457 0.001

Neg Swing A  5V  600 V 0.185 0.003

Neg Swing B  5V  600 V 0.184 0.003

Neg Swing C  5V  600 V 0.184 0.004

Neg Swing D  5V  600 V 0.187 0.004

Neg Swing A  5V  2K V 0.112 0.003

Neg Swing B  5V  2K V 0.111 0.002

Neg Swing C  5V  2K V 0.111 0.002

Neg Swing D 5V  2K V 0.112 0.002

Neg Swing A  2.5V  600 V 0.136 0.003

Neg Swing B  2.5V  600 V 0.135 0.003

Neg Swing C  2.5V  600 V 0.135 0.003

Neg Swing D  2.5V  600 V 0.137 0.003

Neg Swing A  2.7V  2K V 0.089 0.002

Neg Swing B  2.7V  2K V 0.09 0.002

Neg Swing C  2.7V  2K V 0.09 0.002

Neg Swing D  2.7V  2K V 0.09 0.002
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6.0  CHARACTERIZATION DATA

LMV822 Room Temperature Data
Test Name Units Avg Sigma

PSI   2.7V mA 0.409 0.022

PSI   5V mA 0.534 0.023

Vos   A   2.7V   mV 0.07 1.08

Vos   B   2.7V   mV 0.08 1.11

Vos   A   5V   mV 0.055 1.11

Vos   B   5V   mV 0.03 1.13

Neg Ibias  A  2.7V nA 38.3 3.5

Neg Ibias  B  2.7V nA 36.8 3.7

Pos Ibias  A  2.7V nA 37.5 3.6

Pos Ibias  B  2.7V nA 36.8 3.7

Ios  A  2.7V nA -0.76 3.9

Ios  B  2.7V nA -1.04 4.3

Neg Ibias  A  5V nA 44.8 3.1

Neg Ibias  B  5V nA 43.8 4.1

Pos Ibias  A  5V nA 43.7 3.6

Pos Ibias  B  5V nA 42.1 3.9

Ios  A  5V nA -1.2 3.8

Ios  B  5V nA -1.7 4.5

Pos Swing A  5V  600 V 4.828 0.004

Pos Swing B  5V  600 V 4.826 0.004

Pos Swing A  5V  2K V 4.941 0.003

Pos Swing B  5V  2K V 4.94 0.003

Pos Swing A  2.5V  600 V 2.372 0.004

Pos Swing B  2.5V  600 V 2.372 0.004

Pos Swing A  2.7V  2K V 2.458 0.001

Pos Swing B  2.7V  2K V 2.458 0.001

Neg Swing A  5V  600 V 0.185 0.003

Neg Swing B  5V  600 V 0.184 0.003

Neg Swing A  5V  2K V 0.112 0.003

Neg Swing B  5V  2K V 0.111 0.002

Neg Swing A  2.5V  600 V 0.136 0.003

Neg Swing B  2.5V  600 V 0.135 0.003

Neg Swing A  2.7V  2K V 0.089 0.002

Neg Swing B  2.7V  2K V 0.09 0.002
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6.0  CHARACTERIZATION DATA

LMV821 Room Temperature Data
Test Name Units Avg Sigma

PSI   2.7V mA 0.206 0.014

PSI   5V mA 0.278 0.019

Vos   A   2.7V   mV 0.07 1.08

Vos   A   5V   mV 0.055 1.11

Neg Ibias  A  2.7V nA 38.3 3.5

Pos Ibias  A  2.7V nA 37.5 3.6

Ios  A  2.7V nA -0.76 3.9

Neg Ibias  A  5V nA 44.8 3.1

Pos Ibias  A  5V nA 43.7 3.6

Ios  A  5V nA -1.2 3.8

Pos Swing A  5V  600 V 4.828 0.004

Pos Swing A  5V  2K V 4.941 0.003

Pos Swing A  2.5V  600 V 2.372 0.004

Pos Swing A  2.7V  2K V 2.458 0.001

Neg Swing A  5V  600 V 0.185 0.003

Neg Swing A  5V  2K V 0.112 0.003

Neg Swing A  2.5V  600 V 0.136 0.003

Neg Swing A  2.7V  2K V 0.089 0.002
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